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ABSTRACT 

A study was conducted to evaluate the effects of short period of accelerated aging and storage on the 
germination of Artoearpus integer and Durio zibethinus Murr seeds. The seeds were place in dessicators to 
aged for three days at 40-42°C and 100% relative humidity. After accelerated aging treatment seeds were 
put in air-tight bottles and stored in a dessicator in a oven (40-42°C) for 2 weeks. Accelerated aging caused 
a decreased in germination of seeds for A. integer (decrease from 88% to 0% in 5 days) and D. zibethinus 
Murr (decreased from 96% to 0% in 6 days). Different environments of varying temperatures of storing 
seeds gave different results in percentage of seed germination. Germination percentage of aged seeds 
decreased with increase in the period of aging and storage. 
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ABSTRAK 

Satu kajian telah dijalankan untuk menilai kesan penuaan buatan dan penyimpanan biji benih terhadap 
pereambahan biji benih Artoearpus integer dan Durio zibethinus Murr. Biji benih diletakan di dalam 
desikator untuk penuaan selama tiga hari pada suhu 40-4rC dan 100% kelembapan bandingan. Selepas 
tempoh penuaan tamat, biji benih tersebut kemudian diletakan di dalam botol kedap udara dan di simpan 
dalam oven (40-4rC) selama 2 minggu. Penuaan buatan menyebabkan pereambahan A. integer 
(berkurang daripada 88% ke 0% dalam masa 5 hari) dan D. zibethinus Murr {berkuarang daripada 96% 
ke 0% dalam masa 6 hari) berkurang. Penyimpanan biji benih pada suhu dan persekilaran yang berbeza 
memberi kesan terhadap peratus pereambahan. Peratus pereambahan berkurang dengan pertambahan 
tempoh masa penuaaan dan simpanan. 

Kata kunei: Arloearpus integer, Durio zibethinus Murr, desikator, kelembapan bandingan, penuaan 
bualan, 
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INTRODUCTION 


Malaysia has a rich array of luscious seasonal local fruits which are available in the 

market at the beginning, middle and toward the end of the year. These fruits include 

durian, rambutan, cempedak, mangosteen, langsat and duku. Among all of these fruits, 

durian (Durio zibethinus) is most esteemed and famous. Cempedak (Artocarpus integer) 

is another tropical fruit which is popular among local people. These seasonal fruits are 

consumed both within the country as well as overseas (Chin and Yong, 1980). 

D. zibethinus is known by other vernacular name such as durian (Indo-Malaya) or 

Variant-duren (Indonesia), Dryin (burma), Thureen (Cambodian), Thurian (Thailand) 

(Allen, 1975) and Saurieng (Vietnamese) according to Nakasone and Paull (1999). 

D. zibelhinus belongs to the family Bombacaceae and the genus Durio differ in having 

large seeds with fleshy arils (Malo and Martin 1979). It is native to South-east Asia with r 

the wild durian found in Borneo and Sumatra (Nanthachai, 1994). There are 27 species 

classified under genus of Durio, six produce edible fruit D. zibethinus Murray (syn. 

Durio accuminatissina Merr) durian being the most widely cultivated (Soegeng

Reksodihardjo, 1962). 

D. zibethinus is native to Malaysia and has been cultivated for hundred of years. It is a 

large and lofty tree of some 40-60 meters tall. The tree is recognized by the tropical 

bronzy-green small foliage and tall straight trunk topped by almost horizontal branches 
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(Chin and Yong, 1980). D. zibethinus fruits vary greatly in size and shape, about 20 cm 

long and 17 cm wide but can be as large as 35 cm in length. It fruits hang down from the 

horizon branches on thick stalks and covered with coarse and sharp-pointed spines. 

