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PHYSIOLOGICAL STUDIES ON GERMINATION
AND SEEDLING DEVELOPMENT IN
INTSIA PALEMBANICA (MERBAU)

by
S. Sasaxi* anp F.S.P. Ng**
Summary

The mature seed of [nisia palembanica has 2 moisture content of less
than 10% of the sced dry wenght. is protected by a hard seedcoat, and
can be stored for z long time at room temperature. The seedcoat is
impermeable to water and needs scarification to facilitate water imbibition.
An effective method for scarification is to rupture the strophiole, which is
a small protrusion located at the end of the seed opposite to the hilum.
Seeds . with abnormal shapes as well as small sizes often develop into
albinos and dwarfs,  An experiment involving cotyledon removal showed
that cotyledon seed reserves contribuis to seedling dcvelopmcnt up to the
stage of deve[opmem of the first pair of leaves. Direct sowing of seeds
in fields is feasible, as the seed reserves alone are sufficient to cstablish-
the seedlings. However, a precantion is needed since the seedcoal is
.dehydratcd by exposure to sunlight and this often interferes with the
parting of the cotyledons and emergence of the epicotyl. To avoid this,
the seeds must be planted vertically with hilum downward, so that the
seedcoat is shed as the hypocotyl emerges [rom the soil.

The seedling growth under various field conditions was the fastest in
the open and the slowest under closed canopy conditions, indicating that
the species needs a high light intensity for growth, This was confirmed by
light quality experiments. The species required red hght for weight in-
crement, but under closed canopy conditions, red light 1s scarce as the
canopy layers absorb the red light spectra.

Intsia” palembanica seedllngs grow better in a soil with 25% sand
mixed. Good drainage is important for the species to grow. Also, high
air humidity may bhelp to promote photosynthesis,

Introduction

(nisia palembanica (Merbau) is a heavy hardwood timber of wide
distribution in South East Asia (Whitmore, 1972). In recent years it has
become very popular for a wide range of uses and has fetched very high
export prices. The species is on the preferred list for forest regeneration
in Peninsular Malaysia (Anon, 1975) but is reputed to be slow-growing and
difficult to manage silviculturally. These studies were carried out to develop
better methods of growing Merbau.

* Present address: Forestry and Forest Products Rescarch Institute, P.O. Box 16,
Tsukuba Norin Kenkyu Danchi-nai, IBARAKI 305 Japan. This work was carried
out in the Forest- Research Institute, Kepong under a cooperative programme between
F.R.I. and T.A.R.C.

** Acting Deputy Director, F.R.I, Kepong.



THE MALAYSIAN FORESTER

Seeds

The mature seed is very hard and dry, with its moisture content less
than 16%. The seed is covered by two layers of hard seedcoat, under
which are two large cotyledons, attached to a radicle and plumule. Other
legume seeds such as Parkia javanica, Sindora coriacea, and Dialitm maingey:
have similar hard seedcoats. The outer scedcoat is impermeable to water
and scarification is needed to promote germination. Among the methods of
scarification, immersion of the seed into concentrated sulphuric acid.
scratching of the seedcoat by a handsaw or a file, and scraping off the small
swelling {strophiole) of the seedcoat on the opposile side of hilum are
effective to promote water imbibition for /ntsia palembanica (Sasaki, 1980).
Particularly, the ‘Jast method is easy and quick, and applicable for field
work where no other facilities arc available. Also, this method can minimize
injury and exposure o microbial infections. Scarified seeds absorb water.
within an hour and start shedding off the outer layer of the seedcoat. The
imbibed seed is markedly swollen and the cotyledons become soft (Fig. ).
The radicle protrudes from the hilum 3 to 5 days after imbibition.

Various shapes are found in /nrsta secds (Fig. 2). Seeds with odd
shapes are generally correlated with abnormality of seedlings such as albinos
and dwarfs. The average weight of the seed is more than 5 grams. Initial
growth of Intsia palembanica seedlings is impressive as the seedlings grow
up to 25 cm high on the strength of cotyledon reserves (seed reserves) alone
within 2 weeks of sowing,

Seedling Deve!opment
Importance of the seed reserves (cotyledon reserves) to seedling establishment

To study the contribution of seed reserves to seedling development.
cotyledons were excised at various stages of germination. Scarified seeds.
soaked in water overnight. were sown in regular nursery plastic bag-pots
5-7 c¢m deep so that the hard seedcoat could be shed while the cotyledons
were emerging,  Most of the seedlings emerged within 9 days. Emeraed
cotyledons were excised 9, 10, 11, 12, 13, 16, 19 and 25 days after the seeds
were sown, The shoots were measured 78 days after sowing, and the results
are shown in Table 1.

The seedlings with cotyledons removed in the early stages were stunted.
with the first pair of foliage leaves, and subsequent leaves if any, and their
stemns, reduced in size. The reduced size in leaves in turn appeared to slow
down further development of the scedlings because of reduced photosynthetic
areas. A preliminary trial sugsested that the seeds of over 7 grams by dry
weight performed better than those of 5 grams or below. Also, it appeared
that abnormal seedlings such as albinos. deformed leaves, and short inter-
nodes, were more frequently associated with small sized seeds.
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Figure 1. Imbibed Intsia palembanica seed (left) compared with dry seed (right).
The imbibed seed is markedly swollen and the cotyledons become soft.

Figure 2. Various shapes of Inisia palembanica seeds, .
Seeds with odd shapes often are associated with abnormality. of seedlings.
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Table 1. Effect of cotyledon excision on_'she_ot growth, as measured

78 days after sowing of imbibed seeds

Day of cotyledon Total Average length {cm) Post-epicotyl
excision shoot Hypocotyl Epicotyl - shoot
9 15.8 6.3 6.4 2.9
10 19.6 8.6 9.2 1.8
) 213 9.4 SR 0.8
12 | 252 10.9 14.3 0
13 : 26.7 11.8 150 . 0
16 26.6 10.7 15.9 0
19 284 107 152 25
25+ 38.3 11.4 _ 17.0° 9.9

“ At 25 days the cotyledons were about to be shed naturally.

Growth of Intsia palembanica under various field conditions

An Intsie seedling. with the first pair of leaves fully expanded reaches
26 cm in height within 15 days after sowing. Therefore, the specics may
be suitable for direct sowing in the field. A preliminary experiment was
conducted to evaluate direct sowing methods and growth performance under
various canopy conditions. The seeds were scratched by a handsaw at both
fat sides of the seed. These scarifed sceds were soaked in water for 5
minutes.  After water was drained out. the seeds were divided nto two
groups; one was treated with daconil powder (a wettable powder fungicide)
and the other served as control. These seeds were directly sown in four
different sites.

The seed is a large tlat Bean (average size: 5 x 4 x 1 cm) which needs
strong force to emerge from the soil in germination. Placing arrangement
may have an influencz on germination. Therefore, treatments included
horizontal (flat) placement and vertical placement with the hilum downward.
The summary of treatments and experimental sites are shown in Table 2.

