
 
 

 
 
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 
 

THE EFFECTS OF MOISTURE CONTENT AND TEMPERATURE ON 
THE STORABILITY OF AN ORTHODOX, INTERMEDIATE AND A 

RECALCITRANT FOREST TREE SEED 
 
 
 
 
 
 

JAYANTHI NADARAJAN 
 
 
 
 
 
 

FP 1999 10 
 
 



THE EFFECTS OF MOISTURE CONTENT AND TEMPERATURE ON THE 
STORABILITY OF AN ORTHODOX, INTERMEDIATE AND A 

RECALCITRANT FOREST TREE SEED 

By 

JAY ANTill NADARAJAN 

Thesis Submitted in Fulfillment of the Requirements for the 
Degree of Master in Agricultural Science in the 

Faculty of Agriculture 
Universiti Putra Malaysia 

June 1999 



DEDICATED 

To My Beloved 

Husband 

Ponmuthu 

Parents 

Sisters and Brothers 

And Above All 

To 

LORD SIVA 



ACKNOWLEDGEMENTS 

I am taking this opportunity to express my sincere gratitude to Universiti Putra 

Malaysia (UPM) and in particular the Faculty of Agriculture and to Forest Research 

Institute Malaysia (FRIM) for enabling this study to be carried out. My sincere thanks 

also goes to the International Plant Genetic Resource Institute (IPGRI), Rome for 

financial support through their grant No. IPGRI.96 / 055 (FRIM- A8?). 

I am extremely grateful to my supervisor Associate Professor Dr Hor Vue Luan 

for his stimulating discussions, constant encouragement, dedicated efforts throughout the 

execution of this research. My sincere thanks also to my co-supervisors Dr Daniel 

Baskaran Krishnapillay and Dr Jamaluddin Bassarudin, for their advice, constant 

encouragement and guidance throughout this study. 

To Dr Marzalina, Tsan Fui Ying and Nashatul Zaimah for their advice and 

guidance throughout the execution of this research. Thanks are also due to the seed 

collection team at Seed Technology Laboratory, FRIM, Mr. Ang Khoon Cheng, Juntak 

and Ramli who were very helpful in collecting the experimental materials without which 

this study would not have been completed in time. Not forgotten also are all the staffs 

at Seed Technology Laboratory, FRIM especially to Puan Zaiton, Ms. Fadzlinah, Puan 

Hamsinah, and Puan Siti Hasanah who have given their full support in one way or 

another. 

To my beloved husband whose love gave me the strength and inspiration 

throughout the course of this study. Thanks is also due to all my family members for 

their understanding and support. 

And lastly but not least to LORD SIVA for EVERYTHING! 

iii 



TABLE OF CONTENTS 

Page 

ACKNOWLEDGEMENTS ... . .... . . . .  '" . . . . . . . . .  '" . . . . . . . . .  '" . . . . . . . . .  '" . . . .  iii 
LIST OF TABLES.... . . . . . . . . ... . .. . . . . .. ..................... ... .................. Vlll 
LIST OF FIGURES ...... . .. . ....... . ... '" ......... '" ......... '" ... ... ... ... ..... XlV 
LIST OF PLATES... .. . .. . . . .. . . . . . . . . . ..... ......... ... ........................... XVI 
LIST OF ABBREVIATIONS.............................. .............................. XVlll 
ABSTRACT . . ...... . . . . . . .... '" ......... '" ......... '" ......... '" ......... '" .. . ... XlX 
ABSTRAK ......... '" ......... '" ......... '" ..................... '" ......... '" .... XX111 

CHAPTER 

I 

IT 

INTRODlJCTION . . . . . . . ............... . . . . . . . . . . . . . ........ . .. . . . . . 1 

LITERATlJRE RE�W . . . . . . . . . . . . . . ......... . . . ...... . . . . .. . . .  . 10  

Present State of Tropical Forest Tree Seed Storage.. .  . . . . . . . .  10  
Imbibed Storage in Saw Dust, Ground Charcoal, Perlite 
and Verculite . . .  .. . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . .  . .  . . .  . . .  . . . .  . .  . . .  . . .  . . .  . 12  
Storage in Airtight Containers or under Partial Vacuum 
Conditions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
Storage in Inflated Bags under Different Gaseous 
Environment Such as Oxygen, Carbon Dioxide and 
Nitrogen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
Storage Using Germination Inhibitors. . .  . . .  . .. . . .  . .  . . . .  . . . . . .  .. 1 5  
Storage Using Fungicide Treatment Followed by Partial 
Desiccation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 

Seed Classification and Characteristics. . . . . . . . . . . . . . . . . . . . . . . . . 1 7  
Effect of Moisture Content on Seed Storage . . . . .. . . .  '" '" . . . .  20 
Effect of Temperature Seed Storage. . .  . . . . .. . . . . . .  . . .  . . .  . . .  . . . . . 22 
Interrelationship of Temperature and Seed Moisture 
Content on Seed Storage Life. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  24 

Cryopreservation of Forest Tree Species . . . . . .. . .... . . . . . . . . . . . 27 

ill MATERIALS AND METHODS. . . . . . . . . . . . . . . . . . . ... . . .. . . . . . . . .  30 

Study Layout ... . ... ..... . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .... . . . .  . 
Seed Materials, Sampling and Temporary Storage ... '" ... .. 
Experimental Procedures . . . . . . . . . . . . ..... . . . . . . . . . . . . . . . . . .... .  . 

