
iv 

 

LIST OF CONTENT 

 

   Page 

STATEMENT OF ORIGINALITY …………………………….………......... i 

ACKNOWLEDGEMENTS ……………………………….…………………. ii 

LIST OF CONTENT  ……………………………………………………….... iv 

LIST OF TABLE …………………………………………………………....... vii 

LIST OF FIGURE ……………………………………………………………. x 

ABSTRACT ………………………………………………..………………… xiii 

ABSTRAK ......................................................................... ............................... xiv 

   

I. INTRODUCTION ………………………………………….………… 1 

 A. Background of Research ………………………………………….. 1 

 B. Aims of Research …………………………………………………. 5 

    

II. LITERATURE REVIEW……………………………………………... 6 

 A. Literature Review …………………………………….................... 6 

 1. Citrus …………………………………………………………. 6 

 2. Huanglongbing ……………………………………………….. 7 

 a. History ……………………………………………………. 7 

 b. Symptom ………………………………………................. 8 

 c. The Pathogen …………………………………………….. 9 

 d. Transmission of the Disease ………………………............ 12 

 e. Hosts of the Pathogen …………………………………..... 13 

 3. Huanglongbing Development and Nutrition Factors  ……....... 14 

 a. Disease Development ………………….…………………. 14 

 b. The role of plant nutrients in HLB development ……….... 16 

 B. Basic Theory ……………………................................................... 20 

 C. Hypothesis ………………………………………………............... 23 

    

III. METHODS………………………………………………………….... 24 

 A. Location and Time ………………………………………………... 24 

 B. Plant Materials ……………………………………………………. 24 

 C. Experimental Design ……………………………………………… 25 

 1. Field Experiment  25 

 Effect of Mg(NO3)2, ZnSO4, and FeSO4 foliar spray, and SP 

36 soil application on five years age HLB tree ......................... 25 

 2. Screen house Experiments  

 a. Effect of FeSO4 and ZnSO4 foliar spray on one year age 

HLB...................................................................................... 28 

Delay the development of huanglongbing disease through management of fertilizer application
ARLYNA BUDI PUSTIKA, SP.,MP., Prof.Dr.Ir.Siti Subandiyah, M.Agr.Sc; Prof.Dr.Ir.Susamto Somowiyarjo,M.Sc.; Prof.Dr.Ir. Christanti Sumardiyono, SU.
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/



v 

 

        Page 

 b. Effect of various concentration of Fe and P fertilizer 

enriched to the growing medium to one year age HLB 

trees ..................................................................................... 29 

 D. Experiment Procedure ………………………………………........ 31 

 1. Detection of the presence of ‘Candidatus Liberibacter 

asiaticus’ in trees with PCR method .……………………........ 32 

 2. Determining lignification of phloem cell in midrib...……….... 34 

 3. Determining intensity of the disease ………………………..... 34 

 4. Determining chlorophyll concentration in leaf  ........................ 38 

 5. Determining nutrient concentration in leaf ......…………......... 39 

 6. Determining peroxidase activity …………………................... 40 

 7. Measuring growth and yield ……………………………......... 41 

 8. Statistical analysis …………………………............................. 42 

   

IV. RESULT AND DISCUSSION ……………………………………..... 43 

 A. Effect of Mg(NO3)2, ZnSO4, and FeSO4 foliar spray, and SP 36 

soil application on five years age of HLB Siem mandarin trees .... 43 

 1. The effect of Mg(NO3)2, ZnSO4, and FeSO4 foliar spray, and 

SP 36 soil application  on the presence of ‘Candidatus L. 

asiaticus’ in trees  ...................................................................... 43 