The seeds sown directly in the field germinated very well, with ger-
mination percentages. over 90% in all sites. This indicates- the possibility
of direct sowing for [nisia palembanica.  However, several precautions are
needed before putting the method into practice, as the experimental results
indicated probable animal, fungal and mechanical damages during ger-
mination {(Table 2). '

The site t {open feld) is located in a heavy soil with poor drainage.
A few seeds tailed to emerge from the heavy soil and their hypocotyls were
broken because the elongating force of the hypocotyls could not lift the
seeds.  Particularly, horizontally placed seeds were affected by soil pressure
more than those vertically sown.
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The hard seedcoat that softened during imbibition must be completely
shed befors cotyledons emerge. If not, the seedcoat is dehydrated again
when lifted above ground by the elongating hypocotyl and hardened under
the strong sunlight, to constrict the cotyledons, This prevents the cotyledons
from opening. -As a result, epicotyls were often trapped and twisfed between
the cotyledons in the site 1 (Fig. 3). To avoid such a situation, the seeds’
may bz buried vertically 5 to 7 cm deep so that the seedcoat can be shed
off completely before the cotyledons emerge from soil,

- Rodent damages were observed in sites 2 and 3, with particularly
heavy damagss in site 3.(Fiz. 4). This may be controlled by planting the
seed inside a bamboo column,

Fungus infection often occurred on the injured cotyledons after
scarification. This can be controlled to some extent by dusting ths seeds
with fungicide. A .new scarifying method. scraping the swelling roint of
the seedcoat can minumize injuries (Sasaki, 1980).

Figure 3. Intsia palembanica seedling with distorted epicotyl
Redehydrated seedcpat pinched cotyledons, resulting in abrormal
growth of epicotyl inside of cotyledons,

— 26 —
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Althou°h the site | (open ﬁeld) COl)SlS[Cd of heavy poor soil, leaf pro-
duction of the secd]mos markedly surpassed that under canopy conditions,
as more- mternodes were counted in th:, open grown s=edlings (Table 3).

Within the experimental penod the: height of seedlings d0°s not show
significant differences between sites (Table 3), One of the reasons is that
the seedlings in the open site had short internodes,  In contrast, the seedlings
under _heavy canopies at the sites 2, 3, and 4 showed epmas!y symptoms,
with hypocotyls and epicotyls excessively elongated. However, those seedlings
in sites 2, 3, and 4 almost stopped growing after expansion of the first pair
of leaves. The seedlings under heavy canopy conditions probably remain
stagnant after exhausting the. reserve food in the cotyledons.

‘Because of ‘the poor soil conditions in site 1, the experiment was
'abandoned after - assessment at 143 days. However, seed]mgs in the open
are expected to-grow far better than those in the forests, provided. that soil
conditions are the same. This statement is supported by evidence from other
experiments in which the seedlings were grown in the open.

Resporises' io !fghr quality

Further expcnm\,nts were conducted to evaluate the light specteal re-
quirements for seedling growth of Inrsia palembanica.

After scarification, seeds weighing over 7 grams each were sown in pots
filled with 3 parts of forest top soil mixed with one part of sand. The pots
were placed in colour chambers with specific spectral compositions (Table
4 and Fig. 5a~ f). Seedlings were harvested one month and also six months
after sowing the seeds. The results are shown in Table 4.

Control seedlings under. transparent white vinyl film showed smallest
height growth, but weight increment during the six month period was the |
largest. The seedlings grown under the light with little red spectra such as
the dark red film (CF 112-2) and blue film (CF 112-5) showed height
growth equivalent to those with the red spectra such as yellow (CF 112-1)
and orange (CF 112--3). However, the weight increments were the smallest
under the light without red spectral regions. Probably the height mcrement
was enhanced by the far red light as seen in the field experiments.

Root growth between one month- and six months was more pronounced
than shoot growth, as a-decline in shoot/root ratios was distinct after six
months. This is partly attributed to upward development of root zones in
the hypocotyl observed at 6 months (Table 4). :

The elimination of the red light Spect'ra appeared to reduce weight

increments, but not height growth. This may be confirmed by the following
experiment, ' -
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THE MaLaYSIAN FORESTER

With the same acryl colour flms, colour chambers were made, but in
addition, aluminium foil was used to cover a half side of the top of each
chamber, so that total light inlensity under the aluminium cover was less
than that in the other half of the box. Also. cotyledons of six seedlings
in each treatment were excised  imimediately after germination in order to
study effects of cotyledon reserve on initial growth of Infsia seedlings. This
was hecessary to observe growth contributed by photosynthests alone, The
seedlings were havvested 45 days after the cxperiment was initiated. The
tesults are shown in Table 5 and Fig 6 :

The seedlings without a_luminium cover showed no significant differences
in weight between the treatments (Fig. 6). In contrast, when the light in-
tensity was reduced by the aluminium cover, a significant reduction in weight
increment was observed in the blue light and dark red light chambers
which -eliminated the 600 to 700 nm spectral region (red light region). These
results indicated that [ntsia palembanica needs the red lighit spectra for growth.
Under the field conditions, sufficient red light can only be obtained through
sunflecks or the direct sunlight.  As indicated earlier, the diffuse light under
the canopy does not contain strong red light spectral energies.  Therefore,
the growth of /nfsia palembanica may reach the maximum at. fairly high
“light intensities, although full sunlicht (vinyl film with no cover) reduced
height growth. Elimination of the spectra between 400 and 500 nm did not
influence the growth of Inssia palembanica. However, climination of the
spectra above 500 nm reduced numbers of internocles under the aluminium
cover. Where the light intensity was higher (no aluminium cover) no effects
of the light, particularly above 500 nm, were observed.

-All the treatments with cotyledons removed reduced height growth as
well as weight increments. Reduetion in leaf size was significant, indicating
that reduced photosynthetic areas further affected growth of seedlings. How-
ever, at the time of measurements (45 days after sowing the seeds), pro-
motive effects of the red light were not clearly shown yet for the seedlings
without cotyledons.

Soil mixture requirements

Judgmng from the field experiments, Infsia seedlings prefer fertile soil
with good drainage, for their growth. An experiment was conducted to
determine suitable soil mixtures for Inisia seedlings.

Yellow top soil of the forest was mixed with white quartz sand to
make 100, 75, 50, 25 and 0% of soil mixtures, These soil mixtures were
used to fill plastic bags in which scarified seeds soaked in water overnight
were sown. One half of the soil mixture series was fortified with super
phosphate of lime (7 g/pot). Replications of ten pots per soil mixture were

— 32 —



Table 5. Growth of Merbau seedlings in the colour chambers after
45 days; Experiment I

Average length (cm)

LX it
Interncdes

Shoot  Root Hypo. Epic, Post-cpic.gf
Cotyledon
Top removed 229 9.5 13.3 8.9 0.7 2
CF 112~ 4 open Cotyledon
Violet 14,000 tux intact 46.6 13.2 15.4 16.2 15.0 6
500 - 600 nm ) Cotyledon
eliminated Top removed’ 219 8.8 i4.0 9.1 0.8 2
closed Cotyledon
3.000 lux  intact 41.5 3.3 15.3 15.9 10.3 k
Cotyledon
Top removed 25.2 8.4 i3.2 10.0 2.0 2
CF liz-2 open Cotyledon
Dark red 11,000 tux  intact 48.2 13.8 17.1 183 12.8 4
600 nm below Cotyledon
eliminuated Top removed 213 8.8 14.8 12.2 0.3 2
closed Cotvledon
S 2200 lux intact 47.3 13.4 16.5 19.3 11.5 4
Coliyledon
Top removed 218 9.7 13.5 9.9 0.4 3
CF 112-35 cpen Cotyledon
Blite 32.000 lux intact 46.8 13.4 16.2 17.9 127 3
600 -700 nm Cotyledon
eliminated Top removed 24.8 10.5 13.9 10.6 03 2
: closed Cotyledon
6.000 lux  intact 449 16.0 157 19.8 9.4 4
Cotyledon
Top removed 233 10.4 13.1 10.9 1.3 3
CF H2-1 open Cotyledon
Yellow 30.0C0 lux  ntact 51.7 139 16.1 17.9 17.7 6
500 nm below ' Cotvledon
eliminated Top removed 28.4 8.7 14.8 118 1.8 3
closed Cotyledon
20.000 lux intact 54.2 14.3 16.0 i8.0 202 6
Cotyledon
_ Top removed 24.6 9.7 13.2 10.1 13 3
CF 112-3 open Cotyledon
Orange 30,000 lux - intact 49.2 153 164 17.6 15.2 6
400 -500 nm Cotyledon
eliminated Top removed 262 9.1 14.1 113 08 2
closed Cotvledon
26.000 lux intact C 523 14.1 17.1 19.3 159 6
. Cotyledoun
Top removed 22.0 89 122 12 26 4
Vinyl film open Cotyledon
White 50,000 lux intact 428 13.8 4.5 16.4 12.1 6
Transparent Cotyledon :
Top rernoved 24.0 2.9 127 104 0.9 2
closed Cotyledon
40.000 lux intact’ 54.5 14.1 15.4 16.1 23.0 S