Seed Washing and Fungicides Application . . . . . . . . . .. . . . . . . . . . . 
Regulation of Target Seeds / Embryo Moisture . . . . . . . . . . . . . .  . 

iv 

30 
3 1  
32 
32 
33 



Seed Packaging and Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Glassware and Cleaning for In Vitro (Cryopreservation) 
Studies . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . .  . 
Stock solution and Culture Media Preparation . . . . . . . . . . . . . .  . 
Excision, Surface Sterilization and Desiccation of Embryos. 
Cooling and Thawing Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Incubation of Cultures . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . .  . 

Measurement and Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Moisture Content '" . . . . . . .. . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Germination and Germination Index . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Seedling Dry Weight . . .. . . .. . . . . . . . . . . . . . .. . .. ... . .. .. . . . . . . . . . .  . 
Viability of In Vitro Cultured Embryos . . . . . . . . . . . . . . . . . . . . . . .  . 

Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Part I: The Effects of Desiccation on Germination of 
Three Categories of Seeds . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . 

Experiment I(a): Effects of Desiccation on 
Germination of an Orthodox Seed (Instia 
palembanica) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Experiment I(b): Effects of Desiccation on 
Germination of an Intermediate Seed (Swietenia 
macrophylla) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Experiment ICc): Effects of Desiccation on 
Germination of a Recalcitrant Seed (Hopea 
odorata) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Part D: The Effects of Storage Temperature on 
Germination of Three Categories of seeds . . . . . . . . . . . . . . . . 

Experiment D(a): Effects of Storage 
Temperature on Germination of an Orthodox 
Seed (Instia palembanica) . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Experiment D(b): Effects of Storage 
Temperature on Germination of an Intermediate 
Seed (Swietenia macrophylla) . . . . . . . . . . . . . . . . . . . . . .  . 
Experiment D(e): Effects of Storage 
Temperature on Germination of a Recalcitrant 
Seed (Hopea odorata) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Part m: Effects of Moisture Contents and Storage 
Temperatures on Germination of Three Categories of 
Seeds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Experiment mea): Effects of Moisture Contents 
and Storage Temperatures on Germination of an 
Orthodox Seed (Instia palembanica) . . . . . . . . . . . . . .  . 
Experiment m(b): Effects of Moisture Contents 
and Storage Temperatures on Germination of an 
Intermediate Seed (Swietenia macrophylla) . . . . .  . 

Experiment DI(c): The Combined Effects of 

v 

33 

34 
34 
35 
37 
38 
38 
38 
40 
40 
41  
4 1  

4 1  

4 1  

42 

42 

42 

43 

44 

45 

45 

46 

46 



IV 

Moisture Contents and Storage Temperatures on 
Viability of a Recalcitrant Seed (Hopea odorata) . . . .  47 

Part IV: Effects of Desiccation on Survival of the 
Three Categories of Seeds In Liquid Nitrogen . . . . . . . . . . . 47 

Experiment IV(a): Effects of Desiccation on 
Survival of Instia palembanica Embryos In Liquid 
Nitrogen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 
Experiment IV(b): Effects of Desiccation on 
Survival of Swietenia macrophylla Embryos In 
Liquid Nitrogen. . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 
Experiment IV(c): Effects of Desiccation on 
Survival of Hopea odorata embryos In Liquid 
Nitrogen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  49 

Statistical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 

RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 50 
Part I: Effects of Desiccation on Germination of 
Three Categories of Seeds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Experiment I(a): Effects of Desiccation on 
Germination of an Orthodox Seed (Instia 
palembanica) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Experiment I(b): Effects of Desiccation on 
Germination of an Intermediate Seed (Swietenia 
macrophylla) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

Experiment I(c): Effects of Desiccation on 
Germination of a Recalcitrant Seed (Hopea 
adorata) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . 57 

Part II: The Effects of Storage Temperature on 
Germination of Three Categories of Seeds... . . . . . . . . . . . . .  60 

Experiment lI(a): Effects of Storage 
Temperature on Germination of An Orthodox 
Seed (Instia palembanica) . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Experiment lI(b): Effects of Storage 
Temperature on Germination of An Intermediate 
Seed (Swietenia macrophylla) . . . . . . . . . . . . . . . . . . . . . . . .  64 
Experiment ill(c): Effects of Storage 
Temperature on Germination of A Recalcitrant 
Seed (Hopea odorata) . . . . . . . . . . . . . . . . . . .  ,. . . .  . . .  . . .  . . . .  67 

Part ill: Effects of Moisture Content and Storage 
Temperature on Germination of Three Categories of 
Seeds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71  

Experiment ill(a): Effects of Moisture Content 

vi 



v 

VI 

and Storage Temperature on Germination of an 
Orthodox Seed (Instia palembanica) . . . . . . . . . . . . . . . .  71  
Experiment m(b): Effects of Moisture Content 
and Storage Temperature on Germination of an 
Intermediate Seed (Swietenia macrophylla) . . . . . .  . . .  76 
Experiment m(c): Effects of Moisture Content 
and Storage Temperature on Germination of a 
Recalcitrant Seed (Hopea odorata) . . . . . . . . . . . . . . . . . .  8 1  

