
v 
 

LIST OF CONTENT 

   Page 

List of Tables   ................................................................................................ ix 

List of Figures  ................................................................................................ x 

List of Appendicies    ...................................................................................... xiv 

Abstract     ...................................................................................................... xv 

Intisari     ........................................................................................................ xvi 

CHAPTER I. GENERAL INTRODUCTION 
 

 1. Background     ............................................................................... 1 

 2. Research Objectives     ................................................................. 5 

 3. Research Benefit     ....................................................................... 5 

 4. Research Novelty     ...................................................................... 6 

CHAPTER II. LITERATURE REVIEW 
 

 1. Systematics of Shallot     ............................................................... 7 

 2. Fungal Foliar Diseases of Shallot       

  2.1. Purple blotch     ...................................................................... 8 

  2.2. Stemphylium leaf blight     ...................................................... 14 

  2.3. Anthracnose      ...................................................................... 16 

 3. Plant Associated Bacteria       

  3.1. Description     ......................................................................... 17 

  3.2. Variability of endophytic bacteria     ....................................... 18 

  3.3. Plant Associated Bacteria as biocontrol agent     ................... 19 

 4. Molecular Identification  

  4.1. Alternaria porri identification     .............................................. 20 

  4.2. Plant Associated Bacteria identification     ............................. 22 

 5. Biological Control   

  5.1. Antagonism     ........................................................................ 23 

  5.2. Systemic induce resistance     ............................................... 27 

 6. Theoretical Research Framework     ............................................. 30 

 7. Hypothesis     ................................................................................ 31 

 

 

 

SUPPRESSION OF MAIN FUNGAL FOLIAR DISEASES  OF SHALLOT IN INDONESIA BY PLANT
ASSOCIATED BACTERIA
ORIGINATED FROM SHALLOT LEAVES
MAYAVIRA V. HAHULY, Prof. Dr. Ir. Siti Subandiyah, M.Agr.Sc; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Dr. Ir. Christanti Sumardiyono, SU.
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/



vi 
 

CHAPTER III. TOPIC 1. IDENTIFICATION OF PRPLE BLOTCH 

PATHOGEN OF SHALLOT BY PCR USING SPECIFIC PRIMER 

FOR ALTERNARIA GENUS 

 1. Introduction    .................................................................................. 33 

 2. Materials and Methods   

  2.1. Diseased leaf samples collection    .......................................... 34 

  2.2. Purple blotch pathogen isolation .............................................. 35 

  2.3. Isolates fingerprinting by ERIC-PCR and BOX-PCR    ............ 35 

  2.4. Molecular identification using Alternaria specific primers    ..... 36 

  2.5. Colony morphology characterization  ...................................... 37 

  2.6. Pathogenicity test of the isolates     ......................................... 37 

 3. Results and Discussion  

  3.1. Diseased leaf samples collection     ......................................... 37 

  3.2. Purple blotch pathogen isolation .............................................. 39 

  3.3. Isolates fingerprinting by ERIC-PCR and BOX-PCR    ............ 39 

  3.4. Molecular identification using Alternaria specific primers   ...... 

3.5. Colony morphology characterization ........................................    

41 

45 

  3.6. Pathogenicity test of the isolates   ........................................... 47 

CHAPTER IV. TOPIC 2. EXPLORATION AND CHARACTERIZATION OF 

PLANT ASSOCIATED BACTERIA FROM SHALLOT LEAVES 

FOR FUNGAL FOLIAR DISEASES CONTROL ON SHALLOT 

 

 1. Introduction    .................................................................................. 49 

 2. Materials and Methods  

  2.1. Plant Associated Bacteria isolation   ........................................ 50 

  2.2. Antagonistic test of Plant Associated Bacteria against 

Alternaria porri in vitro   ......................................................... 51 

  2.3. Selection of antagonist and non-antagonist Plant Associated 

Bacteria    .............................................................................. 52 

  2.4. Hypersensitive response (HR) test of plant associated 
bacteria isolates    ................................................................ 

