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1. PHD PROJECT DESCRIPTION (4000 characters max., including the aims and work plan) 

 

Project title:  

 

1.1. Project goals 

 

G-1 Screening and selection of potential endophytic bacteria and fungi from the microbial collection. 

G-2 Assessment of the effect of various inoculation methods on the physiological and biochemical features 

of plants, root morphology and endophyte colonization under salinity stress. 

G-3 Development of various methods of microbial inoculum delivery to optimize endophyte function in 

plants.  

 

1.2. Outline 

 

Some economically important grass species such as wheat and/or perennial ryegrass are affected by soil 

salinity damaging various physiological and metabolic processes thus affecting plant yield. Moreover, most 

plants are associated with beneficial endophytic bacteria and fungi. Therefore our driving interest to select 

endophytes that can be used as bioinoculants to improve root penetration in soil for nutrient and water, 

improve plant salt tolerance and promote plant growth in poor soils.  

Studies by Furtado et al (2019 a, b) and Koczorski et al (2021) showed host plants Salicornia europaea 

and Salix species harbor specialized endophytic microbiome having plant growth promoting (PGP) 

properties. This fact makes the endophytic microbiome in these plants interesting to explore. The study on 

fungal endophytes of S. europaea funded by EU Horizon 2020 research under the Marie Skłodowska-Curie 

grant (project leader Prof. Hrynkiewicz 2016-19) reported strains with high salt tolerance (>600 mM NaCl) 

and PGP traits (7,8). Another project on bacterial endophytes of Salix sps (project leader Prof. Hrynkiewicz 

in collaboration with researchers from Sweden and Germany 2018-2022) reported strains with PGP 

properties and phosphate-solubilizing activity (11). 

Hence, the main aim of this project is to assess the role of endophytic bacteria (Salix sps.) and fungi (S. 

europaea) and its interaction (as single strains of bacteria or fungi and mixed inoculations) on the growth of 

non host plants (ryegrass or wheat) under salinity. The novelty of this proposal lies in optimizing the selection 

of best microbial candidates contributing to selected non host plant traits (i.e. increased biomass and salt 

tolerance) in which use of bioinoculants offer sustainable productivity benefits. 

 

1.3. Work plan 

 

M-1 Screening and selection of endophytic bacteria and fungi:  

Bacteria (Salix sps.) and fungi (S. europaea) strains available in the culture collection at Department of 

Microbiology (NCU) will be used. Twenty strains (each for bacteria and fungi) to be screened for PGP 

properties: e.g. indole acetic acid (14), ACC deaminase activity (15), ammonia production (6), phosphorous 
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solubilization (13). The strains will also be screened for halotolerance (up to 1000 mM NaCl). For strain 

selection for mixed inoculation, tests for antagonistic interactions using spot test (16) and antibiosis test (2) 

to be done.  

 

M-2 Pot experiment with single and mixed inoculations under salt stress: 

Pot experiment: Plants will be cultivated in in three salt treatments (0 , 150 and 300 mM NaCl) and inoculated 

with bacteria (B) and/or fungi (F) selected on basis of results from G-1, M-1.  

Plant physiology: Plant height and biomass (fresh and dry). Root analysis (density and branching). 

Biochemical analysis: leaf CO2/H2O gas exchange (Li-COR 6200), chlorophyll (19), elemental analysis (e.g. 

total C and N), starch (10), abscisic acid (17), lipid peroxidation (5), proline (1), hydrogen peroxide content 

(12), antioxidant (analysis in collaboration with Faculty of Chemistry, NCU), water-soluble carbohydrates (9) 

and soluble proteins (4). 

Endophyte colonization: Two methods microscopy staining for bacteria (18) and fungi (3) and quantitative 

PCR to be done.  

 

M-3 Methods for microbial delivery in plant: 

Different methods for introducing endophytes in plants include soil drenching (8), root dipping (20) and seed 

coating. Pot experiment with 2 bacteria and fungi and sample collection at 2 time points: ~2 weeks after 

inoculation and ~6 weeks of plant growth. The root and leaf samples will be analyzed for endophyte 

colonization using microscopy techniques and qPCR. 

 

Expected results: 

1 The PGP activity, halotolerance and interaction of two microbial groups will be deciphered as well as 

selection of the best microbial strains i.e. two bacteria and two fungi. (G-1, M-1) 

2 The role of endophytic metabolites in plant development and salt stress mitigation and the effect of 

microbial interaction (single and mixed inoculation) on plant growth will be delineated. (G-2, M-2) 

3 Method for inoculum delivery in plants to optimize the endophyte effect and thus paving the way towards 

its field application. (G-3, M-3) 

The PhD candidate will also prepare two publications as an output to the project results. 
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1.5. Required initial knowledge and skills of the PhD candidate 

 

- Education that should cover at least one of the following areas: molecular biology, microbiology, 

biology and biochemistry. 

- High motivation to pursue doctoral studies and ability to independently plan and organize own 

experiments. 

- Good ability to analyse and communicate scientific results, and to present both in oral and written 

form in English. 

- Interest in and ability to work collaboratively within the lab group. 

 

 

1.6. Expected development of the PhD candidate’s knowledge and skills 

 

- The candidate will understand the biology of interactions under different conditions and applying the 

knowledge gained to be able to improve the reliability of endophyte products. 

- The candidate will be trained to enhance their scientific skills in writing a project proposal for research 

grants, writing and submission of scientific papers 

- The candidate will receive training in plant cultivation, endophyte handling and plant delivery 

techniques  

- The candidate will be involved in learning new techniques at the faculty of chemistry as part of 

research collaboration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