MNOTE: The top closed or open refers to whether the plants were grown under an
aluminium foil cover or not, in addition to heing enclosed in a vinyl fitm
chamber, . The light intensity figures given are in comparison to open sun-
light measured at 80,000 lux,
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bo b Q . K N (W -
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C F 112-1 | - ' - ]
Below 500 nm

eliminated BB

Yiolet

CF 11l2-4
500~600 nm
eliminated

Light Blue
C F 112-5
600=700 nm
eliminated

Dark Red

C F 112-2 |
Below 600 nm
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Vinyl film ==

White transparent |

Mﬁﬂ]ﬁ_ Without cotyledons, top without aluminium cover
L] With cotyledons;top without aluminium cover
=3 without cotyledons, top covered with aluminium foil

BB vYith cotyledons, top covered with aluminium foil

Figure 6. Dry weight of Merbau seedlings after 45 days, under various treatments.
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placed in the open and also under Nypa palm shade in the nursery. Height
and internode maasurcments were tal\en 47 and 88 days after irabibition of
the seeds.

The results are shown in Table 6. Averane height growth and average
number of internodes indicate that 75% soil mixture is suitable for Intsia
growth. Also, it appears that the soil mixture ‘50% .is better than 100%
soil alone. Addition of super-phosphate of lime promoted the growth of
seedlings slmhtly These differences may become more distinet in-a later
stage of seedling development, as the carly development is more dependant
on the seed reserves. . Further study is needed to clarify nutrient requirement
and suitable soil conditions for optimal growth of 7ntsia palembanica seedlings.
‘This area of study is important to understand specific sites for Intsia palem-
banica, as most trees of Inisia pa!embzvzfc'a in Eorests grow in rich soil

Judging from the drooping of leaf peuoles under  direct sunlight,
lnisia seedlings may grow better under high humidity conditions. ‘Seedlings
in the colour chambers where high humidity was maintained performed better
than in the open.  The seedlings in the chambers showed turgid petioles during
the dayvtime, whereas the seedlings in the open nursery had drooped petioles
under strong suniight. It is assumed that Jntsia seedlings often grow slowly
because of the limited photosynthetic rates under water stresses. As basic
data. we necd to oblain photosynthetic rates under various water stresses.

Observations in the field and nursery suggest that genetic varialions
are great in the species. Occurrences of albinos, deformed leaves, abnormal
seed forms as well as great variations in growth rates in the field suggest
that detailed study is nceded for selection of seed trees.

Conclusions

From the experiments conducted, the following suggestions can be made
for handling Inrsia palembanica.

I, Direct sowing with scarified seeds can be done. One of the best methods
to scarify the seed is to scrape off the small swelling point of the seed-
coat on the opposite side of the hilum. If the rodent population is
high in the -planting sitc, protection of the seed by a bamboo column
may be helpful.

2. The seed should be placed 5—7 cm under the soil surface in vertical
position with the hilum down to promote shedding of the seedeoat during
seedling emergence.,

3. Good fertile and well acrated soil is needed for plantation.
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GROWTH AND STORAGE OF BARE-ROOT PLANTING
STOCK OF DIPTEROCARPS WITH PARTICULAR
. REFERENCE TO SHOREA TALURA

by
S. Sasakr*
Summary

Transpiratory waltet loss from seedlings appeared to be the most
serious problem in lransplatmg of Dipterocarp seedlings, particularly for
bare-root planting.  To minimize the water loss from the scedlings, lissues
such as all the leaves and young portions of stem were removed from the
transplants of Shorea talura. Such heavily pruned seedlings survived in
the open and developed axillary buds, with the uppermost bud taking over
the role of the leader shoot. Thercfore the seedlings seldom developed
multileader shoots.  With these pruncd seedlings of Shorea tedura, and
Hopea odorate, bare-root transplanting resulted in almost perfect survival.
The growth of bare-tooted seedlings, however, was accelerated 10 months
after transplanting. The pruned secdlings could be stored in a poly-
ethylenc plastic bag at feast for several months, particularly Shorea talura
and Hopea odorata scedlings which could remain viable for more than 7
months. In addition, the pruned seedlings of Shorea talura were pro-
pagaled vepelatively by laying down the pruned leafless seediings
horizontally. Axillary buds developed - into several plantlets growing
vertically with their individual root system initiated. These resulls suggest
that some of Dipterocarp specics have a potential as species for amﬁc:al
regeneration.

Introduction

Drooping of the leaves is common in many broad leaf specizs under
direct sunlight during midday. The phenomenon is particularly distinct in
Dipterocarps with fong petioles. This suggests that walcer loss by traus-
piration during the day-time may be a serious problem in transplants. Leaves
arc needed for growth, but may be detrimental temporarily at the time of
transplanting, even for transplanting of potted seedlings. The problem may
be further aggravated by the traditional nursery practice of raising seedlings
under heavy shade which tends to produce very tall seedlings with large thin
tender leaves but little root system. Thercfore, experiments were conducted
to observe the effecls of leaf removal on survival of transplants and the
leasibility of bare-root planting of Dipterocarp seedlings without leaves.

Experimient T Effects of leaf removal on growth of scedlings

Seedlings of Shorea talura grown in the open in the nursery bed for
I5 months were pulled out and used for the experiment.  Trealments con-

* Present address: Forestry & Forest Producels Research Institute, P.O. Box 2. Ushiku,
Ibaraki 300-12, Japan. This work was carried out at F.R.[. Kepong under a co-
operative programme belween FORL and T.AR.C.
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sisted of (1) all leaves removed and the leader shoot and tap root trimmed;
(2) the leader shoot and tap root trimmed, but a few leaves left intact; (3)
no treatments on the shoot but tap root trimmed. Each treatment consisted
of 20.replications. After these trcated seedlings were transplanted, they were
not watered except for natural rains. One week after transplanting, buds
were observed to expand from the axils of leaf scars of the scedlings.  Also,
fine lateral toots were regenerated. The seedlings with a few leaves intact
delayed new bud development until those leaves had fallen oft. In contrast,
the seedlings with all leaves intact showed symptoms of desiccation and
die-back from the top. Alfter leaves were shed off by desiccation, a new
flush of growth started from the lower portion of the stem, but there was a
delay of one month’s growth compared with the scedlings without Jeaves.

A new axi”ary shoot, generally the uppermost one, took over the
leader shoot role (Fig. 1), as the previous leader shoot was trimmed off or
died back. None of the seedlings developed multiple leaders (Fig. 2).

Measurements on diameters, total shoot growth and new Jeader growth
were faken 15 months after transplanting (Table 1). These results indicated
that the seedlings with their roots and shoot trimmed as well as all the
leaves ‘stripped off were best suited for transplanting. For practical work,
these trimmed and stripped seedlings are easily handled in the field.

