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spores (A-B) treated with nano-chitosan at the highest applied 
dose (1428 µg/ml and (C-D) germinated spores with the hyphal 
network after treatment with water.  

Figure 51(A-B): A-Fungal spore germination percentage and B-Fungal spore 
germination inhibition percentage.  

Figure 52(A-E): Fungal spore germination inhibition with different nano-
chitosan treatments: A. Germinated spores with mycelium in the 
control set (Mag.: 40 X); B. Spore Germination set treated with 
142 µg/ml nano-chitosan (Mag.: 40 X); C. Spore Germination 
set treated with 285 µg/ml nano-chitosan (Mag.: 40 X), arrow 
indicates germinated spores; D. Spore Germination set treated 
with 428 µg/ml nano-chitosan (Mag.: 40 X); more clumping of 
spores was observed E. Spore Germination set treated with 1428 
µg/ml nano-chitosan (Mag.: 40 X); distinct nano-chitosan 
network fabrics were found where spores were trapped  

Figure 53: Mung bean Seedlings under different treatments showing their 
vigor. A & B – Control or Unprimed un-inoculated, C - 
Unprimed inoculated, D – Primed inoculated 5% moisture level, 
E- Primed inoculated 10% moisture level, F – Primed 
inoculated 20% moisture level, G- Primed inoculated 30% 
moisture level, H – Primed inoculated 40% moisture level.  

Figure 54:  Mung bean seedlings grown after different pre-sowing 
treatments; Abbreviations used are: (A) UPUI- Unprimed 
uninoculated, (B) UPI – Unprimed inoculated, (C) PI5 – Primed 
inoculated 5% matrix moisture level, (D) PI10 – Primed 
inoculated 10% matrix moisture level, (E) PI20- Primed 
inoculated 20% matrix moisture level, (F) PI30 – Primed 
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inoculated 30% matrix moisture level, (G) PI40 – Primed 
inoculated 40% matrix moisture level.  

Figure 55(A-D): Infected mung seedlings of some of the treatments; 
Abbreviations used are: UPI- Unprimed inoculated, PI20- 
Primed inoculated 20% matrix moisture level, PI30- Primed 
inoculated 30% matrix moisture level, PI40- Primed inoculated 
40% matrix moisture level.  

Figure 56: Disease Index under different priming conditions. 
Abbreviations: UPUI-Unprimed un-inoculated, UPI-Unprimed 
inoculated, PI5 – Primed inoculated 5% moisture level, PI10-
Primed inoculated 10% moisture level, PI20 – Primed 
inoculated 20% moisture level, PI30 – Primed inoculated 30% 
moisture level, and PI40 – Primed inoculated 40% moisture 
level.  

Figure 57(A-B): (A) Root Length (RL) and (B) Shoot Length (SL), C. Average 
Fresh Weight (FW), and D. Average Dry weight (DW) of mung 
bean seedlings. Abbreviations: UPUI - Unprimed un-inoculated, 
UPI – Unprimed inoculated, PI5 – Primed inoculated 5% 
moisture level, PI10 – Primed inoculated 10% moisture level, 
PI20 – Primed inoculated 20% moisture level, PI30 – Primed 
inoculated 30% moisture level, and PI40 – Primed inoculated 
40% moisture level. 

Figure 58(A-E): A. Lateral Root Number (LRN), B. Water Uptake %, C. Plant 
Height Stress Tolerance Index (PHSI), D. Root Length Stress 
Tolerance Index (RLSI), and E. Shoot Height Stress Tolerance 
Index (SHSI) of mung bean seedlings. Abbreviations: UPUI-
Unprimed un-inoculated, UPI-Unprimed inoculated, PI5 – 
Primed inoculated 5% moisture level, PI10-Primed inoculated 
10% moisture level, PI20 – Primed inoculated 20% moisture 
level, PI30 – Primed inoculated 30% moisture level, and PI40 – 
Primed inoculated 40% moisture level.  

Figure 59(A-D): Light microscopic images of transverse sections of mung bean 
stem of healthy (A, B) and infected seedlings (C, D) (Mag.: 100 
X); E-F: SEM images of infected mung bean stem in the 
transverse section.  

Figure 60(A-C): On-gel NADPH oxidase activity of mung bean proteins, and 
(C): Graphical representation depicting relative density of mung 
bean proteins obtained from (1) Control, (2) Hydro-primed. (3) 
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Nano-chitosan, and (4) Chitosan primed mung bean seedlings 
grown under 4 dS/m salinity stress.  

Figure 61(A-C): On-gel Peroxidase (POD) activity of mung bean proteins. and 
(C) Graphical representation depicting relative density of mung 
bean proteins obtained from (1) Control, (2) Hydro-primed. (3) 
Nano-chitosan, and (4) Chitosan primed mung bean seedlings 
grown under 4 dS/m salinity stress. 

Figure 62(A-C): On-gel Superoxide dismutase (SOD) activity of mung bean 
proteins, and (C) Graphical representation depicting relative 
density of mung bean proteins obtained from (1) Control, (2) 
Hydro-primed. (3) Nano – chitosan, and (4) Chitosan primed 
mung bean seedlings grown under 4 dS/m salinity stress.  

