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Abstract

A nursery trial was conducted at National Forest Seed Centre, Seed
Orchard Division, Bangladesh Forest Research Institute, Chittagong to evaluate
the effect of storage condition and duration on germination of Agar seed. Agar
seed were stored at five different storage condition viz. open air (control), sand,
chalk powder, normal refrigerator (0~40C) and saw dust for different storage
durations viz. 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33 and 36 days. Storage
condition, duration and their interaction were found significant on germination
of Agar seed. Refrigerator (0~40C) showed the highest germination (82%) at 3
days duration. It also prolonged the seed viability (12%) up to 33 days. Such
technique of maintaining viability of Agar seed may be useful for raising
seedlings and plantations at large scale.
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Introduction

Agar(Aquilaria malaccensis Lamk.) occurs predominantly in the Indo-Burma hotspot of
biodiversity (Whitmore 1973). It is also found in Nepal, Bhutan, North-Eastern India (Assam,
Meghalay, Nagaland, Manipur and Tripura), Myanmar, Thailand, Laos, Vietnam, Cambodia,
Indonesia, Malaysia, South-Eastern China, Brunei Darussalam, The Philippines, Papua New
Guinea and islands of East India (Baksha et al. 2009, Burkhill 1966). In Bangladesh, it is found
naturally in the forests of Sylhet, Chittagong and Chittagong Hill Tracts of Bangladesh (Rahman
and Basak 1980). Population of Agar has markedly decreased in natural forests of Bangladesh due
to unsustainable harvesting of natural trees for agar wood trade. Hence, it is enlisted in ‘The World
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List of Threatened Trees’ since late 2000s (Chakrabarty et al., 1994). The high value of the wood
has resulted in indiscriminate felling of natural populations in some cases. Thus, the knowledge of
its regeneration ecology is extensively desired for developing protocols for raising large-scale
plantations of Agar(Donovan et al. 2004).

Generally seedling is regenerated after storing of seed over variable period. Efficient storage
of seeds is necessary to ensure continuous and cost effective supply of seedlings, which is a
prerequisite for the success of any afforestation programme. Seed storage is also important for
conserving the genetic resources which are ravaged by deforestation as well as by catastrophes
such as forest fire, draught and floods. However, storage potential of tree seeds is highly
species-specific and large variation has been encountered across the tree species (Berjek and
Pammenter, 2002). Based on the inherent storage potential, seeds are grouped into two main
categories viz. recalcitrant and orthodox (Berjek and Pammenter, 2002). Recalcitrant
(desiccation-sensitive) seeds are metabolically active when shed from the mother plant and
possess relatively high moisture content. Even under ambient temperature and low relative
humidity their post-harvest life is very short which also depends on the species. Since sensitive to
desiccation, these seeds lose viability when their moisture content falls below 20 to 30% (Farrant
et al. 1988, Pritchard 2004). As Agar seed is recalcitrant, it is imperative to find out a suitable
storage method which can prolong its viability to raise seedlings in large scale at nursery.
However, there is a scanty literature regarding the storage method of Agar seed. Therefore, the
present study was undertaken to evaluate the effect of storage condition and duration on
germination and viability of Agar seed.

Materials and Methods

The experiment was conducted at National Forest Seed Centre, Seed Orchard Division,
Bangladesh Forest Research Institute, Chittagong during July to August 2014. Mature fruits of
Agar were collected from the plus trees in the month of July. Seeds were extracted from depulping
the fruits manually.