53 

  2.5. Identification of selected bacteria isolates   ............................ 54 

  2.6. Compatibility growth between antagonistic Plant Associated 

Bacteria combination in vitro............................................... 59 

  2.7. Growth inhibition of A. porri by antagonistic Plant Associated 

Bacteria as single isolate and as combination isolates in 

vitro    .................................................................................. 59 

SUPPRESSION OF MAIN FUNGAL FOLIAR DISEASES  OF SHALLOT IN INDONESIA BY PLANT
ASSOCIATED BACTERIA
ORIGINATED FROM SHALLOT LEAVES
MAYAVIRA V. HAHULY, Prof. Dr. Ir. Siti Subandiyah, M.Agr.Sc; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Dr. Ir. Christanti Sumardiyono, SU.
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/



vii 
 

  2.8. Antagonist test of six chosen PAB isolates against A. porri 

(KP10), A. alternata (B1), Stemphylium sp. (B2, B14, B17, 

T4, GS2, and GS4), and Colletotrichum sp. in vitro  ............ 60 

  2.9. Extracellular hydrolytic chitinase and glucanase assay  ....... 60 

  2.10. Antagonist assay of Cell Free Supernatant (CFS), SDS-CFS 

and heat treatment-CFS    .................................................... 61 

  2.11. Characterization of antagonist metabolite in CFS by using 

GC-MS method   ................................................................... 61 

 3.  Results and Discussion  

  3.1. Plant Associated Bacteria (PAB) isolation   ............................. 62 

  3.2. Antagonistic test of Plant Associated Bacteria against 

Alternaria porri in vitro    ........................................................ 65 

  3.3. Selection of antagonist and non-antagonist PAB.................. 68 

  3.4. Hypersensitive Response (HR) test    ...................................... 72 

  3.5. Identification of selected bacteria isolates      .......................... 73 

  3.6. Compatibility growth between antagonistic Plant Associated 

Bacteria combination in vitro    .............................................. 78 

  3.7. Growth inhibition of A. porri by antagonistic Plant Associated 
Bacteria as single isolate and as combination isolates in 
vitro    .................................................................................. 

79 

  3.8. Antagonist test of six chosen PAB isolates against A. porri 

(KP10), A. alternata (B1), Stemphylium sp. (B2, B14, B17, 

T4, GS2, and GS4), Colletotrichum sp. in vitro   ................... 80 

  3.9. Extracellular hydrolytic chitinase and glucanase assay  ........ 81 

  3.10. Antagonist assay of Cell Free Supernatant (CFS), SDS-CFS 

and Hot treatment-CFS    ...................................................... 83 

  3.11. Characterization of antagonist metabolite in CFS by using 

GC-MS method    .................................................................. 85 

CHAPTER V. TOPIC 3. BACILLUS SPECIES AND Pseudomonas 

aeruginosa AS POTENTIAL AGENTS OF INDUCE RESISTANCE 

ON SHALLOT AGAINST Alternaria porri 

 

 1. Introduction    .................................................................................. 91 

 2.  Materials and Methods  

  2.1. Experimental design    ............................................................. 92 

  2.2. Experimental plant preparation   .............................................. 93 

  2.3. Plant Associated Bacteria (PAB) preparation and inoculation    93 

  2.4. Pathogen inoculation    ............................................................ 93 

SUPPRESSION OF MAIN FUNGAL FOLIAR DISEASES  OF SHALLOT IN INDONESIA BY PLANT
ASSOCIATED BACTERIA
ORIGINATED FROM SHALLOT LEAVES
MAYAVIRA V. HAHULY, Prof. Dr. Ir. Siti Subandiyah, M.Agr.Sc; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Dr. Ir. Christanti Sumardiyono, SU.
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/



viii 
 

  2.5. Analysis of total phenolic compounds     ................................. 94 

  2.6. Peroxidase activity assessment    ............................................ 94 

  2.7. Salicylic Acid analysis    ........................................................... 95 

 3. Results and Discussion       

  3.1. Disease incidence    ................................................................ 95 

  3.2. Total phenolic (Ph) compounds content of leaves    ................ 97 

  3.3. Peroxidase activity     ............................................................... 99 

  3.4. Salicylic Acid content accumulation     ..................................... 103 

CHAPTER VI. TOPIC 4. PERFORMANCE OF INDIGENOUS PLANT 

ASSOCIATED BACTERIA IN CONTROLLING FUNGAL FOLIAR 

DISEASES ON SHALLOT 

 

 

 1. Introduction    .................................................................................. 108 

 2. Materials and Methods      

  2.1. Experimental design    ............................................................. 109 

  2.2. Experiment 1: bulb dipping plus soil drenching method   ......... 110 

  2.3. Experiment 2: foliar spraying method  ..................................... 110 

  2.4. Plant Associated Bacteria preparation    .................................. 111 

  2.5. Experimental plant preparation and crops maintenance     ...... 111 

  2.6. Parameter assessed and data analysis      .............................. 112 

 3. Results and Discussion  

  3.1. Disease symptom and disease incidence     ............................ 112 

  3.2. Germination percentage     ...................................................... 118 

  3.3. Vegetative growth parameter: plant height and number of 

leaves     ................................................................................ 
119 