Part IV: Effects of D�iccation on Survival of Embryos 
of Three Categories of Seeds Liquid Nitrogen . . .  . . .  . . .  . . .  . . .  84 

Experiment IV(a): Effects of Desiccation on 
Survival of Instia palembanica Embryo In Liquid 
Nitrogen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
Experiment IV(b): Effects of Desiccation on 
Survival of Swietenia macrophylla Embryo In 
Liquid Nitrogen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88 
Experiment IV(c): Effects of Desiccation on 
Survival of Hopea odorata Embryo In Liquid 
Nitrogen. . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93 

DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . .  , . . . .  . 97 

SUMMARY AND CONCLUSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 1 8 

BmLIOGRAPHY. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . . . 121  

APPENDIX 

Appendix A Murashige and Skoog (1962) Inorganic Salts and 
Vitamins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Appendix B ANOV A Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

BIOGRAPHICAL SKETCH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

vii 

1 3 1 

132 
133 

154 



Table 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

1 1  

12  

LIST OF TABLES 

Tropical Forest Tree Seeds Selected for the Study . . . . . . . . . . . . . . . . . . . . .  . 

Imbibied Storage of some Dipterocarp Species . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

A Summary of Lowest-safe Moisture Content (LSMC) Values for 
some Forest Tree Species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Optimum Storage Temperature Determined from Published 
Literature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Storage Results for Some Tropical Recalcitrant Species (Adapted 
from Bonner 1990) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Studies on Cryopreservation of Tropical Tree Germplasm at FRIM . . .  

Germination Percentage, Germination Index and Seedling Dry 
Weight of Instia palemhanica Seeds after Desiccation to Various 
Target Moistures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Germination Percentage, Germination Index and Seedling Dry 
Weight of Swietenia macrophylla Seeds after Desiccated to Various 
Target Moistures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Germination Percentage, Germination Index and Seedling Dry 
Weight of Hopea odorata Seeds after Desiccated to Various Target 
Moistures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Percentage Germination, Germination Index and Seedling Dry 
Weight of Instia palembanica Seeds Stored at Different 
Temperatures for 2 and 4 Weeks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Percentage Germination, Germination Index and Seedling Dry 
Weight of Swietenia macrophylla Seeds Stored at Different 
Temperatures for 2 and 4 Weeks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Percentage Germination, Germination Index and Seedling Dry 
Weight of Hopea odorata Seeds Stored at Different Temperatures 
for 2 and 4 Weeks . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

viii 

Page 

3 

13  

19  

24 

26 

29 

53 

56 

59 

63 

67 

70 



1 3  Percentage Germination of Instia palembanica Seeds Stored for 1 ,  3 ,  
6 and 9 Months at 3 Different Moistures and Temperatures . . . . . . . . . . . .  73 

14 Germination Index of Instia palembanica Seeds Stored for 1 ,  3 ,  6 
and 9 Months at 3 Different Moistures and Temperatures. . .  . . . . . . . . . . . .  74 

1 5  Seedling Dry Weight o f  Instia palembanica Seeds Stored for 1 ,  3 ,  6 
and 9 Months at 3 Different Moistures and Temperatures. . .  . . . . . . . . . . . .  75 

16  Percentage Germination of Swietenia macrophylla Seeds Stored for 
1 , 3, 6  and 9 Months at 3 Different Moisture and Temperatures. . . . . . .  78 

1 7  Germination Index of Swietenia macrophylla Seeds Stored for 1 ,  3 ,  
6 and 9 Months at 3 Different Moistures and Temperatures. . . . . . . . . . . .  79 

1 8  Seedling Dry Weight of Swietenia macrophylla Seeds Stored for 1 ,  
3 ,  6 and 9 Months at 3 Different Moistures and Temperatures. . .  . . . . . . 80 

19  Percentage Germination of Hopea odorata Seeds Stored for 1 and 3 
Months at 2 Different Moistures and 2 Temperatures. . . . . . . . . . . . . . . . . . . . 82 

20 Germination Index of Hopea odorata Seeds Stored for 1 and 3 
Months at 2 Different Moisture contents and 3 Temperatures . . . . . . . . . .  83 

2 1  Seedling Dry Weight of Hopea odorata Seeds Stored for 1 and 3 
Months at 2 Different Moisture contents and 3 Temperatures . . . . . . . . . .  83 

22 Percentage Viability of Cryopreserved and Non-cryopreserved 
Embryos of Instia palembanica at Selected Moisture Contents . . . . . . . . 85 

23 Percentage Viability of Cryopreserved and Non-cryopreserved 
Embryos of Swietenia macrophylla at Selected Moisture Contents . . . .  89 

24 Percentage Viability of Cryopreserved and Non-cryopreserved 
Embryos of Hopea odorata at Selected Moisture Contents. . . . . . . . . . . . . 94 

25 Summaries of Critical and Optimum Moisture Contents and Storage 
Temperatures of the Three Seeds Studied. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 13 

26 ANOV A Table of Percentage Germination of Instia palembanica 
Seeds at Five Different Moisture Contents. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  3 

