Stud)l/ of Physiological Parameters and Antioxidants in Response to Harvest Stress and Tapping
Pane

Dryness in Latex of Hevea Brasiliensis (Willd. ex A. Juss.) Muell Arg.

UNIVERSITAS JUNAIDI, Prof. Siti Subandiyah; Dr. Tri Rini Nuringtyas; Dr. Pascal Montoro

GADJAH MADA Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

TABLE OF CONTENT

VALIDATION OF THE DEAN .....coiiiininninsninsensecssissesssesssessssssessssssssssessasssssses ii
VALIDATION OF DISSERTATION PROMOTOR TEAM.......cccvvivvurcrensuccnces iii
VALIDATION OF DISSERTATION EXAMINERS ......ccovieniinsninsnncssencsanesnsonns iv
DECLARATION OF RESEARCH AUTHENTICITY ..uccvirsnnensunssensessacsassansnns v
ACKNOWLEDGMENT ...cuiiniininsniisenssncsnississssssessssssssssessssssssssesssssssssssssssssssssasssses vi
RESUME SUBSTANTIEL....ccutuueiumnermmcsmnscnsssssssesssscssssessssssssssssssssssssssssssssessasessess vii
TABLE OF CONTENT ....cuuiiiiniiticsensecssicssecssssnsssecsssssssssessssssssssssssssssssssssssssassane Xix
LIST OF TABLES ....cuuiiitiiinuinennicssinssissnissesssssssssssssssssssssssssssssssssssssssssssssssssses xxii
LIST OF FIGURES .....uutiiiviiinnninsnncssnnicssssisssssessssssssssssssssssssssssssssssssssssssssssssses xxiii
SYMBOLS AND ABBREVIATION ....cucovinvinsuinsnissensansserssesssessssssessasssssssessssssnss XXV
ABSTRACT .aucoiieiiinnricssnnicsssnncsssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss XXXii
RESUME...u.oucuvetencrercnesessesssessesssessssssssssessssessssessssssssssssesssssssessssssssssssessesssasaes XXXIV
ABSTRAK ..uuuiiiiiiintiiinnnicnnnicsssnssssstessssnssssssssssssssssssssssssssssssossssssssssssssssssssssssssns XXXVi
L INTRODUCTION ...uuconiiisinsrensnesseissecssessssssasssncsssssasssessassssssssssssssasssssssssssssssssssssassae 1
AL BaCKGIOUNA ...ttt ettt ettt e eaee 1

B. Research QUESHIONS .......ccuviiiiuiieeiiieciie ettt vee e eareeeaneas 7

C. ReSEATCh ODJECHIVES ...cuvvieuiieiieeiiieeiie ettt ettt ettt e st ieeeeaeeseesnnes 8

D. Research AUthentiCity .......c.coevieiiieiieeiieiieie et 10

E. Research OULCOMES .........oeuiiriiiiiieiieeiie ettt ettt sae e 19

II. LITERATURE STUDY .ucouiininninninsunssensesssesssnssesssnsssssssssssssssssssssssssssssssssssssssssse 21
A. Biology of Hevea Brasiliensis ...........ccueucueeecueeeecreeeiieeeeieeeeiieeseiieesaeeenvee e 21

1. History of rubber cultivation .............ccccueeeiieriieeiiienieeiiece e 21

2. Biology of Hevea brasiliensis ...........c..cccueeecueeeecieeecieeeiieeecieeeeree e 23

3. The 1atiCifer Cell .......ooiiiiiiiiiieiiee e 25

4. The TULOTA ..ttt et 27

B. Rubber Biosynthesis and Latex Harvesting System..........cccccceevevveerciieenneenne. 28

1. Rubber biosynthesis pathways ..........cccceecuieriiiiiiiniiieiieeie e 28

2. Rubber biosynthesis-related genes ..........cccceeveeeeieeeiieeecieeeieeeee e, 30

3. LateX harvesting PractiCe ........cccc.eecveerieesiienieeiieniie e eniee et eiee e eeee e 31

4. Ethephon Stimulation...........cceeeiiieeiiieiiie e 34

C. Tapping Panel Dryness (TPD) ......oooouiieiiiiiiieeeeee e 37

L. TPD SYMPLOM .ueviiiiiiieiiie ettt ettt ettt ettt e et e e 37

X1X



Stud)l/ of Physiological Parameters and Antioxidants in Response to Harvest Stress and Tapping
Pane

Dryness in Latex of Hevea Brasiliensis (Willd. ex A. Juss.) Muell Arg.