The 4-5 segments of fruits are each filled with 1-7 seeds of 5-6 cm long and about 1.5 cm 

wide. Each seed is embedded in a mass of cream yellow coloured pulp. The pulp also can 

be eaten fresh or made into durian cake or processed and preserved with sugar and prawn 

paste called tempo yak. . A chemical change take places in the pulp after the fruit has 

fallen, so it should be eaten within two days of gathering and if not the pulp become sour 

when in contact with the air. Umipe fruit can be cooked as vegetable (Mohamed and 

Mahmood, 1999). 

Allen (1975), mentioned that D. zibethinus is a tall tree growing to about 120 feet in 

height, with a straight trunk sometimes widened at the base and thick branches, placed 

high on the trunk. D. zibethinus trees are raised from seeds and by budding. The tree bear 

fruit about 5 years old and above, depend on variety. According to Chin and Y ong 1980, 

it takes about 3 months for the fruits to ripen or mature. 

Nakasone and Paull (1999), mentioned that D. zibethinus required a deep, well-drained 

sandy clay or clay loam. It also requires abundant rainfall with mean annual rainfall of 

200-300 cm and growth is limited below 22°C mean monthly temperature. It can 

tolerates up to 46°C and grow up to 800m near the equator. Shade of 30-50% is necessary 

for young trees before they reach 0.8m in height after field planting. 
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A. integer is native to Malaysia. It is found scatted in high forest throughout the mainland 

from lowlands to an altitude of 1300 meters. The tree grows up to 20 meters tall but bears 

fruit about 5 years field planting. The rind is yellow to light brown and covered with 

numerous fleshy spines. The pulp can be eaten raw or deep fried together with the seed. 

The pulp of A. integer is taken fresh or can cooked, slimy, yellow custard-like pulp 

around the seeds. 

The ecological requirements for A. integer are a variety of well-drained with pH 6-7.5 but 

sandy and clay loams are preferred. It requires more than 150cm rainfall without 

prominent dry season, warm and humid frost-tree climate below 1000m and 25 ON and S 

are desirable for good bearing. Temperature below 5°C severely damages trees. No 

photoperiod respond has been reported. A. integer is restricted to South-east Asia, with 

some tree in Australia and Hawai (Nakasone and Paull 1999). 

A. Integer is a monoecious evergreen tree up to 20 m in height; with dark green entire 

leaves. It has long, wiry, brown hair on the leaves «3mm long) stipules and twigs. All 

parts have milky white latex (Soepadmo, 1992). A. integer can be distinguished from 

jackfruit by having smaller fruit with thinner rind and more juicy flesh, which is a darker 

yelJow when ripe (Jarrett, 1959). 

Nowaday, modern growers choose to cultivate D. zibethinus from budding because 

number of economic considerations. Seed as a planting material is of limited importance 
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because plants derived from budding have more good characteristic and reach early to a 

matured stage. 

Moreover D. zibethinus and Artocarpus integer seeds quality is highly good and very 

often poor. They are known for their rich storability and capable to germinate faster. Like 

Arlocarpus seeds, D. zibethinus seeds have no dormancy period and therefore cannot 

genninated at all if the process is not started at once (Carter w.v, 1984). Their seeds also 

have a short viability period after harvest. Seeds which are peeled (pericarp removed) and 

dried under shade remained viable only 7 days and when stored at 5°C their viability was 

extended to 14 days (Anon, 1954). The period of seed viability could be prolong to 40 

days or more when stored in sealed clear polythene bag in refrigerator (4°C and 42% RH) 

(Gawas, 1983). This paper present study on the capability of recalcitrant seeds storage in 

high temperature to assess the quality of the seeds when preserved for a long term 

storage. 
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MATERIAL AND METHOD 


Material 

The fruits used as sources of seeds were collected from farms and Market in Kuching and 

Betong Divisions. Well developed matured (brown) seeds of D. zibethinus and A. integer 

were extracted from the fruits and the pulps removed from the seeds by hand, then seeds 

were washed and cleaned with tap-water. These seeds were air-dried in ambient room and 

later dusted with Manzate 2000 fungicide powder. Seeds then were kept in plastic 

containers for used in the subsequent experiments. 