27 ANOV A Table of Germination Index of Instia palembanica Seeds at 
Five Different Moisture Contents. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  133  

ix 



28 ANOVA Table of Seedling Dry Weight of Instia palembanica Seeds 
at Five Different Moisture Contents ............... ......................... 133  

29 ANOVA Table of Percentage Germination of Swietenia macrophylla 
Seeds at Six Different Moisture Contents ....................................... 1 34 

30 ANOV A Table of Germination Index of Swietenia macrophylla 
Seeds at Six Different Moisture Contents ... ...... . ....... ................ 1 34 

3 1  ANOVA Table of Seedling Dry Weight of Swietenia macrophylla 
Seeds at Six Different Moisture Contents ......... . ....................... 1 34 

32 ANOV A Table of Percentage Germination of Hopea odorata Seeds 
at Six Different Moisture Contents .. . . . . .. . . .. . . . . . . . . . . .. . . . ..... . . . . ... . .. 1 35  

33  ANOV A Table of Germination Index of Hopea odorata Seeds at Six 
Different Moisture Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 35  

34 ANOVA Table of Seedling Dry Weight of Hopea odorata Seeds at 
Six Different Moisture Contents ... . . ........................................ 1 35  

3 5  ANOV A Table of Percentage Germination of Instia palembanica 
Seeds Stored at Different Temperatures for Two Weeks ................ 1 36 

36 ANOV A Table of Percentage Germination of Instia palembanica 
Seeds Stored at Different Temperatures for Four Weeks ........ . ...... 136 

37 ANOV A Table of Germination Index of Instia palembanica Seeds 
Stored at Different Temperatures for Two Weeks .................. . ..... 1 36 

38 ANOV A Table of Germination Index of Instia palembanica Seeds 
Stored at Different Temperatures for Four Weeks ................... . .... 137  

39  ANOVA Table of Seedling Dry Weight of Instia palembanica Seeds 
Stored at Different Temperatures for Two Weeks ........................ 1 37 

40 ANOVA Table of Seedling Dry Weight of Instia palembanica Seeds 
Stored at Different Temperatures for Four Weeks ...... .............. .... 137  

4 1  ANOVA Table of Percentage Germination of Swietenia macrophylla 
Seeds Stored at Different Temperatures for Two Weeks ............... 1 3 8  

42 ANOVA Table of Percentage Germination of Swietenia macrophylla 
Seeds Stored at Different Temperatures for Four Weeks ... . . .......... 138 

x 



43 ANOV A Table of Germination Index of Swietenia macrophylla 
Seeds Stored at Different Temperatures for Two Weeks . . . . . . . . . . . . . . . .  138  

44 ANOV A Table of Germination Index of Swietenia macrophylla 
Seeds Stored at Different Temperatures for Four Weeks. . . . . . . . . . . . . . . .  139 

45 ANOVA Table of Seedling Dry Weight of Swietenia macrophylla 
Seeds Stored at Different Temperatures for Two Weeks... . . . . . . . . . . . . .  139 

46 ANOVA Table of Seedling Dry Weight of Swietenia macrophylla 
Seeds Stored at Different Temperatures for Four Weeks. . . . . . . . . . . . . . . .  139 

47 ANOV A Table of Percentage Germination of Hopea odorata Seeds 
Stored at Different Temperatures for Two Weeks . . . . . . . . . .  , .  '" . . .  . . . . . .  140 

48 ANOV A Table of Percentage Germination of Hopea odorata Seeds 
Stored at Different Temperatures for Four Weeks. . . . . . . .. . . . . . . . . . . . . . . .  140 

49 ANOV A Table of Germination Index of Hopea odorata Seeds 
Stored at Different Temperatures for Two Weeks. . . . . . . . . . . . . . . . . . . . . . . .  140 

50 ANOV A Table of Germination Index of Hopea odorata Seeds 
Stored at Different Temperatures for Four Weeks. . . . . . ... . . . . . . . . . . . . . . .  14 1  

5 1  ANOVA Table of Seedling Dry Weight of Hopea odorata Seeds 
Stored at Different Temperatures for Two Weeks. . . . . . . . . . . . . . . . . . . . . . . .  14 1  

52 ANOVA Table of Seedling Dry Weight of Hopea odorata Seeds 
Stored at Different Temperatures for Four Weeks. . . . . . . . . . . . . . . . . . . . . . . .  14 1  

53 ANOV A Table for Percentage Germination of Instia palembanica 
Seeds Stored for One Month at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  142 

54 ANOV A Table for Percentage Germination of Instia palembanica 
Seeds Stored for Three Months at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142 

55  ANOV A Table for Percentage Germination of Instia palembanica 
Seeds Stored for Six Months at 3 Different Moisture Contents and 
Temperatures. .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . . . .  . . .  . . .  . 142 

56 ANOV A Table for Percentage Germination of Instia Palembanica 
Seeds Stored for Nine Months at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  143 

xi 



57 ANOV A Table for Germination Index of Instia palembanica Seeds 
Stored for One Month at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143 

58 ANOV A Table for Germination Index of Instia palembanica Seeds 
Stored for Three Months at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  143 

59 ANOV A Table for Germination Index of Instia palembanica Seeds 
Stored for Six Months at 3 Different Moisture Contents and 
Temperatures . . . . . . . . . . . .  '" . . .  . . . . . .  . . .  . . . . . .  . . .  . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . 144 

