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TEAK {Tectona grandis) TISSUE CULTURE : IS IT APPROPRIATE ?

by

X %
A. Kaosa-ard, P. Apavatjrut

£ X _
Royal Forest Department and Chiang Mai Unive:sity

ABSTRACT

Teak tissue culture was intensively studied during the
period of 1983--1988 1in Thailand. The experience indicated that
{a} teak can be successfully . propagated by using the shoot~tip
and/or nodal segment cultures; (b) the rate of shootlet
production was 2-3 shoots/culture/45 days: (c) rooting of
shootlets can be done easily under glasshouse conditions; (d)
teak plantlets can be transplanted successfully either to plastic
pots (for containerized plant production) or open nursery beds
{(for stump production); (e) three years after out-planting, there
is no difference in morpho/phenclogical development between trees
planted from seedlings and from tissue culture plants; (f) the
cost of plant {stump) production by using the tissue culture
technique is 2-3 times higher than that of the routine
(gdenetically unimproved seed/clone) plant (stumps); (g)
organo/enbryogenesis of teak by means of callus and spread cells
ig atill being observed. In this paper the mass clonal
propagation of teak by means of shoot-tip/bud and nodal segment
cultures are revesaled.

¥ Teak Improvement Centre, Ngano, Lampang,
¥** Faculty of Agriculture, Chiang Mai University, Chiang Mai

Paper prepared for the "Regional Symposium on Recent Development
in Tree Plantations of Humid/Subhumid Tropics of Asia"
5-9 June 1989, Serdang, Selangor, Malaysia
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' TECHNIQUES

. A series of laboratory studies on teak tissue cultur:
conducted by s research team from the CMU and RFD was reporte
regularly during the period of 1985-1988 (Apavatjrut et al, 198:
Kaosa-ard et al, 1987, 1988, Apavatjaruit et al, 1987). There ar:
three major steps in the clonal propagation of teak by meéans o:
~tissue culture technique. These steps include (a) explant anc
starter preparations, (b} shootlet production, (c) rooting o:
shootlets and (d) transplanting of plantlets. The processes o:
these steps are as follows.

STEP 1 EXPLANT AND STARTER PREPARATIONS :
Sources of Explants :

Both fruit/seed and shoot-tips of mature trees can be
used as the sources of culture explants in teak tissue culture.
The seed used must be from the selected or improved seed sources
(e.g. plus trees, seed or breeding orchards and controllec
crossing). The shoot-tips used for clonal propagation must be
from superior trees and clones selected from the breeding
populations.

Sterilization

After collection from the donor sources, the seed and
shoot-tips must be sterilized, that is to be free from micro-
organisms {(fungi and bacteria), by chemical treatments before
culturing. The process for teak seed and shoot-tips sterilizatior
is as follows:

Seed’ Sterilization : The healthy {(white) seed are carefull:
extracted from the teak fruit {(drupe) by cutting. The seed are
then soaked and regularly shaken in the 10 % (v/v) Chlorox wate:
solution for 10 minutes and immediately rinsed 3 times witl
distilled water. The sterilized seed are submerged in distillec
water for culturing.
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Shoot'tips Sterilization : " The excised shoéot-tips (about !
cm in length) are washed and carefully dress-cut into smal’
{about 1 cm) sizes. The prepared shoot-tips are surfac:
sterilized by shaking in the 10-20 % (v/v) Chlorox water solutior
for 10 minutes and are rinsed with distilled water 3 times. Tht
dead tissue are then trimmed off under aseptic/stereoscopic
conditions and the tips are transferred 1nd1v1dually to by
cultured in test tubes.

~At this sterlllzatlon step, it was found that there i:
seasonal variation in the rate of contamlnatlon of the culture
shoot-tips. That is, the contamination rate of shoot-tip:s
collected and clultured during the sproutlng or growth flushing
season (April-June) is much lower {(10-30 % } than thosze collectec
and cultured during the dormant season (November-March) {(>50 %).

Preparation of Starters :

The surface sterilized seed are placed individuall:
into test tubes containing the White (1963) agar culture mediuw
(the hormone-free medium)} for germination. Forty five days afte:
germination, the sterile seedlings are sub-cultured for shootle
multiplication and elongation.

: Similarly, the surface sterilized shoot-tips ar.
transferred individually to test tubes containing the T14 cultur.
medium developed for promoting shoot growth and development o
teak. - The component of the Ti14 culture medium has been describe.
elsewhere (Kaosa-ard el al, 1987). Forty five days afte:
culturing, the regenerated shoots having 3-4 pairs of leaves ar.
ready for sub-culturing and multiplication,

During the 5-year study period, it was found that ther
is a seasonal variation in shoot regenerating and growt.
potential of the cultured explants. That is, shoot-tips collecte
and cultured during the Bprout1ng or growth flushing perio.