Figure 63(A-C): On-gel α-Amylase activity of mung bean proteins, and (C) 
Graphical representation depicting relative density of mung 
bean proteins obtained from (1) Control, (2) Hydro-primed. (3) 
Nano-chitosan, and (4) Chitosan primed mung bean seedlings 
grown under 4 dS/m salinity stress.  

Figure 64(A-C): SDS PAGE separation of mung bean proteins (A & B) obtained 
from different mung bean seedlings grown under 4 dS/m 
salinity stress; C-i & C-ii: Graphical representation depicting 
relative density of mung bean allied proteins obtained from SDS 
PAGE analysis. (1) Control (2) Hydro-primed (3) Nano-
chitosan, and (4) Chitosan primed mung bean seedlings.  

Figure 65: OHR-LCMS spectra of differentially expressed SDS band 
obtained from mung bean seedlings primed with nano-chitosan.  

Figure 66: STRING (Round-1) analysis representing protein-protein 
interaction of differentially expressed mung bean proteins 
obtained from OHR – LCMS analysis. (Number of nodes: 246, 
Number of edges: 598, Average node degree: 4.86, Avg. local 
clustering coefficient: 0.327, Expected number of edges: 414, 
PPI enrichment p-value: < 1.0e-16, Minimum required 
interaction score: Low Confidence level (0.150), Selected 60%, 
BP, CC, MF Avg. Percentile selection).  

Figure 67(A-C): STRING-mediated GO Process detected Biological Processes 
(A), Cellular Components (B) and Molecular Functions (C) with 
observed gene count.  

Figure 68: STRING (Round-2) analysis representing protein-protein 
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interaction of differentially expressed mung bean proteins 
obtained from OHR – LCMS analysis. Number of nodes: 227, 
Number of edges: 512, Average node degree: 4.51, Avg. local 
clustering coefficient: 0.5, Expected number of edges: 314, PPI 
enrichment p-value: < 1.0 e-16, Minimum required interaction 
score: High Confidence level (0.700).  

Figure 69: Topological analysis of the selected proteins represented through 
Cytoscape platform (Average percentile values selected with a 
60% cut off).  

Figure 70: STRING (Round-3) analysis representing protein-protein 
interaction of differentially expressed mung bean proteins 
obtained from OHR-LCMS analysis with Highest confidence 
(0.900).  

Figure 71:  Number of involved proteins of mung bean along with the 
respective KEGG IDs.  

Figure 72:  Identification of PPI network and MCODE components in gene 
lists (MCODE sub-networks: Cluster 1 to 6). These networks 
were constructed using the following parameters – Node Score 
Cutoff: 0.2, Haircut: true, kappa-core (K-Core) value: 2, Max. 
Depth from Seed: 100.  

Figure 73: Quantitative High-Resolution Liquid Chromatography-Mass 
spectrometry (HR LC-MS/MS) analysis of three standard 
isoflavones (A-C) and major identified isoflavones (D-F). A. 
Biochanin-A, B. Formononetin, C. Genistein, D. Biochanin-A 
detected in unprimed mung bean seedlings E. Genistein detected 
in nano-chitosan primed seedlings and F. Formononetin 
detected in chitosan primed seedlings.  

Figure 74(A-F): Standard curves of three isoflavones: Genistein (A-B), 
Biochanin-A (C-D), and Formononetin (E-F).  

Figure 75:  Derivation and glycosylation of Genistein through the KEGG 
pathway.  

Figure 76:  Derivation and glycosylation of Biochanin-A through the 
KEGG pathway.  

Figure 77:  Biosynthesis of Formononetin from flavones through the KEGG 
pathway.  

Figure 78 (A-D): BOILED – Egg predictive model (A) and Radar diagrams for 
Biochanin-A (B), Formononetin (C), and Genistein (D).  
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Figure 79:  PRED SKIN properties of Biochanin-A, Formononetin, and 
Genistein with their respective probability maps.  

Figure 80(A-C): The DNA reactivity diagram of the Biochanin-A, 
Formononetin, and Genistein predicted using Xenosite 
reactivity 2.0.  

Figure 81:  STRING analysis showing the protein-protein interaction of 
differentially expressed proteins.  

Figure 82:  The correlation between the selected isoflavones and the salt 
stress genes is represented through Cytoscape analysis.  

Figure 83:  Confirmation of the cDNA by performing PCR with the 
housekeeping gene Actin – 3.  

Figure 84:  Melt Curve – Derivative Reporter and Normalized Reporter 
obtained from RT-PCR of mung bean seedlings.  

Figure 85:  Experiment Results Report of RT-PCR of mung bean seedlings 
(nano-chitosan treated and control).  

Figure 86: Gene Expression Plot for NHX1, SOS1, SOS2, and SOS3 (RQ 
vs Sample).  

Figure 87:  General relationship between Zeta potential value and stability 
of the nano-dispersion.  

Figure 88:  Possible anti-fungal mode of action of nano-chitosan.  

Figure 89:  The mechanistic diagram in mung bean for mitigating salinity-
induced oxidative stress, and activation of salt stress genes 
associated with metabolic shifting of major isoflavones.  
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