60 ANOV A Table for Germination Index of Instia palembanica Seeds 
Stored for Nine Months at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  144 

61 ANOV A Table for Germination Index of lnstia palembanica Seeds 
Stored for One Month at 3 Different Moisture Contents and 
Temperatures .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144 

62 ANOVA Table for Seedling Dry Weight of lnstia palembanica 
Seeds Stored for Three Months at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145 

63 ANOVA Table for Seedling Dry Weight of lnstia palembanica 
Seeds Stored for Six Months at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145 

64 ANOVA Table for Seedling Dry Weight of lnstia palembanica 
Seeds Stored for Nine Months at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145 

65 ANOV A Table for Percentage Germination of Swietenia 
macrophylla Seeds Stored for One Month at 3 Different Moisture 
Contents and Temperatures. . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  146 

66 ANOV A Table for Percentage Germination of Swietenia 
macrophylla Seeds Stored for Three Months at 3 Different Moisture 
Contents and Temperatures. . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146 

67 ANOV A Table for Percentage Germination of Swietenia 
macrophylla Seeds Stored for Six Months at 3 Different Moisture 
Contents and Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146 

xii 



68 ANOV A Table for Percentage Germination of Swietenia 
macrophylla Seeds Stored for Nine Months at 3 Different Moisture 
Contents and Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. 147 

69 ANOV A Table for Germination Index of Swietenia macrophylla 
Seeds Stored for One Month at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147 

70 ANOV A Table for Germination Index of Swietenia macrophylla 
Seeds Stored for Three Months at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147 

71  ANOV A Table for Germination Index of Swietenia macrophylla 
Seeds Stored for Six Months at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  148 

72 ANOV A Table for Germination Index of Swietenia macrophylla 
Seeds Stored for Nine Months at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  148 

73 ANOVA Table for Seedling Dry Weight of Swietenia macrophylla 
Seeds Stored for One Month at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  148 

74 ANOVA Table for Seedling Dry Weight of Swietenia macrophylla 
Seeds Stored for Three Months at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  149 

75 ANOVA Table for Seedling Dry Weight of Swietenia macrophylla 
Seeds Stored for Six Months at 3 Different Moisture Contents and 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  149 

76 ANOV A Table for Seedling Dry Weight of Swietenia macrophylla 
Seeds Stored for Nine Months at 3 Different Moisture Contents and 
Temperatures. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . . . .  . . .  . . .  . . .  . . .  . . .  . . .  149 

77 ANOV A Table for Percentage Germination of Hopea odorata Seeds 
Stored for One Month at 2 Different Moisture Contents and 3 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .  1 50 

78 ANOV A Table for Percentage Gennination of Hopea odorata Seeds 
Stored for Three Months at 2 Different Moisture Contents and 3 
Temperatures. . .  . . .  . . .  . . .  . . .  . . .  . . . . . .  . . .  . . .  . . .  . . .  . . .  . . .  . .  . . . .  . . .  . . .  . . .  . . .  . . . . . .  1 50 

xiii 



79 ANOV A Table for Germination Index of Hopea odorata Seeds 
Stored for One Month at 2 Different Moisture Contents and 3 
Temperatures. . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 50 

80 ANOV A Table for Germination Index of Hopea odorata Seeds 
Stored for Three Months at 2 Different Moisture Contents and 3 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 1  

8 1  ANOVA Table for Seedling Dry Weight of Hopea odorata Seeds 
Stored for One Month at 2 Different Moisture Contents and 3 
Temperatures. . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 1  

82 ANOV A Table for Seedling Dry Weight of Hopea odorata Seeds 
Stored for Three Months at 2 Different Moisture Contents and 3 
Temperatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 1  

83 ANOV A Table of Viability Percentage of Instia palembanica 
Control Embryos Desiccated to 6 Moisture Contents. . . . . . . . . . . . . . . . . . . . 1 52 

84 ANOV A Table of Viability Percentage of Instia palembanica 
Cryopreserved Embryos Desiccated to 6 Moisture Contents . . . . . . . . .  '" 1 52 

85 ANOV A Table of Viability Percentage of Swietenia macrophylla 
Control Embryos Desiccated to 1 0  Moisture Contents. . . . . . . . . . . . . . . . . .  1 52 

86 ANOV A Table of Viability Percentage of Swietenia macrophylla 
Cryopreserved Embryos Desiccated to 10  Moisture Contents. . . . . . . . . .  1 53 

87 ANOV A Table of Viability Percentage of Hopea odorata Control 
Embryos Desiccated to 1 3  Moisture Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 53 

xiv 



Figure 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

12  

LIST OF FIGURES 

Percentage Moisture Content of Instia palembanica Seeds and 
Embryos after Various Period of Desiccation . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Percentage Moisture Content of Swietenia macrophylla Seeds and 
Embryos after Various Period of Desiccation . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Percentage Moisture Content of Hopea odorata Seeds and Embryos 
after Various Period of Desiccation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Percentage Moisture Content of Instia palembanica Seeds after 2 
and 4 Weeks of Storage at 7 different Temperatures Compared to 
Initial Moisture Content. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Percentage Moisture Content of Instia palembanica Embryos after 2 
and 4 Weeks of Storage at 7 different Temperatures Compared to 
Initial Moisture Content . . . . . . . . . . . . . . . . . .  ' "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' "  