  3.4. Shallot yield     .......................................................................... 120 

CHAPTER VII. GENERAL DISCUSSION     .................................................. 123 

CHAPTER VIII. CONCLUSSION AND SUGGESTION     .............................. 127 

SUMMARY     ................................................................................................. 129 

RINGKASAN      ............................................................................................. 141 

REFERENCES     ........................................................................................... 153 

APPENDICIES     ........................................................................................... 184 

 

 

SUPPRESSION OF MAIN FUNGAL FOLIAR DISEASES  OF SHALLOT IN INDONESIA BY PLANT
ASSOCIATED BACTERIA
ORIGINATED FROM SHALLOT LEAVES
MAYAVIRA V. HAHULY, Prof. Dr. Ir. Siti Subandiyah, M.Agr.Sc; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Dr. Ir. Christanti Sumardiyono, SU.
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/



ix 
 

LIST OF TABLE 

Table  page 
3.1. Table Survey location for samples collection     ................................  34 

3.2. List of primers used in this study     .................................................. 
 

36 

3.3. Description of colony morphology of collected isolates  .................... 
 

39 

3.4. Characteristic of colony morphology of 41 fungal isolates from 

shallot leaves showing purple blotch symptom  ................................ 
47 

4.1. Survey location and sampling of shallot crops for bacteria isolation 
 

64 

4.2. Number of antagonist and non antagonist Plant Associated 
Bacteria isolated from Bantul and Nganjuk Regencies at dry 
and wet season       .................................................................... 

 

67 

4.3. Information of the six antagonist isolates and two non-antagonist 
isolates (isolate 24 & 35) selected for further experiment     ...... 

 
73 

4.4. Morphologycal and biochemical characteristic of eight selected 
isolates of Plant Associated Bacteria from shallot     ................. 

 
74 

4.5. Compatibility test of the six antagonist PAB isolates of shallot     .... 
 

78 

4.6. ANOVA of inhibition percentage of nine fungal isolates from shallot 
purple blotch symptom by six indigenous antagonistic bacteria 
isolates of shallot     .................................................................... 

 

82 

4.7. Assessment of bacterial CFS antagonist test against A. porri in 
vitro at seven days incubation in well method assay     ............. 

 
83 

4.8. Fungal growth diameter (mm) at seven days incubation on 
bacterial CFS antagonist test against A. porri in vitro in pour 
plate method assay     ................................................................ 

 

83 

4.9. Compounds identified in ethyl acetate extract of Cell Free 
Supernatant (CFS) of Isolate 60 bacteria (B. methylotrophicus) 
by GC-MS     .............................................................................. 

 

88 

4.10. Compounds identified in ethyl acetate extract of Cell Free 
Supernatant (CFS) of Isolate 9 bacteria (B. subtilis) by GC-MS 

89 

 

 

 

 

SUPPRESSION OF MAIN FUNGAL FOLIAR DISEASES  OF SHALLOT IN INDONESIA BY PLANT
ASSOCIATED BACTERIA
ORIGINATED FROM SHALLOT LEAVES
MAYAVIRA V. HAHULY, Prof. Dr. Ir. Siti Subandiyah, M.Agr.Sc; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Dr. Ir. Christanti Sumardiyono, SU.
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/



x 
 

LIST OF FIGURES 

Figure  
Page 

1.1. Shallot production, harvest area, and Productivity in Indonesia 
from 2008 – 2016 (BPS - Statistics Indonesia and Directorate 
General of Horticulture/ Badan Pusat Statistik dan Direktorat 
Jenderal Hortikultura) ................................................................ 

 

1 

2.1. Shallot bulb     ................................................................................. 
 

7 

2.2. Multiplier onion bulb      .................................................................. 
 

7 

2.3. Onion bulb     .................................................................................. 
 

7 

2.4. Purple blotch symptom: (a) on onion leaves (Black et al., 2012); 
(b) on shallot leaves (Survey on CIAT-UGM experimental field, 
2013); (c) on the neck of shallot bulb (Survey on Bantul, 2014) 

 

8 

2.5. Spore of Alternaria porri    .......................................................... 
 

9 

2.6. Dark brown to black sporulation on leaves caused by 
Stemphylium sp. (Black, et al., 2012)     .................................... 