{April - June) are much better in shoot regenerating and growt
potential than those collected and cultured during th
cool/dormant season (November - February).

Both germinated seedlings and regenerated shoots are a
this stage called the starters which are used in the shoo
multiplication and production step.
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STEP 2 SHOOTLET MULTIPLICATION AND PRODUCTION :

Forty five days after seed germination and/or shoot
regeneration, seedlings and shoots which are about 3-5 cm in
‘length (height)} are sub-cultured for shoot multiplication and
production. They are carefully removed from test tubes. They are
cut into nodal segments and shoot-tip segments (3-4 segments per
seedling or per shoot). Each nodal segment contains 1 pair of
leaves and axillary buds. The prepared segments are then
transferred to culture in flasks or jam-bottles containing the
T17 culture medium (about 30 segments per bottle). Under
favorable growlth conditions, the shootlets are developed the
axillary buds and the shoot apex of the cultured nodal and shoot
‘tip segments and 2-4 healthy shootlets can be obtained from =a
cultured segment. The developed shootlets are grown for 45-60
days, to reach the size of 4-5 cm in height, they are then
removed and sub-cultured for re-multiplication in the second
propagation cycle,

..Based on the research scale of 50,000 shoot production,
the rate of shoot multiplication and production from one starter
shoot can be expressed as follow:

X
Y = 8

Y is the number of shoots to be produced from a. starter shoot,
8 is the multiplication rate per shoot (4 segments/shoot and 2
shootlets/segment) and X is the propagation cycle. The estimated
shoot production is shown in the following table.

Table 1 Estimated number of teak shootlets produced per
" propagation cycle,

Cycle No. " Days No. Shoots
1 45- 60 B8
2 90-120 64
3 136-180 512
4 180-240 4,096
5 225-300 32,768
6 270-360 262,144
7 315-420 2,087,162
8 360-480 16,777,218
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For large scale production, this multiplication and
production rate is greatly limited by space and time factors. The
aspace factor includes (a) the limit of spacing in the transfer
" and culture room and (b) the limit of laboratory facilities for
large scale production. The time factor includes (a} Lhe increase
of workload and/or man-day with progressive propagatlon cycles
and {b) the duration {(45-60 days) per propagation cycle.’

STEP 3 ROOTING OF SHOOTLETS :

. To prodﬁée a complete plaﬁflet, the shootlets are
rooted. This process can be done successfully under NursSery
conditions.

The 45- BO days grown shootlets are removed, ‘separated
1nto single shoots, They 'are then transplanted for Tooting in
plastlc boxes containing sterile sand. The rooting conditions
must be (a} high moisture and humidity, (b) low light intensity
and (c) warm and humid condition of 25-30 °C. Under such
favorable conditions, the shootlets start rooting within 2 weeks
and the rooting/survival percentage of the shootlets can be as
high as 90- 100 % (Kaosa-ard and Apavatjrut, 1988) . After
rooting, they are acclimatized under normal nursery conditions
for about 2 weeks before transplanted.

It was found in the rooting study that (a) for better
survival, rooting and growth potential the transplanted shootlets
should be greater than 3 cm in size (length), (b) the: shootlets
must be free from agar medium culture otherwise they will be
infected by fungi and bacteria, {(c) hormonal treatment of
shootlets prior to rooting is not necessary, {(d) under high
noisture and air humidity rootlng conditions, the temperature
should be maintained ‘below 30 °C to. avoid the steaming effect,
(e) there is no clear cut seasonal pattern in rooting ability of
the transplanted shootlets. The variation in rooting pattern of
the study is shown in the following figure.
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STEP 4 _TRANSPLANTING OF PLANTLETS :

Generally, there are two types of teak planting stock
in the planting method, i.e. container-grown plants (pot plants)
and nursery bed-grown plants (stumps). The pot plants are.used in
the small scale planting programme such as private plantation,
road side planting, progeny and clonal tests ete. The stumps are
commonly used in the large scale planting programme. Therefore,
the production of both pot plants and stumps by using tissue
culture produced plantlets were tried.