Method 

Standard tests were conducted to evaluate the quality of A. integer and D. zibethinus 

seeds used in the experiments. 

Moisture Content Test 

Four replicates of 5 seeds each were used for moisture content evaluation. The seeds 

were cut into slices and then place in an aluminium-plate and weighed to determine their 

wet-weight. The plates were placed in an oven at 60°C for 48 hours, after which they 

were removed and reweighed for dry weight. The moisture content is calculated 

according to the Rules for Seeds Testing of the Association of Official Seed Analysts 

(AOSA, 1985). 
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Moisture Content (%) = (b) - (c) x 100% 

(b) - (a) 

a =weight of aluminium plate 

b = weight of aluminium plate + seeds before drying 

c = weight of aluminium plate + seeds after drying 

tandard Germination Test 

Four replicates of 10 seeds each were used for germination evaluation. Cleaned and 

sterilized river sand was used as germination. Seeds were then placed in the sand at 3 cm 

deep in germination trays (32 cm x 42 cm) and left to germinate under shading of 

sufficient light. First count was made after 2 days and final count obtained after two week 

of germination and analyzed according to Rules for Seed Testing of the Association of 

Official Seeds Analysts (AOSA, 1976). 

Germination (%) = Total of germinated seeds x 100% 

Total of seeds used 

Accelerated Aging of Seeds 

Accelerated Aging of seeds was conducted according to Delouche and Baskin (1973). A 

total of 1300 each seeds ofA. integer and D. zibethinus were used in accelerated aging. A 

desiccator for each type of seeds was filled with water to a level below the plat. The seeds 

were placed on the opened plat, which were then placed in the desiccators. Prior to aging 

of the seeds, temperature of the water was raised to 40-42°C by placing the desiccators in 
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the oven for 0 and 3 days. Seeds were aged by exposing it to 100% humidity and high 

temperature (40-42°C). About 40 seeds from each desiccators were used to determine the 

perfonnance of seeds after each aging period. 

Seed storage 

Seed storage was done immediately following accelerated aging, whereby the seeds were 

stored in two different environments: ambient room (28-30°C and 70-80% RH) and oven 

(40-42°C, 100% RH). About 1200 aged seeds were kept in separated air-tight bottles, 

according to their aging period and different storage environments and stored for two 

weeks. After each period of storage, germination test was conducted to evaluate the effect 

on germinability of seeds. 
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RESULT AND DISCUSSION 

Quality of Seeds 

The seed used were of high quality with initial moisture content of 7.04 % and 

gennination of 92 % for A. integer and moisture content of 15.85 % and gennination of 

98 % for D. zibethinus. 
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Figure 1: Moisture content and gennination of A. integer seeds. 
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Figure 2: Moisture content and gennination of D. zibethinus seeds. 
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As in Figure 1 and Figure 2, the percentages of germination and moisture content of A. 

integer and D. zibethinus seeds decreased from day 0 until day 7 periods of storage in 

ambient room. The percentages continued to drop gradually (Figure 1) although there 

was no obvious difference. However germination of A. integer seeds increased at the first 

and fourth day of storage at ambient room (28-30°C with 80% RH). The increased in 

percentage of germination to 92% compared to 90% and 86% compared to 84% at 0 and 

4 days of storage, respectively, was perhaps due to increased in enzymes activity 

momentarily. After 1 day of storage, germination dropped to 88% and decreased further 

to 84% after 3 days of storage. The germination was 84% at 5 and 6 days of storage and 

continued to decrease sharply to 80% at 7 days period. The percentage of moisture 

content for A. integer increased gradually at 1 and 2 days of storage period with 6.65 % 

and 7.04%. Perhaps the rate of water loss in seeds during these periods was low and did 

not have much effect on the moisture content of seeds. However, seeds storage period 

started to decrease from day 3 reached to 6.20% after which it gradually increased again. 

After 4 days of storage, moisture content dropped to 6.08% and decreased further to 

5.28% at 5 day. The moisture content was 5.11 % after 6 days of storage and continued to 

decrease sharply to 4.74% at day 7. 