 
14 

2.7. Spore of Stemphylium vesicarium  ................................................. 
 

15 

2.8. Symptom of anthracnose disease on shallot   ................................ 16 

2.9. Conidia of Colletotrichum sp.  ........................................................ 
 

17 

3.1. Purple blotch symptom on shallot leaves     ................................... 
 

38 

3.2 In-situ conidia resembling Alternaria sp. observed from shallot 
crops in CIAT-UGM experimental field and in Donotirto 
villages, Bantul Regency, Special Region of Yogyakarta. Bar 
represents 100 µm      ................................................................ 

 

38 

3.3. In-situ conidia resembling Stemphylium sp. observed from shallot 
crops in Tirtohargo and Gading Sari villages, Bantul Regency, 
Special Region of Yogyakarta, Bar represents 100 µm     ....... 

38 

3.4. Dendogram showing relatedness of 13 fungal isolates from 
shallot leaves having purple blotch symptom based on rep-
PCR using BOX A1R primer     ................................................. 

40 

3.5. 
Dendogram showing relatedness of 13 fungal isolates from 

shallot leaves having purple blotch symptom based on rep-
PCR using ERIC2 primer     ....................................................... 

40 

3.6. Dendogram showing relatedness of 13 fungal isolates from 
shallot leaves having purple blotch symptom based on 
accumulation of ERIC2 and BOX PCR Analysis     ................... 

 

40 

 

SUPPRESSION OF MAIN FUNGAL FOLIAR DISEASES  OF SHALLOT IN INDONESIA BY PLANT
ASSOCIATED BACTERIA
ORIGINATED FROM SHALLOT LEAVES
MAYAVIRA V. HAHULY, Prof. Dr. Ir. Siti Subandiyah, M.Agr.Sc; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Dr. Ir. Christanti Sumardiyono, SU.
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/



xi 
 

Figure  Page 

3.7. PCR product of 13 fungal isolates from shallot having purple 
blotch symptom and 1 isolate of Fusarium sp. as control on 1 
% agarose gel   ................................................................... 

 

41 

3.8.  Phylogenetic tree constructed by using Neighbor Joining Tree 
statistical method through 1000 replication of Bootstrap test 
method and Maximum Composite Likelyhood model based on 
sequences of ITS1 and ITS2 region using 
Dir1ITSAlt/Inv1ITSAlt primers specific for Alternaria genus 

 

42 

3.9. Pattern of nucleotide sequence comparison of 10 published 
sequences and 13 collected isolate sequences generated by 
Multalin version 5.4.1 program................................................... 

 

42 

3.10. Colony morphology of 13 fungal isolates of shallot  from upper & 
reverse side   ............................................................................. 

46 

3.11. PCR product of fungal isolates re-isolated from shallot leaves on 
pathogenicity test on 1% agarose gel ....................................... 

 
48 

4.1. Antagonist test of Plant Associated Bacteria against Alternaria 
porri on PDA. ......................................................................... 

 
52 

4.2. Abundance of cultured-able Bacteria isolated from farmers shallot 
crops in Bantul and Nganjuk Districts at dry and wet season 
from healthy and diseased shallot plants      .............................. 

 

63 

4.3. Representative of 14 colony morphology under light microscope 
at 100x magnification    .............................................................. 

 
66 

4.4. BOX-PCR result showing variation in band pattern of 53 isolates 
in figures (A), (B), (C), and (D)     ............................................... 

 
69 

4.5. Grouping of 53 isolates based on BOX-PCR and analysis with 
NTsys program........................................................................... 

 
70 

4.6. Analysis of 26 isolates representing each group in the 1st, 2nd, & 
3rd analysis  .............................................................................. 

71 

4.7. Hypersensitive reaction of isolate 7, isolate 8, and isolate 28 that 
causing necrosis on tobacco leaf at the sixth day after 
inoculation     .............................................................................. 

72 

4.8. Phylogenetic tree constructed based on 16S rRNA gene fragment 
sequence of the eight indigenous isolates and with 18 
published sequences.................................................................. 

77 

4.9. Inhibition of A. porri by six isolates and two combinations of 
isolates in PDA plate at seven days after treatment    ............... 

79 

4.10. Light microscopy figures of disrupted hyphae on the antagonist 
zone of Bacillus species and A. porri at seven days after 
treatment, (a) normal hyphae; (b) hyphae showing excessive 
vacuole; (c) cells malformation. Bar representing 100 µm    ..... 