Table 1. - Growth response in Shorea talura seedlings affer bave-root

transplanting™®
Average diameter of Average height of
= o o o . o
I B~ < 3 03 8
& 2
Trealment o 25 o= 2 =
) z 4 = zZ W
[s] o .0 el =4
A | S O

(e after 15.5 months} (em after 155 mionths)

1.  Shoot and root pruned

All leaves reroved 2.60* . 1.57 128.0 . 96.1 31.9*
2. Shoot and root pruned
A few leaves intact 1.79* 1.15 86.7 60.9 25.8¢%

3. Shoot intact, but raot"pruned
All leaves intact .87 Lt 75.1 50.4 24.5%

* Seedlings used for this experiment were 50 to 60 cm in height and 0.8 to 1.0 cm
in diameter at the time of trealments. i

§ Old stern means original stera left and new leader shoot is axial stern regeneraled

after treatment. Length of old stem in Treatment 3 indicates reduction of axial
stern by dieback.
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" A new leader shoot development from the uppermost

Figure 1.

Hary bud (Shorea talura).
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Establishinent of single leader trees of Shorea talura bare-root

transplan{s.

Figure 2.

The pholo was taken 14 months afler (raunsplanting.
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Exp{:rimc.nt 1. Effccts of stem length on shoot regeneration

Since the uppermost leaf axil generally produced the new leader shoot,
an experiment was carried out (o determine the optimal number of nodes
(leal ‘scars) to be left on the prunned stem in order to obtain robust ré-
generation of new leader shoots. In addition, effects of organic fertilizers
on shoot development were tested.  Shorea talura seedlings of 1.5 years age
were ‘pulled out from the nursery bed. Roots were trimmed and leaves
were all removed. Then shools were cut off: (I} just above the first node*,
(2) above the third node, (3) above the fifth node, and (4) above the ninth
node. Seed!inas with shoots']eft intact were used as ,controls.

A nursery bed filled with sandy soil was parutloned into 4 sections
which recewed different soil treatments. Into each section, ten scedlings per
treatment were transplanted. The 5011 treatments consisted of (1) mulching -
with 2 gallons of sawdust compost, (2) mulching with 2 gallons of sawdust
compost plus 284 grams of. organic fertilizer, (3) 28.4 grams of organic

fertilizer alone, and (4) control with no treatment.

Bud expansion was vigorous in the compost and in the compost plus
the organic fertilizer. In the early stages of growth, multiple leaders
developed but fater one of the new shoots took over as the dominant leader

“shoot.  The recovery of apical dominance is probably a natural phenomenon
in young scedlings of Shoreua species. Similar trials on Shorea ovalis, Hopea
adorata, and Dryohalanops aromatica showed - development of new robust
Jcader shoots. Also. in the forest, there were many saplings with good
lcaders which developed from axillary buds. Therefore. there is no fear that
mwultiple leaders will result from shioot trimming.

Growth of the seedlings was assesscd 290 days. after the experiment
was iniliated (Table 2).  The results showed that the compost plus the
fertilizer mulching definitely promoted new shoot development, followed by
the compost alone and the fertilizer alone respectively. . This may be due
to the fact that the nursery bed was filled with quartz sand, which contains
little nutrients. The physical propertics of the soil might be also improved
by ‘mulching wilh organic matter. Shoot pruning appeared to cnhance the
new shoot development, ‘as control <;cc:(llings showed less development of
new shoots than (hosc top-pruned. For practical purposes, ‘the number of
nodes left on the stem did not influence the new leader shoot development
much. Therefore, the exact position of shoot (rimming is not important,
provided that a few lcal scars are left on the stem. Transplanting of pruned
and bare-rooled seedlings is very practical because of easiness of handling,
and better survival due to minimisation of desiccation probiems.

"’Ti]c first node or node §{ is taken as the node of the first fohagc leaf. The cotyle-
donary node in Shorea tolura is al ground level (hypogeal germination) and i$ nol
counted.
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Expreriment _lli. Storage of barc-root planting stock

The bare-root planting method discussed in the Drevious experiments
needs 1o be extended to a method for seedling storage.

Shorea talura seedlings, with: their roots and shoots trimmed as well
as all leaves stripped off, were stored under various conditions. For this
cxperiment, the seedlings were graded into large-sized scedlings with root
collar diameter over 1.0 cm, and small-sized seedlings with the root collar
diameter below 0.5 cm. '

In order (o study the cffect of moisture contents on survival of stored
seedlings, the seedlings were stored in-open bags as well as in closed plastic
bags. Also, optimum temperature ranges were surveyed by storing the
seedlings at 4 17, and 25°C. To avoid premature bud exp:insion due to
excess of moisture in the bag, the roots were not washed., Al the treatments
arc shown in Table 3. Five seedlings from each treatment were taken out
periodically and transplanted to the nursery bed in the open.

Survival percentages are shown in Table 4. Apparently, large-sized
scedlings showed better survival percentages than small ones, possibly due
to larger available reserves of water and food in the tissues. The open bags
could not keep the seedlings alive. * This suggests that the m_ainta'inancc of
moisture content in the tissues is important for the seedlings to survive. .

Table 3. Storage treatments of pruned and bare-rooted Shorea talura

seedlings
Temperature  Size of scedling Number of Stored in
seedlings
Small 5 Open plastic bag
Small 25 Closed plastic bag
4°C Large 5 Open plastic bag
Large 25 © Closed plastic bag
Small 5 Open plastic bag
Small 25  Closed plastic bag
17eC Large 5 Open plastic. bag
Large 25 Closed plastic bag
Smail 5 Open plastic bag
25°C Small 25 Closed plastic bag
Large 5 Open plastic bag
Large - 25 Closed plastic bag
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Table 4. Survival % of Shorea tfalura seedlings after storage

Temperature Secdling Storage period (weeks)
siored size 1 2 3 4 ]
o Yo Survival
4°C Small 80
Large 60
Open 17°C Smatl - 0
bag Large 0
25°C - Small 1
Large 40
4°C Small 100 100 40 20 0
Large 100 100 100 80 0
Closed 17°C Small 100 100 40 30 40
bag Large 100 100 100 10 160
25°C Small 100 100 100 160 100
" Large 100 100 100 100 100

Storage at low temperature appcared to be detrimental to 's'ceclllings.
[n the case of small seedlings, even in closed bags, a gradual decline in sur-
vival was cvident. Although the large-sized seedlings were still surviving
after 3 weeks at 4°C, their bud development was markedly delayed.

Growth measurements were laken 15 months after the experiment was
inttiated (Table 5). The growth of large-sized seedlings was fac better than
that of the small ones. For up to 2 weeks of storage at 4°C, the secdlings
were not alfected by the low temperature. However, storage at 4°C for
more than 3 weeks caused retardation of growth. Storage at 17°C f{or niore
than 3 weeks may also retard scedling growth. In contrast, storage at 25°C
in an airconditioned room appeared to be promising for a long term storage,
as the seedlings stored for 10 weeks showed considerable growth during a
390 day-experimental period. '

Since the results indicated that storage at 25°C was promising, a storage
trial was conducted to estimate maximum longevity of scedlings at 25°C.
Shorea talura seedlings with their roots and shoots trimmed and all the leaves
stripped off were stored in polyethyleinc plastic bags at 25°C.  These scedlings
survived at Jeast for 7 months and were successfully transplanted in the
nursery.  Similarly, Hfopea oderata scedlings survived for 7 months or more
(Table 6). On the other hand, Shorea ovdlis. one of the Red Merantis,
suffered loss of viability to 60% after storage for 2 months. Further technical
refinements for other species may be necessary {or a large scale application.