Pot Transplanting :

Teak plantlets can be transplanted successfully into
plastic bags conteining a mixture of " top so0il. Under the shade
roof and humid conditions, the survival rate of the plantlets is
as high as 80-90 % when they are transplanted during the
beginning of the rainy season (May-July). However, the_survital
rate and growth potential will be very poor {30-50 %) if they
are transplanted during the dry {(cool/dry and hot/dry) season in
November-March. This poor rate of survival and growth potential
can be improved by transplanting under the glasshouse and mist
conditions. Two weeks after transplanting, they are gradually
transferred to grow under open nursery conditions.

Nursery Bed Transplanting

To produce stumps (the root/shoot cut plants), the
tissue culture plantlets are transplanted in nursery beds. At
present, the survival rate of the transplanted plantlets is still
very low, about 50 %, and the technigue need to be improved,

In that series of study (Kaosa-ard and Apavatjrut,
1988), 25,000 plantlets were carefully removed from the rooting
medium and transplanted into nursery beds during the period of
May~November 1987. The spacing used was 15 x 15 em and the bed
size was 1.0 x 40.0 m. After transplanting, the beds were shaded
with cloth for 5-7 days to protect against the direct sun light

and rainfall. It was found that the survival rate of the
transplanied plantlets decreased progressively from HMay (66 %) to
November {11 %} (Figure 2). Similarly, height and diameter

growth of the survived plants also decreased progressively with
transplanting times (Figure 3). To produce planting stock which"
are suitable for out-planting (1.0 cm in diameter growth) in the
following season, the transplanting of plantlets should not be
later than August. There is no difference between the
transplanted plants end the seedlings in their shoot/root system,
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Based on my previous study on transplanting techniques
{Kaosa-ard,1982), it is suggested that (&) the transplanting
techniques, e.g. the bare-rool-transplahdting technique, shading
techniques, and watering tLechnique, are needed to be improved and
{b) the most suitable time for transplanting is in May-June
which is the peak of growth flushing period of teak in Thailand.

COST ESTIMATION

A preliminary study on cost production of teak
shootlets by Mingsarn Keaosa-ard (unpublished data) suggests =a
total unit cost of 0.781 Baht {(US ¢ 0.030) and 0.432 Baht (US %
0.017) for 1- and 2-million-lot per year, respectively. This
estimation excludes the cost of rooting and transplanting . The
breakdown of the estimated costs is as follows:

Table 2 Estimated costs of shoot production per year.

Production Capacitj per Year

1,000,000 2,000,000

Cost.per Shootlet {Baht) .

Fixed Cbsts

Office/Lab, Facilities 0.195 (25 %) 0.098 (23 %)

Administration _ 0.236 (30 %) - 0.118 (27 %)
Subtotal . 0.431 (55 %) 0.216 (50 %)

Variable Costs {Sub-culture)

Culture Medium 0.006 ( 1 %) 0.012 ( 3 %)
Labor . 0.300 (38 %) 0.150 (34 %)
Energy 0.024 ( 3 %) 0.029 ( 7 %)
Miscellaneous : : 0.020 { 3 %) 0.025 { & %)
‘Subtotal 0.350 (45 %) 0.216 (50 %)
TOTAL 0.781(100 %) 0.432 (100 %)
25 Baht = 1 US$
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For a complete cost study, the following costs need to
be estimated : (a) costs of rooting of shootlets, (b} costs of
transplanting of plantlets, (c) costs of seed from the seed
orchards. and stumps grown from improved seed, (d) costs of stumps
grown from tissue culture plantletls,

CONCLUSTON

On the basis of our five year experience on teak
tissue culture, it can be concluded at this stage as follows:

using the tissue
y technique.
the developed

(a) Teak can be propagated successfully by
culture {the shoot-{ip and nodal segment culture

(b) There are four main: components in )
technique, i.e. starter preparation, shootlet production, rooting
of shootlets and transplanting of plantlets.

(c}. The starters can be prepared from both seed ({sterile
seedlings) and shoot-tips/buds of mature trees. .
_ {d). The rate of shootlet multiplication from & single shoot
is about 8 folds in 45-60 days after subculturing.

(e) The cost of a shootlet is estimated at 0.78 and 0.43
Baht for 1- and 2-million lot respectively.

{f) The shootlets can be easily roote
conditions, . :

{g) The plantlets can be transplanted aguccessfully into
pots under the warm and humid conditions.

d under the mist

(h) ‘The current survival rate of the nursery bed
transplanted plantlets is only 60 %, the technique need to be
improved.

{i} There is no difference between the nursery grown
seedlings and the transplanted plants in their shoot/root system,
(3) The cost of stumps grown from the improved Séed and
those grown from the tissue cullure plantlets is being estimated.
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Teak {Tectons grandis Linn. £,) Tissue Culture
Rooling snd Tranaplanting Techniques

: 38 B < 2
A. Kacgu-ard and P. Apavatjrut

Hass production of teak (Tectona grandis Linn. f.) shootlets
‘by means of culturing shoot tips from mature trees and explants from
in vitro-grown seedlings used in this study has been successfully
developed and reported elsewhere.