80 

 

SUPPRESSION OF MAIN FUNGAL FOLIAR DISEASES  OF SHALLOT IN INDONESIA BY PLANT
ASSOCIATED BACTERIA
ORIGINATED FROM SHALLOT LEAVES
MAYAVIRA V. HAHULY, Prof. Dr. Ir. Siti Subandiyah, M.Agr.Sc; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Dr. Ir. Christanti Sumardiyono, SU.
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/



xii 
 

Figure  Page 

4.11. Inhibition of A. porri at day-7 after treatment by CFS of B. 
methylotrophicus (isolate 60) and B. subtilis (isolate 9): (A) 
isolate 60 CFS-heat treatment; (B) isolate 60 CFS-SDS 
treatment; (C) isolate 9 CFS-heat treatment; (D) isolate 9 CFS-
SDS treatment; (E) control     ..................................................... 

 

85 

4.12. Chromatogram of ethyl acetate extract of Cell Free Supernatant 
of 48-hour culture on Nutrient Broth of bacteria isolate 60 (B. 
methylotrophicus) identified through GC-MS     ......................... 

 

86 

4.13. The Gas Chromatogram of ethyl acetate extract of Cell Free 
Supernatant of 48-hour culture on Nutrient Broth of bacteria 
isolate 9 (Bacillus subtilis)  identified through GC-MS     ........... 

 

87 

5.1. Disease incidence on shallot at day-5 post inoculation; treatment 
having same notation in white letter was not significantly 
different in DMRT 5% ................................................................ 

 

96 

5.2. Total phenol concentration in shallot leaves treated with Plant 
Associated Bacteria Bacillus methylotrophicus, B. subtilis, 
Pseudomonas aeruginosa, B. aerophilus and B. tequilensis, 
and inoculated with Alternaria porri     ....................................... 

 

98 

5.3. Peroxidase activity in shallot leaves treated with Plant Associated 
Bacteria Bacillus methylotrophicus, B. subtilis, Pseudomonas 
aeruginosa, B. aerophilus and B. tequilensis, and inoculated 
with Alternaria porri assessed at 1, 3, and 5 days after A. porri 
inoculation     .............................................................................. 

 

102 

5.4. Salicylic acid concentration in shallot leaves assessed at day-5 
post Alternaria porri inoculation     ............................................. 

 
103 

6.1. Shallot plant showing anthracnose disease caused by 
Colletotrichum gloeosporioides .................................................. 

 
113 

6.2. Anthracnose disease incidence curve of shallot crops treated with 
PAB ............................................................................................ 

 
115 

6.3. Area Under Disese Progress Curve (AUDPC) of disease 
incidence of shallot crops treated with PAB  .............................. 

 
116 

6.4. Germination of shallot bulb after introduced with PAB isolates ... 
 

119 

6.5. Plant height (A) and number of leaves (B) of shallot plants treated 
with PAB in bulb dipping plus soil drenching method 
experiment  ................................................................................ 

121 

6.6. Plant height (A) and number of leaves (B) of shallot plants treated 
with PAB in foliar spraying method experiment  ........................ 

 

121 

SUPPRESSION OF MAIN FUNGAL FOLIAR DISEASES  OF SHALLOT IN INDONESIA BY PLANT
ASSOCIATED BACTERIA
ORIGINATED FROM SHALLOT LEAVES
MAYAVIRA V. HAHULY, Prof. Dr. Ir. Siti Subandiyah, M.Agr.Sc; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Dr. Ir. Christanti Sumardiyono, SU.
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/



xiii 
 

 

Figure  Page 

6.7. Fresh weight of shallot bulb and leaves and dry weight of shallot 
bulb (Kg m2) in bulb dipping plus soil drenching method 
experiment ................................................................................. 

 

122 

6.8. Fresh weight of shallot bulb and leaves and dry weight of shallot 
bulb (Kg m2) in foliar spraying method experiment   .................. 

122 

 

  

SUPPRESSION OF MAIN FUNGAL FOLIAR DISEASES  OF SHALLOT IN INDONESIA BY PLANT
ASSOCIATED BACTERIA
ORIGINATED FROM SHALLOT LEAVES
MAYAVIRA V. HAHULY, Prof. Dr. Ir. Siti Subandiyah, M.Agr.Sc; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Dr. Ir. Christanti Sumardiyono, SU.
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/