A field trial by bare-root planting by the Silviculture Seclion in Suneei
Buloh Forest Reserve. showed encouraring results for Shorea falura. More
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trials including various species are nceded to further evaluate the method.
At present, it is noted with confidence that the method is applicable at least
for White Meranti species of Shorea and Hopeéa.

Table 5. Growth of stored scedlings of Shorea talura, after transplanting

Diameter Height
Storage . Storage Growth
period Scc.dllng temp. Roolt New  Tolal New shool period
(week) slZe Q) collar shoot _ (days)
(em}
: 4 1.73 1.20 10.5 592
Small 17 1.34 - 0.95 54.5 47.3
25 .34 1.17 46.9 41.2
| 4 236 149 969 741 453
Large 17 2.44 1.23 826 64 .4
25 2.27 i.70 93.0 80.9
N ' 4 108 046 260 19.5
Small 17 1.51 0.81 48.2 39.7
) 25 1.96 1.12 707 543
2 T 4 2.40 126 899 634 446 -
Large 17 2.26 1.32 79.0 62.6
25 - 252 1.33 Q1.4 65.5
4 0.89 - 0.44 24.3 i3.8
Stnall I7 0.95 0.50 29.8 19.8
25 i.10 0.5t 379 L 204
oo 4 178 092 598 48l 439
Large 17 2.43 108 - 689 54.0
25 2.72 1.36 93.8 71.2
4 0.94 0.62 38.5 32.5
Small 17 1.54 0.75 56.8 37.5
25 1.66 0.91 548 . 44 .4
4 B 4 168 078 399 330 432
Large 17 233 1.63 100.5 80.0
25 2.62 . 1.24 95.8 6?_.8
4 No survival
Smali 17 073 0.25 [5.3 1.5
25 127 0.68  40. 25.9
10 T T T T T T T T T T K survival 190
Large 17 ©LSI 0.87 55.5 45.4 '

25 1.45 1.07 64.2 54.1

Experiment 1V,  Growth pattern of bare:rooted fransplants

© The bare-foot planting method described above showed high survival
pereentages in the open.  However, establishment of the leader shoot and
acceleration of the leader shoot growth appeared to suffer a certain time lag.
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Growth parameters were plotted against the time after transplanting. Total
height growth, new leader shoot elongation, root collar diameter, and new
leader shoot diameter all showed significant increases 10 months after trans-
planting (Fig. 3 to 6). Thereafter, the growth is accelerated and bare-root
seedlings of Shorea talura can grow as tall as 200 cm within 1.5 years after
transplanting. However, the bare-root seedlings may take at least one year
for firm establishment.

Table 6. Survival of long-term stored seediings

% survival of one-year old seedlings

Storage period

_ 1 month |2 months {3} months| 4 months | 7 months
Shorea talura . . _

Stored in closed
bag at 25°C 100 100 100 - 80 80

Hopea odorutu

Stored in closed
bag at 25°C 100 : over 50

Shorea ovalis

Stored in nursery
office at room

temp. 80 no data
Closed bag.

Stored in closed
bag at 25°C 80 60

Shorea assamica

Stored 1n closed
bag at 25°C over 30

Experiment V. Vegetafive propagation using bare-root planting stock

Plantlet development was from axillary buds of horizontally laid bare-
root planting stock. '

The prospects of vegetative propagation for Diplerocarps have been
cxplored-by Momose (1978) who succeeded in rooling of cuttings of Shorea
(White Meranti), Vatica, and Anisoptera species. According to his data,
Red Meranti was difficult because ol poor callus {ormation. Results from
bare-root planting in this study also suggest that White Meranti and Hopea
have strong regenerative ability.
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In the forest, it was often obscrved that therc was vertical sprouting
from fallen tree trunks. Thercfore an experiment was conducted to induce
upright growth of new shoots from axillary buds of seedlings placed in a
horizontal position. Rooting of the new shoots was also tested.

Shored talure and Shorea ovalis seedlings were used for the experiment.
All the leaves were removed and the shoot tips were trimmed to release
axillary bud development. These seedlings were horizontally placed on the
nursery bed and covered lightly with soil.

Although all Shorea ovalis Seediingsfaiied to develop new shoots under
the ground, Shorea’ talura scedlings initiated new shoot growth vertically,
(Fig. 7). Rools began to form within 10 months after the experiment was
initiated. '

This experiment suggests a possibility for vegetative propagation with
a higher percentage of success. The method can be improved by exposing -
the seedlings to light to ‘stimulate bud development, and then by burying
in soil to stimulate root formation. Further experiments are urgently needed
to develop the method for. other species. 1f the bud development is first
promoted, even Red Meranti species might possibly be propasated vegeta-
tively by the method.

All the results and other observations suggest that White Merantis,
particularly Shorea ralura are the casiest species for silvicultural handling.
Therefore, Shorea talira should be given morc altention in regencration
programes. ' '

Reeommendations

. To promote Jateral root development, tap rools may be pruned.
ICis necessary (o grow seedlings with a well balanced shoot/root ratio,
Shorea talura seedlings should be grown in the open or in a high light

intensily area (o promote ioot growth. Seedlings that have becn grown
1 shade may casily be desiccated after transplanting probably- because

J

their transpiration rafes arc high,

3. Concrete seedling beds arc detrimental 1o root development, particularly
in the open. Root development is hindered- physically and t(he heat
on the concrete may cause root growth to slow down. It is better for
secdlings (o be grown on the ground with their root system penétrafing
into it.  When (he seedlings are due (o be transplanted elsewhere, the
roots can be pruncd. '

— 48 —
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4,

Bare:root planting. can " be - used for Shorea talura. To avoid trans-
pirational loss of water by leaves. alt leaves of the seedling should be
stripped ol and the upper part ol the shoot should be mmmed The
root system also can be trimmed.  Provided .a few leaf scars are
present on the “stem, new buds start ~developing after transplanting.
New lcader shools should ‘develop among the activated buds, and very
" rarely do the seedlings form mu][xp!e leaders.

In the feld {hc_acceleration_of-growth in .bafe#i‘o_dt transplants takes
at least 10 months. Therefore, weeding of planting lines may be re-
quired.  Survival of the bare-rooted seedlings is quite high and handling
15 easy.

The bare-rooted slock can be stored in plastic bags. If the moisture
content of the seedlings is maintained at a high -level in air tight con-
ditions, -the seedlmcs can be stored for more than 7 months at 25°C
roon.