Percentage Moisture Content of  Swietenia macrophylla Seeds after 2 
and 4 Weeks of Storage at 7 different Temperatures Compared to 
Initial Moisture Content . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Percentage Moisture Content of Swietenia macrophylla Embryos 
after Stored at 7 Temperatures for 2 and 4 Weeks Compared to 
Initial Moisture Content . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Percentage Moisture Content of Hopea odorata Seeds after 2 and 4 
Weeks of Storage at 7 different Temperatures Compared to Initial 
Moisture Content . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Percentage Moisture Content of Hopea odorata Embryos after 2 and 
4 Weeks of Storage at 7 different Temperatures Compared to Initial 
Moisture Content . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Percentage Moisture Contents of Instia palembanica Embryos after 
Various Desiccation Period . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  . 

Percentage Moisture Contents of Swietenia macrophylla Embryos 
after Various Desiccation Period . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Percentage Moisture Contents of Hopea odorata Embryos after 
Various Desiccation Period . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

xv 

Page 

5 1  

54 

57 

61  

61  

65 

65 

68 

68 

84 

88 

93 



Plate 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

1 1  

12 

13 

14 

15 

16 

17 

LIST OF PLATES 

Instia palembanica tree in FRIM Arboretum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Instia palembanica Seeds in Seed-pot. . . . . ... . . . . . . ... . . . . . . . . . . . . . . ... . . . . . . . . . . .  . 

Swietenia macrophylla Tree in FRIM Arboretum . . .... . . . . . . . . . . . . . . . . . . ... . . 

Swietenia macrophylla Seeds in Seed-pot. . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . ... . . . .  . 

Hopea odorata Tree in FRIM Arboretum . . . . . . . ... . . . . . . . . . . . . . . . . . . . ... . . . . . . . .  . 

Hopea odorata Winged Seeds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Instia palembanica Seed and Embryo Axis . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . .  . 

Swietenia macrophylla Seeds and Embryo Axis . . . . . . . . . . . . . . . ... . . ... . . . . . . .  . 

Hopea odorata Seeds and Embryo Axis . . . . . . . . . . . . . . ... . . . .... . . . . . . . . . . . . . . . . . .  . 

Oven at 103 °C Used for Moisture Content Test. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Seeds Packed in Polyethene Bags were Stored in Incubators . . . . . . . . . . .  . 

Incubators at Different Temperatures Used for Seed Storage 
Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Instia palembanica Seedlings of Seeds Desiccated to Moisture 
Contents 10% (a), 8% (b), 6% (c), 4% (d) and 2% (e) .. . . . . . . . . . . . . . . . . . .  . 

Swietenia macrophylla Seedlings of Seeds Desiccated to Moisture 
Contents 37% (a), 20% (b), 1 5% (c), 10% (d), 8% (e) and 5% (f) .... 

Hopea odorata Seedlings of Seeds Desiccated to Moisture Contents 
48% (a), 35% (b), 32% (c), 29% (d) and 26% (e) . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Instia palembanica Seedlings of Seeds Stored at Different 
Temperatures, 25 °C (a), 20 °C (b), 1 5 °C (c), 1 0 °C (d), 5 °C (e), 
o °C (f) and -20 °C (g). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Swietenia macrophylla Seedlings of Seeds Stored at Different 
Temperatures, 25 °C (a), 20 °C (b), 1 5 °C (c), 1 0  °C (d), 5 °C (e), 
o °C (f) and -20 °C (g) . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

xvi 

Page 

4 

4 

5 

6 

7 

8 

36 

36 

37  

39  

43 

44 

53 

53 

59 

63 

66 



1 8  

19  

20 

2 1  

22 

23 

24 

25 

26 

27 

Hopea odorata Seedlings of Seeds Stored at Different 
Temperatures, 20 °C (a), 1 5 °C (b) and 10  °C (c) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Hopea odorata Seeds Pre-germinated after 4 Weeks of Storage . . . . . . 

Survival of Fresh Embryos of Instia palembanica after Direct 
Culture onto Recovery Medium for 4 Weeks (-LN) . . . . . . . . . . . . . . . . . . . . . 

Survival of Embryos of Instia palembanica after Desiccation to 
1 1 .9% (a), 1 0% (b), 8% (c), 6% (d), 4% (e) and 2% (t) after 4 
Weeks Culture (+LN) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Survival of Fresh Embryos of Swietenia macrophylla after Direct 
Culture onto Recovery Medium for 4 Weeks (-LN) . . . . . . . . . . . . . . . . . . . . . 

Survival of Cryopreserved Embryos of Swietenia macrophylla after 
Desiccation to 36% (a), 25% (b) and 22% (4 Weeks Culture) . . . . . . . . . 

Survival of Cryopreserved Embryos of Swietenia macrophylla after 
Desiccation to 1 8% (a), 1 5% (b) and 1 3% (c) (4 Weeks Culture) . . .  

Survival of Cryopreserved Embryos of Swietenia macrophylla after 
Desiccation to 1 0% (a), 8% (b) and 6% (c) (4 Weeks Culture) . . . . .  . 