The percentage of germination for D. zibethinus seeds decreased at day 1 from 98% to 

96%. The germination percentage continued to drop sharply to 92% in day 2. However, 

an equivalent percentage of seed germination was observed at 2 and 3 days of storage. 

After 4 days of storage, germination dropped to 88% but the percentage of germination 

increased by 2% to 90% at 5 days of storage. The capabilities of seeds to germinate at 
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this stage depended on the enzyme activities however the chance for percentage of 

germination increased was low because the seeds were very dry. The germination was 

86% after 6 days of storage and continued to decrease sharply to 82% at 7 days. 

Nevertheless, the percentage of moisture content of D. zibethinus decreased gradually 

from day 0 until day 7. The percentage of moisture of seeds at day 0 was 15.85% and 

12.85% at 7 days of storage. 

At ambient room storage temperature, the water or moisture moved from the seeds slowly 

and this has directly decreased the percentages of germination. Figures 2, also showed 

that D. zibethinus seeds have a higher percentage of germination and moisture content 

than A. integer seeds. This is because D. zibethinus seeds are bigger than A. integer seeds 

in size and the rate of moisture loss in A. integer seeds are faster and rapid because of 

thin outer covering (skin) as compared to D. zibethinus seeds. 

Accelerated Aging of Seeds 

Aging caused a decreased in germination of seeds from 84% (day 0) to 0% (day 14) for 

A. integer (Table 2 in Appendix). Also, aging of D. zibethinus seeds caused a decreased 

in germination of seeds for 96% (day 0) to 0% (day I4)(Table 3 in Appendix). Aged 

seeds of A. integer survived up to day 4 while seeds of D. zibethinus were viabled up to 

day 5. Similar observations were obtained with soybean seeds by Petrus (1993). Seedling 

produced from ambient storage seeds exhibited high developments than aged seeds. Most 

of these seedlings of high vigour and took shorter times for emergence of roots and 

shoots. The same results were reported in okra seeds (Petrus, 1985). The ambient storage 
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seeds took 2 to 4 days to germinate compare to aged seeds that take more than one week 

for emergence of roots and shoot. 

Storage of Seeds 

The germination decreased sharply for both A. integer and D. zibethinus seeds aged 

stored at 40-42°C for 2 weeks. This decline in germination percentages was more obvious 

in aged seeds after few days of storage. 
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Figure 3: Germination ofA. integer and D. zibethinus seeds before and after accelerated 
aging and stored for two weeks. 
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Ambient Room C28-30°C) 

According to Figure 3 and Figure 4, the percentages of germination and moisture content 

of A. integer and D. zibethinus seeds decreased from day 0 until day 14 of storage in 

ambient room. The A. integer seeds germination decreased rapidly than D. zibethinus 

seeds. This is because the rate of moisture loss in A. integer seeds is faster and rapid as 

compared to D. zibethinus. Loss of moisture content of seeds influenced the rate of 

germination that occurred. Seeds require optimum physical factors and range of 

conditions to germinate. The germination process is presumed to commence with 

sequences of event at the molecular and cellular levels which precede visible growth of 

embryo (Bradbeer, 1988). The range of requirements for germination is peculiar to each 

species and even to each sample of seed. Water, temperature and oxygen are the factors 

that are required by the seeds to germinate. 

Seed Germination 

The percentage of germination for both A. integer and D. zibethinus seeds that were 

stored at ambient room gradually decreased. Germination of A. integer seeds were high in 

ambient room for the first three days of storage; 88% germination at day 0 and 90% at 

day I and day 2. However germination of A. integer seeds started to decrease sharply at 

day 3 after storage from 90% to 82% but at day 4 the percentages of germination 

increased again up to 84%. Germination continues to decrease gradually at day 5 until 

day 14. Although there was an increase in germination at day 7 by 2% to 80% but the 

percentage of germination of the seeds was observed to decrease for the following days 
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until day 14. Germination of A. integer seeds was 22% at 14 days at the end of storage 

period. 