UNIVERSITAS JUNAIDI, Prof. Siti Subandiyah; Dr. Tri Rini Nuringtyas; Dr. Pascal Montoro

GADJAH MADA Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

2. TWO types Of TPD ..cc.uiiiieiieee e 39

3. Reactive oxygen species (ROS) related to TPD.........coocvvevcviivciiiniieeiee 40

4. Genomic and transcriptomic analyses of TPD ..........cccocivviiniiinieniiiiinene 41
D. Latex Diagnosis (LD)......cccuieriieiieiieeiieeieese ettt 43
L. LD PATAMETETS ....vveeeeiiiieeeeeiieeeeeitteeeeeit e e e et e e e et ee e esnaaeeessnnreeesennsaeeeenns 43

2. LD parameters evolution in relation to the harvesting system.................... 44

3. LD application in rubber research and plantations.............ccceeeevveerciieennnenne 45

E. Latex Antioxidants and Scavenging Enzymes ..........cccccccveevvveenciieencieeenneeenne, 49
1. Ascorbate DIOSYNRESIS .....c..eevuiiiiieiiieiieciie et 49

2. Glutathione bioSYNthESIS .....cccuviiiiieeeiieeciie e 50

3. Tocotrienol bIOSYNtRESIS ......ccceviieiieriiieiieie et 51

4. Redox mechanism in ROS scavenging process ........ccceeeeeeeeveeeriveeerveeennnns 53

5. Variability of antioxidants in plant and Hevea brasiliensis ........................ 55

F. Theoretical Back@round..............cccoeiieiiieiiiiiiiiiieieeieeee e 55
G. HYPOLNESES ..ottt ettt e saaeensee s 57
III. RESEARCH METHODOLOGY ...ccovuirrersuinsunssensaessanssessansssssesssssssssssssasssssssesss 59
AL RESCAICH SCOPE ..ttt e 59
B. RESCAICH STteS....cuviiiiiiiiiie ettt e 59
C. Experimental Design and Planting Materials...........ccccoeevveriiieenciieenieecieeee, 60

1. Clonal variation of latex antioxidants in five recommended rubber clones 60
2. Study of the effect of tapping and stimulation on the yield, latex flow, and

antioX1dants PAraAMELETS ........cccveeeriieeriieerieeeeieeerteeeireeeeeeeereeesreeeseaeeenes 61
3. Study of the effect of TPD 0CCUITENCE.......cceevvieiiieiieiieeieeiie e 61
4. Phenotypic variability and genetic analysis of main antioxidant parameters
.................................................................................................................... 62
D MALETIALS ...ttt 63
1. LateX and SEIUM ......c..ooiuiiiiiiiiieiieie ettt 63
2. CREMICALS ...ttt 64
E. EQUIPIMEIL.....oiiiiiiiiiiiieiieeiietee ettt ettt ettt e be b e snaeesee s 65
FoMELhOAS ..ot 66
1. Yield calculation ...........coouiiiiiiiiiiie e 66
2. Initial latex flow (IF) and plugging index (PI).......cccccceviiiiiiiniieniiniieee 66
3. Bursting index (BI)......ooouiiiiiiiiiie e 67
4. Total solid content (TSC) ....cccuvieeiiiieiieecee e 68
5. SuCToSe CONLENE (SUC) ..cuviiiiiieeiiieeiiie et e eeiee et e e sereeeee e e e e sreeesbeeeenaeeen 68
6. Inorganic phosphorus content (P1) .........ccceevvieeiiieniiniiieieeieee e 68
7. Thiols content (RSH) ......coooiiiiiiiiiiie e 69
8. Reduced ascorbate (AsA) and oxidised ascorbate (DHA) quantification... 69
9. Reduced glutathione (GSH) and oxidised glutathione (GSSG)