Fresh seed germination and viability test was conducted with four replications of 100 seeds
each. Seeds were sown into moist sand bed and germination was calculated following standard
method (ISTA 2006). To test the influence of storage conditions and durations a total of 3,250
seeds were taken and divided equally into five seed lots. Each lot has subjected to a specific
storage condition as follows: open air/control, sand, chalk powder, refrigerator and saw dust. Seeds
in all conditions were stored for different durations viz. 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36
and 39 days. From stored seed, ten seeds with five replications were taken out after every three
days and germination was tested by sowing in moist sand bed. Seeds were sown 0.5 cm depth and
4.0 cm distance between seeds in sand beds and then pressed lightly into the sand. Proper shade
was provided until germination starts. Routine watering and weeding activities were carried out.
Seeds were considered germinated when the cotyledons protruded from the sand surface.
Germinated seeds were remarked with small sticks to differentiate them from newly germinated
seeds. Germination was observed on alternate days until completion. The factorial experiment was
followed as complete randomized block design with two factors - storage condition and duration.
A variation (ANOVA) in germination potential under different conditions was analyzed using
statistical package MSTAT.
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Results and Discussion

Analysis of variance(ANOVA) for germination potential of Agar seed under different
conditions and durations was done and found highly significant within storage conditions ,
durations and their interaction(Table 1). This indicated that viability of Agar seed is highly
dependent on both storage conditions and storage durations which was in accordance with
Manjkhola et al(2005) and Panwar et al. (2015).

Germination of Agar was epigeous. Both fresh and stored seeds started germination within
6 to 12 days. Similar results were obsevered for A. crassna where seeds germinated within 9 to 15
days (Soehartono and Newton 2001, Shankar 2012) and for Gyrinops walla Garten. within 7 to 14
days(Alwis et al. 2016). Gemination was completed within 26 days which is similar to Beniwal
(1989) and Adelina et al. (2004).

Figure 1. A) Fruits, B) Seeds and C) Seedlings of Agar

The highest germination (82%) was recorded with both fresh seeds sown immediately after harvest
and stored in refrigerator (0~4°C) for 3 days. Tabin and Srivastava (2014) recorded 92% and
Adelin et al. (2004) recorded 70-80% germination when direct sowing.

Table 1. Two-way ANOVA for seed germination at different storage conditions in relation with
storage periods

Degrees of Sum of Mean F

Source Freedom Squares Square Value Prob
Storage condition(C) 4 458.240 114.560 110.7346**  0.0000
Storage duration (D) 10 1559.542 155.954 150.7466**  0.0000

CXD 40 108.240 2.706 2.6156** 0.0000
Error 220 227.600 1.035
Total 274 2353.622

“Values are significant at p > 0.01 level
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Figure 2. Effect of storage conditions and durations on germination of Agar seeds
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A reduction trend on seed germination percent over the period was evident and significant
differences in the germination among the storage conditions and durations used in the experiment.
The seeds stored for 3 days in refrigerator showed the highest (82%) germination (Fig. 2) followed
by the seeds stored in saw-dust (74%), sand (72%), control (70) and chalk powder (64%). After a
period of 21 days storage, the seeds of refrigerator found 60 % germination followed by the seeds
of saw-dust, sand and chalk powder 16%, 10% and 8% respectively, although the seeds of control
had no germination. After the storage of 24, 27 and 30 days, the seeds of refrigerator showed 52%,
42% 30% and 12% of germinability respectively, while others storage conditions showed no
germination at all. Present study revealed that storing seeds in cool conditions such as in a
refrigerator can prolong viability12% up to 33 days. No more seeds were found with germinability
after storage of 33 days.

Analysis of variance (ANOVA) for viability potential under different media and durations
was done and F value was found highly significant (Table 1) within the interaction of media and
storage durations. LSD values (1.267 at 5% and 1.672 at 1% level) were for grading the
combination more precisely. Germination level in earlier interval period of followed all storage
media were found all most same and maximum. But, emphasizing the prolonging period of viability
in desired level, seeds stored in refrigerator, germination after 15, 18 and 21 days were found
statistically same and optimum at 5% & 1% level of significance. Seed viability of Agar other than
those conditions in various interval periods were found poor & below desired level (Table 1).

Therefore, viability period of Agar in desired level could be selected for the period

prolonging 21 days in refrigerator condition. In the same condition Agar seed prolonged only 12%
germinability up to 33days.
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