Shorea tafira seedlings can’ be propagated vegetalively. Cuttings: are
successful.  Also. using scedlings with all the Jeaves stripped off and
apexes trimmed, a new method for vegetative propagation has been
developed, by placing the scedlings in a horizont position (0 stimulate
vertical shoot devclopment from dormant axillary buds to make new
individual pluitlets.  The method needs further refinement (o promote
carly root formation. :

Reference

Momose, Y. (1978) Vepetative propagation of Malaysian trees. Malay. Tor. 41:

219 —223.
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STORAGE AND GERMINATION OF DIPTERGCARP
SEEDS
by

S. SASAKI*
Summary

Maturation, storage, and germination ¢f several Dipterocarp sceds
were studied. As Dipterocarp seeds matured. they reduced maisture
contents to 30 to 50% of the dry weight.. The mature seeds geiminated
faster, and their: percentage of germination was higher than that of the
immature seeds.” Therefore, timing of seed colleciion is very important
for practical silviculture. _ _

Dipterocarp seeds lost viability at low moisiure contents Lelow 20 to
30% of the dry weight. For the storage of Dipierocarp seeds, the moisture
cortent must be maintained above the critical level in each species. In
vrder to maintain the moisture content, seeds may be stored in a plastic
bag or a closed container to keep the relative humidity above 957 at
25°C. The relatve humidity can aiso be maintained at over 95% by
circulating air butbled through water or 11% H.S80;,. B

Dipterocarp seeds may be classified by their degree of tolerance of
low temperalures.. Most of White Meranu seeds survived at 4°C for at
least 2 months, whereas those of Red Meranti and Balau needed tem-
peratures above 15°C for survival. Some Hopea and Dipterocarpus seeds
also survived at 4°C for at least a month. Of all the sceds tested. seeds
of Shorea tulura were the best in terms of storage. showing ability to
survive for more than & months at 4°C. :

Introduction

Typically non-dormant Dipterocarp seeds have high moisture contents
and continue to be very active biologically even after wiaiuration (Sasaki,
1977; Sasaki and Mori, 1978). The seeds of Dryobalanops aromatica have _
been observed to germinate on the mother tree before they are shed (Sasaki
et al., 1979). Therefore, storage of Dipterocarpaceae sceds is more difficult
than that of typically dormant seeds (Jensen. 1971; Tamari, 1976 Tang, 1971;
Tang and Tamari, 1973). :

Dipterocarpaceae consists of several genera and subsenera (Symington,
£941). Preliminary experiments showed some physiologically characteristic
differences in the seeds between genera or subgenera. With respect to the
survival of seeds at low temperatures, in particular, Dipterocarp seeds can
be classified into two groups, with those in the first being able to tolerate

_ * Present address: Forestry and Forest Products Research Institute, P.O. Box 2, Ushiku,
Itaraki 30012, Japan. This work was carried out at F.RI. Kepong under a co-
operative research programme between F.R.I. and T.A.R.C. (Tropical Agricultural
Research Centre of Japan).
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temperatures as low as 4°C, and those in the second being unable to tolerale
temperatures below [5°C.

Specieé with seeds possessing the ability to survive at 4°C

{a) Shorea talura (White Meranti Group)

Maturation: 1n 1975, Shorea ralura trees at Field 19 of the Forest
Research Institute, Kepong fruited at the end of March and subsequently
shed all the seeds at the end of April.  Maturation, germination and slorage
of these seeds were studied.

The percentage of germinalion of Shorea falura sezds showed a signi-
ficant increase as the sceds matured. Germination tests in the laboratory
as well as in the seed bed in the nursery showed that the percentage of
germination of the seeds increased in a relatively short period toward the
end of seed development wliich is close to the stage of seed shedding (Fig. I).
The moisture content! of the seeds has an inverse relationship to the per-
centage of germination, with a gradual decline of the moisture content as
the seeds mature (Fig. 2). Similarly, the time lag between the start of water
imbibition and the emergence of radicles became shorter in seeds collecled
later (Fig. 3). Mature seeds were able to be stored for the longest period
(Table 1). Theiefore, it is important to collect compelely mature seeds
for storage for long periods.

100
x
50 x
x
- L ]
o fa
)‘/ o .
0 3 . ! : :
Harch April Apell April
i Lo 20

Date of seed collection

Figure 1. Increase in perceniage germivation of Shorea talura sceds correspouding o
_ malurafion s{ages.

Germination percentages for large size sceds (@) and small size seeds (o) in the nursery

bed, as well as those in Petri dishes {x), are shown. '

1 Irr the present experimenis, moisture conlent is given as a perccntage of the dry
weight of seed. :
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Figure 3. Water imbibition period for Shorea talurn sceds.
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Figure 2. Chapges in moisture content and percenfage germination of Shorea falura
- seeds’ in relation to maturation.
Moisture contents of seeds collected from the ground (@) and those collected irom
the tree (x) are shown. :
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Table 1. Storage of Shorea talura seeds collected at various

stages of maturation

Original Moisture Maximum storage

germination content germination
Date of collection % (%) days A
April 8, 1975 50 120.0 84 50
April 12, 1975 80 105.9 145 30
April 21, 1975 95 68.1 182 69

Fifty percent of the less mature seeds collected on April 9, 1975 ger-
minated initially, but one month after they were stored at 4°C, germination
increased to 1009%. This suggests aftei-ripening of the seeds during storage
at 4°C. - Similar trends were observed in Hopeua odorata and Hopea helferi
(Tamari, 1976).

A prechilling effect was observed in Shorea talura seeds, and this was
probably related to the after-ripening phenomenon. The seeds stored al
4°C in a closed polyethylene plastic bag germinated very quickly alter
prolonged storage (Fig. 4). Further experiments were therefore conducted
to examine the effect of prechilling on Shorea talura seeds. The sceds were
placed on moist paper in Petri dishes and kept in a cold room at 4°C. At
various inlervals, the prechillied seeds were taken out from the cold room
and germinated at 25°C. The rate of germination of the prechilled seeds
was markedly accelerated as the prechilling treatment was prolonged, where-
as the seeds kept at 25°C showed a gradual decline in the germination rate
(Fig. 5). The resulis indicate that a certain degree of the prechilling effect
is present for Shoreu talura sceds. However, extremely prolonged prechilling
may be detrimental to the seeds, because slow infection of fungi and bacteria
deteriorates the seeds.

Critical moisture content for survival of seeds: Shorea talura seeds
kept at 25°C in an open plastic bag showed a decline in the moisture contenl
by natural desiccation. Thesc sceds lost viability when the moisture content
declined to a level of 209% (Table 2a). In a simijar experiment, the sceds
kept at 21°C showed loss of viability at 20% of the moisture content (Table
2b). Also, quick desiccation of the seeds killed the seeds. Therefore, the
critical moistare content for the survival of Shorea talira seeds falls in a
range belween 20 and 25%.

Tolerance of low Vle.vnperafure._'- Temperatures below the freezing point
killed Shorea talura sceds. However, one remarkable phenomenon was the
survival of Shorea talura seeds at 4°C. As shown in Table 3, the seeds
stored at 4°C survived for more than 5 months, -provided that the moisture
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¥igure 5. Effect of prechilling on Shorez {alum sced germination.
First numbers indicate the duration of treatment, in days at the specificd temperatures.

Table 2a. Effect of moisture content on viability of Shorea talura seeds
stored at 25°C

Sce.ds_ collected on Seeds collected on

April 12, 1975 April 21, 1975
Days | 24 31 37 62 0 15 30 40
Germination (%) ' 60 10 5 0 25 .90 0 0

Moisture content (%) 412 22.5 204 160  68.1 456 20.9 I8.]
Table 2b. Effect of moisture content on viability of Shorea talura seeds
' stored at 21°C

. Seeds collected on May 19, 1977
Days 0 7 20 -32 . 46 69 88 122

Closed bag
Germination (%) J00 92 87 64 82 87 95 97
Moisture content (%) 55.0 555 553 508 527 504 50.7 489
Open bag . _
| Germination (%) 100 97 8 8 84 48 21 0

Moisture content (%) 550 51.9 50.8 44.6 364 32.0 283 257
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Table 3. Storage trials for Shorea talura seeds

Storage Treatment Maximum Final Final
temperature duratioi germination moisture
o - content

(months) {(S) ()

15°C Closed bag 3 64 29.5

21°C Closed bag 74 90 45.9

1O°C* Closcd bap 5 5 - 625

. 4o+ Closed bag 5 a2 60.3

Desiccator 5 42 55.7

Closed bag 5 58 :

Seeds collected in Perlis on April 20, 1977.  Original seed germination 93%. Original
sced mosture content 56.7%%.