Survival of Fresh Embryos of Hopea odorata after Direct Culture 
onto Recovery Medium for 4 Weeks (-LN) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Survival of Cryopreserved Embryos of Hopea odorata after 
Desiccation to Various Moisture Contents. (After 4 Weeks of 
Culture) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

xvii 

69 

70 

86 

87 

90 

91  

92 

92 

95 

96 



NAA 

BAP 

DNMRT 

RH 

Min. 

° C  

mg 

g 

ml 

gil 

mg/l 

mm 

mg/ml 

MS 

GI 

% 

KG 

fw 

Kg/cm2 

cm/min 

LIST OF ABBREVIATIONS 

a-Napthalene acetic acid 

Benzylaminopurine 

Duncan's New Multiple Range Test 

Relative Humidity 

Minutes 

Degree Centigrade 

milligram 

gram 

litre 

millilitre 

grams per litre 

milligram per litre 

millimetre 

milligram per millilitre 

Murashige and Skoog Medium formulation 

Germination index 

percentage 

kilogram 

fresh weight 

kilogram per square centimetre 

centimetre per minute 

xviii 



Abstract of thesis presented to the Senate ofUniversiti Putra Malaysia in fulfilment of 
the requirements for the degree of Master in Agricultural Science 

THE EFFECTS OF MOISTURE CONTENT AND 'tEMPERATURE ON THE 
STORABILITY OF AN ORTHODOX, INTERMEDIATE AND A 

RECALCITRANT FOREST TREE SEED 

By 

JAYANTHI NADARAJAN 

June 1999 

Chairman: Associate Professor Bor Vue Luan, Ph.D. 

Faculty: Agriculture 

The effects of seed moisture and storage temperature on storability of an 

orthodox (Instia palembanica), an intermediate (Swietenia macrophylla) and a 

recalcitrant (Hopea odorata) forest tree seed were studied. The objectives were to 

determine the critical and optimum moisture and storage temperature for storage of 

each of the three species, and to evaluate the potential of these seeds for 

cryopreservation at ultra-low temperatures of liquid nitrogen. The study was 

divided into four parts of three experiments, each being for one ofthe three species. 

In Part I, the effects of desiccation on seed viability were evaluated. The 

orthodox seed, I. palembanica, has low shedding moisture of 1 0%. It was tolerant 

to desiccation as its critical and optimum moistures were low at 6% and 8-10% 

respectively. For the intermediate seed, S. macrophylla, it was more sensitive to 

desiccation. Its shedding moisture was high at 37% and it could not withstand 
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excessive desiccation as its critical and optimum moistures were high at 1 5% and 

25% respectively. The recalcitrant seed, H. odorata, has very high shedding 

moisture of 48% and was highly sensitive to even slight desiccation. Its critical and 

optimum moistures were very high at 29% and 32-35% respectively. 

In Part II, the effects of storage temperature were evaluated. The orthodox 

seed 1. palembanica, could withstand storage at sub-freezing temperature of -20 °C 

as high viability was maintained over 4 weeks. However, its optimum temperatures 

was higher at 5 °C. For the intermediate seed, S. macrophylla, it could also 

withstand -20 °C storage with minimum injury, but its optimum storage temperature 

was higher than the orthodox seed at 1 5 °C. For the recalcitrant seed, H. odorata, it 

was highly sensitive to low temperature as all seeds were killed at 5 °C. Its optimum 

temperature was relatively high at 1 5-20 DC. 

The interaction between near optimum seed moisture and storage temperature 

was evaluated in Part III to establish more accurately the optimum storage conditions 

for the three seed species. For the orthodox seed, 1. palembanica, low seed 

moisture and temperature of 8-10% and 5 °C respectively were optimum. For the 

intermediate seed, S. macrophylla, the optimum seed moisture and temperature were 

higher at 25% and 1 5 °C respectively. Recalcitrant seed like H. odorata was not 

amenable to conventional storage as nearly all seeds were killed within 3 months even 

at the optimum seed moisture and temperature of32-35% and 20 °C respectively. 

The last part, Part IV, evaluated the potential of cryopreservation for the 

three forest tree seeds. F or the orthodox species, 1. palembanica, their embryos can 
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be directly frozen in liquid nitrogen at 1 0- 1 1 .9% moistures with 75% survival. For 

the intermediate seed, S. macrophylla, its embryo can also be easily cryopreserved 

especially at lower moistures of 1 8% and below when more than 70% survival is 

possible. However, cryopreservation of the recalcitrant embryos of H. odorata is 

not possible as none of them survived irrespective of their moisture. 

In conclusion, orthodox species like /. palembanica can store well at low 

moisture and temperature and the embryos can be cryopreserved easily even at 

shedding moisture of 1 0%. The intermediate species, S. macrophylla, needs higher 

moisture and temperature for conventional storage and the embryos can only be 

cryopreserved after desiccation to low moistures of 1 8% and below. Storage of 

recalcitrant species like H. odorata is very difficult as they could not withstand even 3 

months conventional storage and all their embryos were killed on exposure to liquid 

nitrogen irrespective of their moisture. 
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Kesan kandungan kelembapan dan suhu ke atas penyimpanan bijibenih pokok 

hutan bersifat ortodoks (Instia palembanica), intermediat (Swietenia macrophylla) 

dan rekalsitran (Hopea odorata) telah dikaji. Objektif kajian ini adalah untuk 

menentukan kandungan kelembapan dan suhu yang kritikal dan optimum untuk 

penyimpanan ke semua tiga species tersebut dan untuk mengkaji kebolehan bijibenih 

ini untuk dikrioawetkan pada suhu ultra-rendah cecair nitrogen. Kajian ini telah 

dibahagikan kepada 4 bahagian yang mengandungi 3 eksperimen masing-masing 

untuk 3 spesies yang dikaji. 