Germination of D. zibethinus seeds was also high at day 0 with 98%. After 1 day of 

storage, seed germination dropped to 92% and decreased further to 88% after 2 days of 

storage. However germination increased at day 3 to 94%. The inconsistence behaviour in 

germination of D. zibethinus seeds at day 1 until day 5 of storage periods might be 

because of individual characteristics of the seeds. The ability of seeds was influenced by 

the moisture content of the seeds. All seeds required optimum moisture for imbibitions 

and germination. But sometimes for some seeds such as beetroot (Beta vulgaris) and 

spinach (Spinacea oleacea), excessive amount of water reduce the permeability of the 

coat to oxygen and inhibit germination (Gulliver and Heydecker, 1973). A seed likes A. 

integer and D. zibethinus need a large amount of water to germinate because both of this 

seeds are recalcitrant that need a lot of water to germinate early. The percentage of D. 

zibethinus seeds germination decreased sharply at day 6 of storage to 80%. Low in rate of 

moisture loss in seeds in ambient room was observed at 8 to 11 days of storage. The 

germination percentages were seen to be equivalent during this period of storage. On day 

12, the gennination of D. zibethinus seeds was decreased to 74% and continued to 

decrease at day 13 with 72% of germination and dropped to 64% at 14 days of storage. 
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Seed Moisture Content 


In figure 4, the percentage of moisture content for A. integer seeds for ambient room 


storage started to decrease from day 0 until day 14. The percentage of A. integer 


moisture content decreased gradually but inconsistence. The moisture content at day 0 


was 7.03% and at day 14 was 4.74%. The percentage of moisture content for D. 


zibethinus seeds decreased sharply from 14.80% to 12.27% at day 3 of storage (Table 3, 


in Appendix). The percentage of moisture content of D. zibethinus seeds also decreased 


gradually but inconsistence. The moisture content of D. zibethinus seeds at day 0 was 


15.42% and at day 14 was 9.65%. 


Accelerated Aging (40-42°C) 


According to Figure 3, the A. integer seeds could germinate up to 4 days while D. 


zibethinus seeds germinated until day 5 after accelerated aging (see Table 2 and Table 3 


in Appendix). The percentage of germination was low, 48 % for A. integer and 52 % for 


D. zibethinus seeds. This high temperature applied, reduced the capability of the seeds of 

A. integer and D. zibethinus to germinate. The high relative humidity (100% RH) caused 

the seeds to deteriorate. Although imbibition will occur in the absences oxygen but for 

most seeds like A. integer and D. zibethinus the remaining stages of germination are 

inhibited under anaerobic conditions, if anaerobic persists, seeds death results. According 

to Bradbeer (1988), Oxygen is the terminal electron acceptor in respiration and an 

absence or an insufficiency of the oxygen supply inhibits the respiration necessary for the 

gennination of most seeds and also results in an accumulation of potentially toxic 

products of anaerobic respiration, such as acetaldehyde, ethanol and lactate. The moisture 
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content of D. zibethinus seeds stored under accelerated aging conditions increased and 

fungus growth was high for in A. integer as compare to D. zibethinus. (Figure 4). 

Germination 

The percentage of A. integer and D. zibethinus seeds germination decreased sharply from 

day 0 to day 1 of storage period (Figure 3). After 1 day of storage, moisture content of A. 