 2. The effect of  Mg(NO3)2, ZnSO4, and FeSO4 foliar spray, and 

SP 36 soil application on the lignification of phloem cells ...... 49 

 3. The effect of  Mg(NO3)2, ZnSO4, and FeSO4 foliar spray, and 

SP 36 soil application on disease intensity .......….................... 51 

 4. The effect of  Mg(NO3)2, ZnSO4, and FeSO4 foliar spray, and 

SP 36 soil application on chlorophyll concentration in leaf ..... 55 

 5. The effect of  Mg(NO3)2, ZnSO4, and FeSO4 foliar spray, and 

SP 36 soil application on  nutrient concentration in leaf .......... 58 

 6. The effect of  Mg(NO3)2, ZnSO4, and FeSO4 foliar spray, and 

SP 36 soil application on peroxidase activity ……....……....... 65 

 7. The effect of  Mg(NO3)2, ZnSO4, and FeSO4 foliar spray, and 

SP 36 soil application on trees growth and yield ...................... 68 

 B. Effect of FeSO4 and ZnSO4 foliar spray on one year age of HLB 

Siem mandarin trees ....................................................................... 86 

 1. The effect  of FeSO4 and ZnSO4 foliar spray on the presence 

of ‘Candidatus L. asiaticus’ in trees ……................................ 87 

 2. The effect  of FeSO4 and ZnSO4 foliar spray on the 

lignification of phloem cells in midrib ..................................... 90 

 3. The effect  of FeSO4 and ZnSO4 foliar spray on disease 

intensity..................................................................................... 90 

 4. The effect  of FeSO4 and ZnSO4 foliar spray on chlorophyll 

concentration in leaf ................................................................. 93 

Delay the development of huanglongbing disease through management of fertilizer application
ARLYNA BUDI PUSTIKA, SP.,MP., Prof.Dr.Ir.Siti Subandiyah, M.Agr.Sc; Prof.Dr.Ir.Susamto Somowiyarjo,M.Sc.; Prof.Dr.Ir. Christanti Sumardiyono, SU.
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/



vi 

 

   

  Page 

 5. The effect  of FeSO4 and ZnSO4 foliar spray on  nutrient 

concentration in leaf ......……………………............................ 96 

 6. The effect  of FeSO4 and ZnSO4 foliar spray on peroxidase 

activity ....................................................................................... 103 

 7. The effect  of FeSO4 and ZnSO4 foliar spray on trees growth 

and yield ....................................…........................................... 104 

 C. Effect of various concentration of Fe and P fertilizer enriched to 

the growing medium on one year age of HLB Siem mandarin 

trees ................................................................................................. 121 

 1. The effect  of various concentration of Fe and P fertilizer on 

the presence of ‘Candidatus L. asiaticus’ in trees  ................... 123 

 2. The effect  of various concentration of Fe and P fertilizer on 

the lignification of midrib phloem cells ................................... 127 

 3. The effect  of various concentration of Fe and P fertilizer on 

disease intensity .......……........................................................ 129 

 4. The effect  of various concentration of Fe and P fertilizer on 

chlorophyll concentration in leaf ............................................. 134 

 5. The effect  of various concentration of Fe and P fertilizer on  

nutrient concentration in leaf ................................................... 137 

 6. The effect  of various concentration of Fe and P fertilizer on 

peroxidase activity ................................................................... 

 

148 

 7. The effect  of various concentration of Fe and P fertilizer on 

the components of trees growth................................................ 150 

 

 

V. 

 

GENERAL DISCUSSION ................................. ................................. 

 

175 

VI. CONCLUSION AND SUGGESTION ................................................. 185 

VII. SUMMARY .......................................................................................... 186 

 

REFERENCES ................................................................................................          190 

 

APPENDIX ......................................................................................................         225 

   

   

   

   

   

   

   

   

   

   

Delay the development of huanglongbing disease through management of fertilizer application
ARLYNA BUDI PUSTIKA, SP.,MP., Prof.Dr.Ir.Siti Subandiyah, M.Agr.Sc; Prof.Dr.Ir.Susamto Somowiyarjo,M.Sc.; Prof.Dr.Ir. Christanti Sumardiyono, SU.
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/




