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Chapter VIII 

N. pseudonarcissus

FFigure 8.1. Fresh bulb weight of the basal rot infected bulbs compared with control at 
different stages of plant growth. Harvesting was done every after 3 days at the same 
time for control (CTR) and basal rot (BR) infected samples. Analysis of variance with 
Dunnett’s test was used for comparison of galanthamine between healthy and 
infected samples at the same time of harvesting (7 biological replicates significance 
was at (a) P < .05 and (bb) P < .01, error bars represent standard error (SEM). 
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TTable 8.1. 1H Chemical shifts ( coupling constants (Hz) of N. pseudonarcissus 
metabolites in Methanol-d4-KH2PO4 in D2O at pH 6.0.  
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Chapter VIII 

FFigure 8.2. AA)  1H-NMR spectra (500 MHz) of Narcissus pseudonarcissus control bulbs 
and basal rot infected bulbs extracted with deuterated aqueous phosphate buffer and 
methanol-d4 -0.8 ppm; B -5.5 ppm; CC -
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0.8. Compounds: 1 :phenylalanine, 2: tyrosine, 3: 4-hydroxyphenylpyruvate, 4: cis-
aconitic acid, 5: galanthamine, 6: haemanthamine, 7: narciclasine, 8: sucrose, 9: 
glucose, 10: asparagine, 11: aspartic acid, 12: citric acid, 13: malic acid, 14: glutamic acid, 
15: acetic acid, 16: ornithine, 17: alanine, 18: threonine, 19: valine, 20: isoleucine, 21: fatty 
acids. 

FFigure 8.3. AA) Score plot of PCA (PC1 vs PC2) of 1H-NMR spectra of extracts of Narcissus 
pseudonarcissus bulbs ( ) control bulb samples ( ) all samples infected with basal rot, 
ignoring the severity of infection.  
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Chapter VIII 

BB) Score plot of the OPLS-DA of basal rot infect bulbs divided into seven classes based 
on time point of harvesting.  

C) Score plot OPLS-DA of infected bulbs with 3 classes based on severity of infection 
(L) samples with low infection; (M) samples with medium infection; (H) samples with 
high infection.  

D) Loadings-plot of bulbs where PC1 represent control to infection and PC2 represents 
time after infection and  signals are assigned to Galanthamine (GAL), Haemanthamine 
(HAE), Narciclasine (NARCI), Phenylalanine (PHE), Tyrosine (TYR), Sucrose (SUC), 
Glucose (GLC), Leucine (LEU), Alanine (ALA), glutamic acid (GA), cis-aconitic acid (cis-
AA), malic acid (MA), Citric Acid (CA) and Fatty acid (FA). PLS-DA models were 
validated by using permutation test (R2 = 0.81, Q2 = 0.69 with 120 permutations and 5 
components) 
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FFigure 8.4. Relative molar quantification of compounds Narcissus pseudonarcissus 

controls (Ctr)  and basal rot bulbs (BR)  calculated from areas of 1H-NMR signals (500 

MHz).Chemical shifts of signals used were A) tyrosine: 7.2 B) 4-HPP: 7.13, C) cis-acotinic 

acid 7.04,  D) narciclasine 6.72,  E) haemanthamine: 5.96 and F) sucrose: 5.44. Two-

way ANOVA with Dunnett’s test was used to compare samples from the same 
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Chapter VIII 

harvesting time with the control samples (7 biological replicates, significance at (aa) P 

< .05, (b)  P < .01 and (cc)  P < .001, error bars represent standard error (SEM). 

Figure 8.5. Relative molar quantification of compounds Narcissus pseudonarcissus 

controls (Ctr) and basal rot bulbs (BR) calculated from areas of 1H-NMR signals (500 

MHz). Chemical shifts of signals used were A) glucose: 5.20, B) asparagine: 2.95, C) 

choline: 3.21, D) ethanolamine: 3.12, E) alanine: 1.49 and F) fatty acids 1.31. Two-way 
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ANOVA with Dunnett’s test was used to compare samples from the same harvesting 

time with the control samples (7 biological replicates, significance at (aa) P < .05, (bb)  P 

< .01 and (c)  P < .001, error bars represent standard error (SEM). 
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Chapter VIII 

FFigure 8.6. Galanthamine concentration mg/g dry weight in the infected samples of 
basal bulb rot compared with control at different stages of plant growth. Harvesting 
was done every 3rd day at the same time for control (CTR) and basal rot (BR) infected 
samples. Analysis of variance with Dunnett’s test was used for comparison of 
galanthamine between healthy and infected samples at the same time of harvesting 
(7 biological replicates significance is at (a) P < .05, error bars represent standard error 
(SEM). 
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Chapter VIII 

FFigure 8.7. A) Comparison of 1H-NMR spectra of extracts of Narcissus pseudonarcissus 
bulbs: control (Ctr), Neck rot (NR) and Basal rot (BR) infected bulbs at the time point 
when bulbs were fully infected. 
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FFigure 8.8. AA) score plot of PCA (PC1 vs PC2) of 1H-NMR spectra of extracts of Narcissus 
pseudonarcissus bulbs ( ) control bulbs, ( ) bulbs infected with basal rot and ( ) 
infected with neck rot.  

B) Loadings plot of PCA valine (VAL), alanine (ALA), citric acid (CA), malic acid (MA), 
ornithine (ORN) sucrose (SUC), galanthamine (GAL), haemanthamine (HAE), 
narciclasine (NAR) and fatty acids (FA), tyrosine (Tyr), glucose (GLC), acetic acid (AA) 
and choline (CHO).  
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Chapter VIII 

CC) OPLS-DA score plot of infected bulbs where ( ) represents basal rot samples and 
( ) represents neck rot samples.  

 (DD) S-plot of OPLS-DA to determine the difference in metabolites connected with 
infection site.  

Figure 8.9. Relative molar quantification of metabolites calculated from signals of the 
1H-NMR spectra of extracts of Narcissus pseudonarcissus bulbs. Control (CTR), neck rot 
(NR) and basal rot (BR) infected bulb when fully infected. A one way ANOVA with 
Dunnett’s test was used to compare samples of the controls and different rots (7 
biological replicates, significance (a) P < .05, (bb)  P < .01 and (cc)  P < .001, error bars 
represent standard error (SEM). 
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Chapter VIII 

FFigure 8.10. Fusarium oxysporum chlamydospores under different microscopic 

magnifications. 

Figure 8.11. Narcissus bulbs at different stages of infection during basal rot. 
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