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Abstract

All primary production system is depending on land, a non-renewable resource but due
to consequences of increases in environmental damage, climatic change and population growth
number of wastelands are increased. They are characterized by high soil salinity, infertility,
low productivity and limited supply of high quality of water. Extensive research should be
carried in developing eco-friendly technology for the reclamation of wasteland. So in view of
this Plant growth promoting rhizobacteria who possesses ACC deaminase (ACCd) activity,
could be a potential candidate. 1-Aminocyclopropane carboxylic acid (ACC) deaminase is
secreted by a wide range of beneficial rhizobacteria which degrades the immediate precursor
of ethylene thereby reducing the adverse effect on plants. Furthermore they also known to have
other beneficial traits such as, Phosphate solubilisation, Nitrogen fixation, production of IAA
and other plant hormone, lytic enzymes, siderophore, antioxidants and volatiles. They induce
systemic resistance (ISR) against wide range of insects and pathogens, and induce systemic
tolerance (IST) against various abiotc stresses. Different approaches involving inoculation of
ACCd" rhizobacteria, and management practices have been studied to enhance biomass yield
in several plants against abiotic stress. This thesis consists of four studies aimed at examining
(1) Isolation, screening (for abiotic stress), identification and efficacy evaluation of native
rhizobacterial strains for biomass quantity and quality improvement (2) Evaluating the
potential of selected ACCd" positive rhizobacterial isolates for plant growth and biomass
quality improvement under abiotic stress conditions (3) Evaluating the potential of biomass

produced for bioethanol and fodder applications.

Plants exposed to abiotic stress exhibits morphological, physiological and biochemical
variations which lead to survival of plants by scarifying the overall biomass character. Under
stress increased concentration of ethylene in the plant is eventually responsible for the
diminished quality and quantity of biomass. 37 ACCd" rhizobacteria were isolated from 25
rhizospheric soils of organically grown P. maximum and characterized for their beneficial
traits. All bacteria were found positive for root colonization and Indole acetic acid and found
improving plant growth under normal conditions. Microscopic analysis, biochemical tests and
16s rRNA gene sequence analysis results revealed that the 73 % of the bacteria belongs to
Bacillus spp. By considering the importance of each beneficial trait a weightage chart was
prepared. Upon applying different weightage to different beneficial traits, 13 bacteria recorded

highest total score which were selected for next stage of screening. Further these 13 bacteria



were tested for their potential to enhance the biomass characters (shoot length, root length, leaf
area, dry matter, dry/fresh weight ratio, relative water content, ion leakage, total phenol, total
chlorophyll, proline, total soluble sugar and total soluble proteins) under salt and drought stress
conditions. In comparison with plants growth under normal conditions, all the biomass
characters were given weightage and a total score were generated for each bacteria. Among 13
bacteria tested, highest of 1036.3 score was recorded by isolate 22F2 followed by 7D and 20B.
The least score was recorded in control plants (695.6). Further based on the overall
performance three bacteria (20B, 7D and 22F2) were selected. In last phase of experiment the
normal, control and treated plants, with or without drought and salt stress were grown up to 60
days and subjected to various analysis to determine its potential for fodder and fuel application.
In control plants, cell wall analysis revealed that upon exposure to stress conditions cellulose
and hemicellulose content was significantly (P<0.05) reduced and lignin was increased in
comparison to normal plants. Isolate 5JD and 20B treatment recorded higher tendency to
improve these biomass characters towards normal plants. This was also evident by the
significant (P<0.05) increase in total reducing sugar and theoretical bioethanol yield obtained
from bacterial treatment. On the other hand the fodder value of rhizobacteria treated plants
were maintained close to normal plants in comparison to control plants. Fodder quality was
improved with enhanced Nutrient Detergent Fibre (NDF) and crude protein in inoculated plants
in comparison to control. Whereas ADF values among different treatments, control and normal
plants was not significant. In control plants under both stress conditions a significant decrease
in total crude protein was observed which was found near half the concentration recorded in
normal and treated plants. Similar trend was maintained in plant nutrients where normal plants
maintained a higher level of N, P and K and control plants recorded least nutrient characters.
Plants treated with rhizobacteria recorded a significant increase in N, P and K accumulation

over control and lesser than normal plants.

Morphological, physiological and biochemical parameters analysed for bacteria treated,
control and normal plants revealed the potential of ACCd" rhizobacteria in improving biomass
character for fodder and fuel applications. From the results, it was evident that along with
ACCd other beneficial traits of rhizobacteria synergistically improve the plant growth and
health under abiotic stress. The present study gave a new dimension for the applications of
ACCd" beneficial rhizobacteria wherein the marginal and degraded land can be brought under
cultivation to grow fodder and fuel crops without compromising the quantity and quality of

biomass.
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Table.4.20

ANOVA table for BBD model for P. maximum

Table.4.21

Effect of alkali (Sodium hydroxide) pretreatment on crystallinity
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Abbreviations

ACC I-aminocyclopropane-1-carboxylate
ACCd+ I-aminocyclopropane-1-carboxylate deaminase positive
/ per

G gram

Mg milligram

EC Electrical conductivity

Ml millilitre

SEM Scanning electron microscope
DF Dworking and Foster

PCR Polymerase Chain Reaction
FW Fresh Weight

SL Shoot Length

RL Root Length

DW Dry Weight

LA Leaf Area

RWC Relative Water Content

EC Electrolyte Concentration
DW/FW Dry Weight/ Fresh Weight
IAA Indole Acetic Acid

™ Turgid Weight

Chl Chlorophyll

Min Minute

RS Reducing Sugar

IAA Indole-3-acetic acid

SAM S-adenosyl methionine
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