Dalam Bahagian I, kesan pengeringan kepada kemandirian bijibenih telah 

dikaji. Bijibenih ortodoks, 1 palembanica yang mempunyai kandungan kelembapan 

awal yang rendah iaitu 10%, didapati tidak sensitif terhadap pengeringan. 

Kandungan kelembapan kritikal dan optimum bagi bijibenih ini adalah serendah 6% 
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dan 8-10% masing-masing. Bijibenih intermediat, S. macrophylla pula didapati lebih 

sensitif kepada pengeringan. Kandungan kelembapan awal bijibenih ini adalah tinggi, 

37% serta kandungan kelembapan kritikal dan optimum juga adalah tinggi iaitu 1 5% 

dan 25% masing-masing. Bijibenih rekalsitran, H. odorata mempunyai kendungan 

kelembapan awal yang sangat tinggi iaitu 48% dan didapati sangat sensitif kepada 

pengeringan. Kandungan kelembapan kritikal dan optimum bagi bijibenih ini adalah 

29% dan 32-35% masing-masing. 

Di dalam Bahagian ke-II, kesan suhu penyimpanan telah dikaji. Bijibenih 

ortodoks, /. palembanica didapati boleh disimpan pada suhu di bawah takat beku 

iaitu -20 °C dengan peratus kemandirian yang tinggi selepas 4 minggu disimpan. 

Walaubagaimana pun, suhu optimum bagi bijibenih ini didapati adalah lebih tinggi 

iaitu 5 °C. Bijibenih intermediat, S. macrophylla juga didapati boleh disimpan pada 

suhu -20 °C dengan kecederaan yang minimum, tetapi suhu penyimpanan optimum 

adalah lebih tinggi daripada bijibenih ortodoks iaitu 1 5  °C. Bijibenih rekalsitran, 

Hopea odorata, didapati sangat sensitif kepada suhu rendah di mana kesemua 

bijibenih telah mati pada 5 °C. Suhu penyimpanan optimum bagi bijibenih ini adalah 

tinggi iaitu 1 5-20 °C. 

Kesan interaksi di antara kandungan kelembapan optimum dan suhu 

penyimpanan optimum telah dikaji dalam Bahagian ke-III untuk mementukan 

keadaan penyimpanan optimum yang lebih tepat bagi ketiga-tiga species tersebut. 

Bagi bijibenih ortodoks, /. palembanica, kandungan kelembapan dan suhu yang 

rendah pada 8-1 0% dan 5 °C masing-masing didapati optimum untuk penyimpanan. 

Bagi bijibenih intermediat, S.macrophylla, kandungan kelembapan dan suhu yang 
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optimum adalah 25% dan 1 5 °C masing-masing. Bijibenih H. odorata didapati tidak 

boleh disimpan secara konvensional kerana kesemua bijibenih didapati mati selepas 

penyimpanan selama 3 bulan walaupun disimpan pada kandungan kelembapan dan 

suhu optimum mereka iaitu 32-35% dan 20 °C masing-masing. 

Di dalam bahagian terakhir iaitu Bahagian ke-IV, keupayaan ketiga-tiga jenis 

bijibenih ini untuk dikrioawetkan telah dikaji. Embrio bijibenih ortodoks, 1. 

palembanica didapati boleh dikrioawetkan secara lang sung di dalam cecair nitrogen 

dengan 75% kemandirian pada kandungan kelembapan 10- 1 1 .9%. Bagi bijibenih 

intennediat, S, macrophylla, embrionya juga didapati boleh dikrioawetkan 

terutamanya pada kandungan kelembapan rendah iaitu 18% dan ke bawah yang 

mencatatkan kemandirian lebih 70% pada kelembapan 5-8%. Walaubagaimana pun, 

embrio H. dorata didapati tidak boleh dikrioawetkan kerana tiada kemandirian 

dicatatkan pada mana-mana kandungan kelembapan yang dikaji. 

Sebagai kesimpulannya, bijibenih ortodoks seperti 1. palembanica boleh 

disimpan dengan baiknya pada kandungan kelembapan dan suhu yang rendah dan 

embrio mereka didapati boleh dikrioawetkan dengan mudah walaupun pada 

kandungan kelembapan awal. Bijibenih intennediat seperti S. macrophylla pula 

memerlukan kandungan kelembapan dan suhu yang lebih tinggi untuk penyimpanan 

konvensional dan embrionya hanya boleh dikrioawetkan setelah dikeringkan kepada 

kandungan kelembapan 18% dan ke bawah. Bijibenih rekalsitran, Hopea odorata, 

didapati tidak boleh disimpan lebih dari 3 bulan secara konvensional dan kesemua 

embrio mereka telah mati apabila disimpan dalam cecair nitrogen. 
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