25°C Closed bag 2% 70 257
21°C Closed bag 10 33 462
[7°C* Closed bag 3 S 43 25.6
1peC* Closed bag 3 . 75 47.6
4=C* Closed bap 4 79 46.8

Sceds collected in Perlis on May 19, 1977.  Original seed germination 100%. Original
mnisturs content §5.0%5¢.

* Powzr failure and mechanical problems caused the deferioration of the seeds slored.

content was maintained at a Jevel above the critical moisture content.  Even
after 6 months in storage at 4°C, the seeds did not develop chilling injury
symptoms. - The adaptation of Shorea™ ralura seeds to the tow lempcerature
appears to be unique among Dipterocarp sceds.

Storage triuls:  Storage experiments were carried out with a large
quantity of Shorea talwra sceds. Due to mechanical problems in the cold
room, the sceds stored at 4°C lost viability and the results of the 4°C-storage
could not be assessed fully, However, judging from the other tests (Table
1), thc secds can probably be stored more than 6 months al 4°C. For
practical purposes, storage at 21°C would be the best among the siorage
treatments (Table 3). As suffocation causes fermcintation of the seeds and
secondary fungus infections, a ventilation system without reducing the
moisture content needs to be developed. For this purpose. the plastic bag
with slight ventilation through a chimney at the lop of the bag was cffective
in preventing the seeds from suffocating.

() Other species of White Meranti Gruir.p

Seed maturation of other While Mcranti specics appcars to follow a
patiern similar to that of Shorea talura.  Seeds with a high moisture content
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of above 100% did not survive a long-term storage.  Shorea assamicu, Shorea
bracteolata, Shorea hypochra, Shorea resinosa, and Shorea sericeiflora sur-
vived at 4°C, aithough the duration of survival at 4°C varied among Species
(Table 4). One of the factors for secd survival may be the state of matura-
tion of the seeds, as fermentation and suflocation were often caused in
relatively immature seeds.

(c) Hopea species

Hopea ferrea, Hopeu lutifolie, Hopea odorata, Hopea nervosa, Hopea
subalata, and Hopea wightiana survived at 4°C for various periods (Table 4).
However, the duration of survival at 4°C did not exceed 3 months. Also,
Hopea helferi has been shown to be tolerant of low temperatures (Tamart,
1975).

Some of the Hopeu nervosa seeds stored at 21°C survived for more
than 10 months in a preliminary experiment (Table Sa, 5b). In the cx-
periment, some of the seeds were suffocated and infected by fungi, but some
seeds were kept intact. During the storage, some seeds germinated, but
their growth was arrested in the storage chamber. These germinaled plant-
lets resumed growth on wetl paper in a Petri dish, and were finally trans-
planted to 'pols in the nursery. The germinated plantiets can. therelorce,
be used as planting stock. This indicates that jong-term storace is possible
for some species of Hopeu, provided that suffocation and fungus infection
are prevenied.

(d) Dipterocarpus species

Dipterocarpus oblongifolius seeds survived at 4°C for at least 2 months,
Other unidentified species also showed a similar tendency.

(e} Yellow Meranti species

Shorea resina-nigra, Shorca mudtiflora, Shorea fuguetiona, and Shorea
hopeifolia seeds survived at 4°C for about a month.  However, slow develop-
ment of chilling injury symploms finally killed the seccds.

{f} Vatica species

Only two species, Vatica lowii and Vatica cinereu were lesied.  These
two species showed some degrec of tolerance to low lemperatures, bul the
degree of the tolerance could not be evaluated fully because of immature
seed sources.

(g) Dryobalanops, Baluenocarpus, and Carashorea species

The seeds of Dryvhalanops aromuatica, Dryobalunops ovblongifolia,
Balanocarpus  heimii, Parashorea densiflora, and Parashorea maluanonan
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survived at a temperalure below 10°C for one or lwo weeks. However,
survival at 4°C did not exceed a month.  Some Parashorea may need (o
be re-examined on their tolerance 1o low temperatures as the species involved
in this study showed a wide variety of physiological characteristics.

Table 5a. Survival assessment of the sceds stored for 10 months at 21°C

No. of

seeds Percentage
Seeds decayed including seedling decayed 141 19
Germinated seeds alive = 4137 56
Sound ungerminated seeds 188* 25
Tota} seeds 742 100

The seeds used in the experiment were collected on 29th, July, 1976 and their survival
was assessed on 27th, May, 1977.

* These seeds showed 73% germinaticn al 10 months and 75% gcrmination at 11
months. Percenlage germination in Table 5b at 10 and 11 months were calculaled.

T Radicles have a potential to grow. These scedlings were able Lo grow in Petri
dishes. Also, radicles can be prunned to promote lateral root development. The
seedlings were successfully planted in the nursery.

‘Table Sb. Storage of Hopea nervosa sceds in the closed bag at 21°C

Germination aller storage for
{(months)

Initial germination H L5 10 1

Germination perccniage

100 oo . 50 19* 19*

Among the species lesled, Shorea tafura seeds showed the highest
tolerance to low lemperature, and other White Meranti secds appeared to
have this capacity too. Dipierocarpus sceds also tolerated storage at low
temperature. These two groups have a common physiological distinction
in that the main seed reserve consists of slarch.

The tolerance of the seeds lo low lemperature needs lo be sludicd
in detail.  Since after-ripening and prechilling effects have been demonstrated
in' Shorea talura sceds, the tolerance is probably physiologically related to
-the dormancy: processes. Also, the fact that seeds tolerant of low tem-
peratures may be stored for a long term compared to the non-tolerant seeds
indicates that dormancy is a telated process.
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Species with seeds not possessing the abilify to tolerate temperatures below
15°C

Two subgroups of Shorea, Red Meranli and Balau. have becn shown
to be highly 'susccf)liblc to low temperature damage at 4°C by Tang (1971).
In that study, the sceds of the two groups developed chilling injury symptoms
within 2 hours. - The cotyledonous tissues lost: elasticity and became brittle.
The color of cotyledons changed from green or while to water-soaked necrotic
brown. The development of symploms in the radicles was delayed. but
followed a ‘pattern similar to that of the cotyledons. The color changes in
the tissues did not take place when the seeds were placed in a freezer at
~20°C, but the seeds lost viabilily nevertheless. This indicales that enzyme
systems that cause brown staining, probably polyphenel oxidases, are also
susceptible to the subzero temperatures. Microscopic observations suggest
that brown staining is present on the cell wall and that cell membrances are
ruptured by chilling injury.

(u) - Shorea ovalis (Red Merunti Group)

The seeds were collected from an isolated’ trec.  No ather trees were
fruiting nor flowering in the vicinity. The first collection of the sceds was
made on Aug. 14, 1975, Thereafter, the sceds were collected on Aug. 18
and 29, and finally on Sept. 8, 1975, Immecdiately after the last collection. -
ail" the remaining seeds on the trec were shed and the development of new
leaves was observed.

Seed maturarion:  Although germinalion rates were high, even in the
carlter collections, other factors indicated that maturation processes were
progressing until the seeds were shed from the tree (Table 6).  For cxample,
the moisture content declined from over 1009 to 53%%.. Also, the time for
radicle emergence after imbibition was shortcned in the sceds from (he-last
collection. The decline in the moisture content appcared to prolong the
viability of the secds during storage, as fermentation and fungus infection

Table 6. Date of sced collections in relation to maturation of

Shorea ovalis secds

Date of collection : Aug. 14  Aug. 18 Aug. 29  Sept. 8
Gernvination (G%) 100 IOO _ 100 160
Moisture content (%) 138.7 144.9 55.2 532
Duration of imbibition for

seed germination (days)* 8 8 4 3

*The time lag between the start of imbitition and the first radicle emergence was
expressed in days.