QUANTITICATION ..ottt ettt ettt st e e e e eseesaee e 70

XX



UNIVERSITAS

Stud)l/ of Physiological Parameters and Antioxidants in Response to Harvest Stress and Tapping
Pane

Dryness in Latex of Hevea Brasiliensis (Willd. ex A. Juss.) Muell Arg.

JUNAIDI, Prof. Siti Subandiyah; Dr. Tri Rini Nuringtyas; Dr. Pascal Montoro

GADJAH MADA Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

10. Nicotinamide adenine dinucleotide (NAD) and reduced nicotinamide

adenine dinucleotide (NADH) determination............ccceeeeveevcvieencveeenneeenne 71
11. Nicotinamide adenine dinucleotide phosphate (NADP), and reduced

nicotinamide adenine dinucleotide phosphate (NADPH) ..........cccuveennee. 72
12. Dry Cut Length (DCL) Measurement ............cceeeveeieenveerieeneeenieesneenenens 72

13. Heritability and Best Linear Unbiased Prediction (BLUP) calculation .... 72
14. Quantitative Trait Locus (QTL) mapping on antioxidants-related traits .. 73

G. Data ANALYSIS c.eeeeiiiiiieiieiie ettt ettt sttt snae s 73
| XY 2 DN 51 1 N 75
A. Clonal Variability of Antioxidants in Latex Hevea brasiliensis ..................... 75
B. Effect of Tapping Frequency and Ethephon Stimulation...........c...c.cooenneee. 77
C. Effect of TPD OCCUITENCE ......ccceuvieeiiieeiieeeciiee et eeieeeeveeeevee e e e enevee e 83
D. Alteration in the Ratio of Glutathione in the Reduced Thiols Content........... 89
E. Phenotypic Variability of Eight Recommended Rubber Clones..................... 89
F. Heritability of Some AntioXidantS..........ccceervuieeriieeiiieeieeeieeeiee e 91
G. QTL Mapping of Latex Antioxidants-related TraitS..........c.ccceercueeerveeenneennee. 91
V. DISCUSSION ..uuuioiinuiirnicrnisncssicssscssssnsssessssssesssesssssssssssssssssssssessssssssssssssssssssssssae 93
A. Analysis of Oxidised and Reduced Antioxidants Improved the Knowledge of
Antioxidant Regulation in Hevea brasiliensis LateX .........cccccccvveevereeencveeennnen. 93
B. RSH Remains a Good Physiological Marker of Latex Metabolism if
Supported by Reference Data............cccveeeeiieeiiiieiiiecieccie e 95
C. RSH Relationship with other Physiological Parameters ............c.cccccvveennennnee. 99
D. First Attempt on QTL Analysis on Latex Antioxidants-related Traits ......... 102
VI. CONCLUSION AND PERSPECTIVE ......coiiininniinsninsninssercssssssssssssssssssnses 103
AL CONCIUSION. ...ttt ettt ettt bee b e e s e easeenee 103
B PeISPECTIVE....eiiiiieiiieiie ettt ettt ettt ettt et eebeesnbeenseeenseenne 104
EXECUTIVE SUMMARY ..ccuiininsunnsensissenssesssessanssssssssssesssssssssssssassssssssssssssssssssses 107
RINGKASAN EKSEKUTIEF ...cuuiiiiniisnsensninsenssnnsncssessesssessssssssssssssssssssessssssassns 118
REFERENCES .....uuiiiiitiniiiinnaisssisssnssesssnsssisssssssssssssssssssssssssssssssssssssssssssssssssasssss 129

xx1