integer seeds dropped to 48% from 84%, and decreased further to 26% at day 2 of 

storage. The moisture content of the seeds continued to decrease rapidly at day 3 to 10% 

and 2% at day 4.However after 5 to 14 days of accelerated aging, no germination 

occurred. The seeds were damaged and rotten. The germination of D. zibethinus seeds 

decreased sharply at day 1 from 96% to 52%. The percentage of germination continued to 

drop sharply to 38% at day 2. After 3 days period of storage, germination dropped to 24% 

and lO% at 4 days of storage. There were only 2% of D. zibethinus seeds germinated at 

day 6. At relatively high temperature (40-42°C), imbibitions may be possible however no 

embryo growth may follow or high temperature damage the embryos or seedling may 

prevent the completion of germination. Feierabend and co-workers discovered that, for a 

number of a number of crop plants, at certain critical high temperatures seedling growth 

occurred but the seedling fail to become green. The apparent reason is that the plastid 

ribosomes fai l to assemble at the non-permissive high temperature and consequently no 

proteins are synthesized within the developing plastid (Feierabend, 1979). 
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Moisture Content 

In Figure 4, the percentage of seeds moisture content obtain from accelerated aging has 

increased for D. zibethinus seeds while the moisture content of A. integer seeds 

decreased. The percentages of D. zibethinus seeds moisture content increased gradually 

from 13.59% at day 0 and 18.22% at day 14 of storage. The percentage of A. integer 

seeds moisture content was expected to be increase but because of fungus attacked, the 

moisture content of the seeds started decreased gradually at day 5 of storage period. All 

the seeds were contaminated and this resulted in 4.96% of moisture content in A. integer 

at day 14 after accelerated aging. 
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CONCLUSION 

Accelerated aging was found to have detrimental and disadvantages effects on A. integer 

and D. zibethinus seeds quality. Aging caused a general decline in seed vigour and 

viability. Besides that high temperature damaged or reduced the capability of the seeds to 

germinate. However short periods of accelerated aging give some boost to seed 

metabolisms and can enhance the number of seed germination. Germination of A. integer 

and D. zibethinus seeds were found successfully germinated up to 4 days after storage at 

accelerated aging (40-42°C) for A. integer and 5 days for D. zibethinus. The percentage of 

germination was decreased when the storage duration increased. The longer the aged 

seeds kept in unfavourable environment, the greater effect on germination or seeds 

viability. 

From this study, conclusion can be made that the A. integer and D. zibethinus seeds used 

in this study were high quality. This can be seen in the good germination performance 

when expose to high temperature (40-42°C) with 100% relative humidity for 3 days and 

following by longer period of accelerated aging. The seeds still manage to germinate up 

to 84% for A. integer and 96% for D. zibethinus seeds. 

Further study should be done to store the aged seeds in various environment and storage 

durations to provide a better evaluation on the detrimental effect of this aging treatment 

and its implication on the storability of seeds ofA. integer and D. zibethinus. 
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APPENDIXES 

Table 1: Initial gennination and moisture content ofA. integer and D. zibethinus seeds. 

Storage Period 
(Day) A. integer D. zibethinus 

Moisture content 

Ambient 

Germination 

Ambient 
Moisture content 

Ambient 
Germination 

Ambient 

0 
1 
2 
3 
4 
5 
6 
7 

6.40 
6.65 
7.04 
6.20 
6.08 
5.25 
5.11 
4.74 

90 
92 
88 
84 
86 
84 
84 
80 

15.85 
14.69 
14.54 
14.01 
13.90 
13.36 
13.07 
12.85 

98 
96 
92 
92 
88 
90 
86 
82 

Table 2: Moisture content and gennination of A. integer seeds before and after 
accelerated aging (40-42°C). 

Storage Period A. integer (Cempedak) seeds 

(day) Moisture Content (%) Germination (%) 

Ambient Aging Ambient Aging 
(40°C)(28-30°C) (28-30°C) l40°C}_ 

7.03 6.1 0 88 84 
6.481 7.09 90 48 
6.732 6.53 90 26 
6.83 5.95 82 1'0 

4 6.78 6.44 84 4 
6.34 5.88 805 0 
6.11 5.42 786 0 

7 6.32 5.31 80 0 
6.29 5.16 748 0 
6.14 705.13 09 
6.31 6610 5.2 0 

5.2 6211 6.09 0 
5.67 5.19 5012 0 

13 5.02 4.96 44 0 
4.7414 4.96 22 I 0 J 
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