— 66_.._
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are suppressed in the drier seeds. However, artificial drying of the sceds
could not substitute for natural drying processes associated with maturation.
When the sceds were dried artificially for various durations. germination
rates immediately afler the treatment were reasonably high, depending on
the degrec of desiccation. However, storage for 30 days after artificial diying
caused complete deterioration of the seeds except for those dricd only for
a day (Table 7). Such results illustrate that natural drying during maturation
- involves physiological -processcs more complex than simple desiccation.

Table 7. Effect of artificial drying on the viability of Shorca ovalis seeds

Immediately after treatment After 30 days stlorage
Drying period’ Moisture Moisture
Germination content Germination content
() (%) (%) (%)
Air dried for 1 day 100 96.1 15 74.8
Air dried for 2 days 85 47.4 0 325
Alir dried for 3 days 40 39.2 0 9.7
Air dried for 4 days 10 15.1 0 11.7

A typical pattern of increase in the percentage of eerminalion with
decline in the moisture content was noted in Shorea dasyphylla seeds (g, 6).
The moisture content declined sharply as the percentage of germination
increased. Biological dehydration is probably associated with the initial
rapid drop of the moisture content, whereas physical desiccation may be
the main cause for the later slow decline.

The moisture content of the seeds is a good indicator for seed matura-
tion in the laboratory. However, the measurement of mwoisture content in
the field is impossible. Even in the laboratory the measurement is tedious
and time consuming. Therefore, moisture content as an indicator of
maturation is impractical for silvicultural use. A good indicator for judging
seed maturation is to examine browning and drying of the seed wings. The
wings of typically mature seeds are brown in color down lo the base of the
wing. Only the constricted bottom part of the wing basc remains green
and tlie portion immediately above the green tissue is distinctly demarcated
with dark stain. The dark stain resembles a paper chromatographic front.
The seeds with such wings have moisturc content of about 509%. The
demarcation by the. dark stain cannot bc observed in the seeds desiccaled
artificially after shedding from the trec. Therelore, wing browing is the most
useful indicator for seed maturation and it can be used as a crilerion in
seed collections '
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Figure 6. Changcs in perminafion rales and moisture conlents dunng the m"dur::hon
of Shorea das:.ph_\l!a seeds. '

Storage itrials:  As indicated carlier, Shorea ovalis sceds can neither
lolerate desiccation” below 26% (Table 8} nor temperaturcs below 15°C.
Also, seeds have 1o be malure to undergo successful storage. The best results
of more than 509 of the seeds surviving for 60 days were obtained at 21°C
in a closed pol)elhyiene plastic bag. Although fungus infection was serious
in the moist conditions. 10% of the seeds slill survived at 21°C cven after
4 months (Table 9). Fungicide dusting may be helpful for protecting the
seeds from infcction. o

Since the seeds cannot survive below 15°C, the optimum temperature
for storage of Shorea ovalis seeds shouid be examined in a range between
16 and 25°C. Temperature fluctuation in the temperature controlling device
should be considered when the seeds are stored at critical temperature.

(b) Other Shorea species of the Red Merunii and Balaw Group
Most of the seeds in the group performed best in ' storage at 21°C,
with the maxinmum storage period not exceeding 3 months (Table 10).  How-

ever, original moisture conlents suggest that somc seeds were collected
prematurely. Although these seeds cannot survive at a low temperature
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Talde 8. Critical moisture contents for the survival of Shorea ovalis seeds

Duration of storage

(Days)
Stored at 0 3 8
250C Closed bag { Gcr.mmailon (%) 100 100 90
. Moisture content (%) 532 48.2 521
25°C Open bag % Ger‘minalion (%) — 85
_ Moisture content () — 36.9 i8.1

Duration of storage

(Days)
Stored at 4 15 22
21°C Closed bag g Ger‘mmatlon (%) 100 90 80
‘Moisture content (%) 579 54.5 454
21°C Open bag g Gcr.nunatlon. (%) 100 35 0
Moisture content (%) 41.1 23.6 204 -

below 15°C. the duration of the survival at 4°C varics amang specigs.  For
example, Shorea dasvphylla survived for slightly longer at 4°C than other
seeds, with 15% survival after 3 days at 4°C.

The moisturc conlent of Shorea curtisii sceds dropped o 8.9% one
month alter the secds were left .in the aircondilioned room. In contrast,
seeds kept in the closed bag maintained the moisture contents at 549,
~with 17% of the seeds being viable. Thesc resulis indicate thal the moisture
content of the seeds can be maintained in the closed polyethylene plastic
bag, but not in the open. When the sceds arc placed in contact with con-
stant atmospheric conditions f{or a sulliciently Jong period of time. thz
moisture contents of the seeds come into equilibrium with the atmospheric
conditions.” At normal atmospheric pressures, he moisturc contents arc
niainly dependent on relative humidity (Nellist and Hughes, 1973).  Although
the equilibrium reached varies among specics depending on their seed pro-
pertics, plots of the -equilibrated moisture content against relative humidity
produce a sigmoid curve (Hubbard ér «f., 1957). According to their resuits,
the moisture content at a level above 209 has an cquilibrium with a rclative
humidity of 90% or over. Therefore, a preliminary experiment was con-
ducted to observe the elfect of relative humidity on the survival of the
seeds. Relative humidity at 25°C was controlled by H,SO, [oHowing a
prescription by Lange (1961). Shorea curtisii seeds were placed in containers
with controlled rclative humidity at 80%, 85%, 90% and 956h, as well as
in a container saturated with water vapor. The secds placed in the containers
with 95% relative humidity or more maintained the moisture conients above
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the critical level and kept viable. In contrast, the seeds in the containers
with the relative humidity at less ihan 95% lost viability and dried to a
level below the critical point within a few days.. Table 11 shows that 95
relative humld:ty at 25°C enables the moisture content of - the seeds to be
retained at over 209 for a long period. The acration through 11.029% of
H,50, (95% relative humidity at 25°C) is also effective in keeping the seeds -
viable for at least aver a month with the moisture content unchanged. This
indicales that an aerated storage chamber with controlled relative humidity
can be developed in the future. The aeratcd storage chamber may be
effective in prevenling the sceds from suffocating and fermenting.

Table 11. Moisture conte_,ntS of Shorea.curﬁsii seeds in chambers
with 959 relative humidity at 25°C

Seed source : Initial Placed in 959 relative
Treatment stage - humidity for
' ' t8 days 38 days

rrec No { B T %
"R.H. 95¢& Moaisture. conient 59.1 53.5 —
Scaled Germination 106 a5 -
Trcc No Moaslure content 59.1 — 56.4

Aecrated with

R.H. 95, Germination 100 — 67
Trec No. i _ .

R.H. 95% Moisture content 52.8 44.‘3 316
Scaled Germination 95 30 _ 13 -
Tree No. 2.

R.H. 95¢, Moisture conlent 04.1 A2 21.6

Scaled Germination’ 90 60 5

Thesc resuits show that relative humidity is important for the survival
of Dipterocarp seeds, since at least 959 relative humidity is required for
the seeds to survive. Such evidence may be further cxtended to relative
humidities in natural conditions. Seeds fallen on various forest lloors arc
subjected to a wide range of relative humidities. with only the seeds under .
a relative humidity of over 959 surviving. Probably heavy canopy layers,
itter and humus promote high humidity conditions. whercas bare Jland
creales Jow humidity conditions. At least, high moisture conditions are
prerequisite for natural regeneration of Diplerocarps.
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