To prepare nurséry gtock for plantation establishment,
rooting of shootlets and nursery transplanting of the obtained rooted
shootlets were intensively studied during 1987-1988.

' _ In rooting study, 46,000 in vitro-produced shootlets were
transplanted for rooting in sand in plastic boxes at 72 different
dates during February - December 1987. By this developed rooting -
technique, the survival/rooting percentage was as high as 100 X with
the overall average of = 93 and 87 % at 14 and 35 days respectively.
Survival/rooting percentsge of the shootlets varied markedly with
rooting dates (70-100 snd 67-100 ¥ at 14 and 35 days).There was no
marked seasonal pattern on survival/rooting ability in this study.
¥hen shootlets were hormonal treated with 10 mg/1 IBA, 50 mg/1 1BA, 25
mg/1 NAA, IBA+NAA each at 25 mg/l, Seradix No.l and distilled water
prior to rooting, no significant effects on both rooting percentage
(95-100%) and number of the main roots produced (1.95-2.10
roots/shool) were observed at 35 days after transplanting for rooting.
However, more rooting percentage could be observed within 14 days and
qualitative difference in rooling behaviour was slso observed. '

tPuper prepared for the PSIC Conference on Biotechnology for Health
ard Agriculture held -in Washington DC June §-9,1988.

1Tenk Improvemen! Centre (Roysl Foresl Department), Lampang, Thailand

$$tFaculty of Agriculture, Chiang Mai University, Chioeng Mai, Thailand
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_In transplanting study, 21,345 rooted shootlets were bare
root: Lransplanted into nursery beds at 18 different dates during May. -
Novenber 1987. The effects of transplanting dates, plantlet sizés and
shading methods on survival and. growth were observed. The overall
survival of plantletls afier Lransplanting was relatively low (43.21%).
Both survival and growth performance of the transplanted plantlets
decreased markedly (from 65.59 to 11.45 % for sgurvival and 60.11 to
4.14 ¢m in height} wilh progressive  Lransplanting dates (May-
November), Sizes of plantlets as delermined by number of leaf -pairs
appeared Lo have less effeclt on both survival. and growth of tLhe
transplanted plantlets. The aversge survival rate of the two leaf-pair
and the three leaf-pair plantlets were 49.82 and 52.78% respectively.
Sheding methods showed a marked effect on survival of the transplanted
plantlets. The average survival under the cloth shading and the split
bamboo shading methods were 63.26 and 48.21 ¥ respectively.

INTRODXCTICN

Research on teak tissue culture by means of shoot-tip
culture, callus culture and anther culture have b_eén recently
corducted in Thailand. The main purposes of this series of study are
to support the breeding programme. and to mass  clonal propegate this
species for plantation development programme. For clonal propegation
purpose, the culture media and techniques used for shoot-tip and
explants of both sterile seedlings and mature (over 20 year-old) trees
have been fully developed for teak shootlet production.’ The -laboratory
techniques for teak shootlet production by means of shoot-tip culture
have been reported elsewhere (Apavatjrut, et al 1985,1987: Kaosa~ard
et al 1987), :

. To produce nursery stock (astumps) for oul-planting, the in
vitro produced shootlets are necessarily be first treated for rooting.
Subsequently, the rooted shootlets (plantlets) are transplanted to
nursery beds for  6-12 months. Therefore, two more important steps
and/or techniques. i.e. rooting of shootlets and transplanting of
plantlets, are needed to be developed. :
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: It is well sccepted that transferring of Lhe in vitro-
produced shootlets or plantlets to nursery conditions for rooling
and/or Lrangplanting is one of the critical points in micropropagalion
ayslem through tissue culture as the Iin vitro-produced shootleta or
plantlets will be abruptly transferred from the most favorable
conditions for their growth and developmenL to more severe oulside
conditions. This abrupt change, generally, causes low survival of the
Ltransferred materials especially when the delicate brosd-leaf plants

are mass-propegated.

As for leak, previous observations on rooting techniques of
shootlets Kaosa-ard et al (1987) and Apavat.]arut et al (1987) reported
that the in vitro-produced sheotlets (3-5 om in length) can be rooted
successfully in sterilized sand under shaded rainproof conditions. The
survival/rooting percentage of the shootlets was reported as high as
80-100 X under experimental scale. For a large scale propegation
programme, it is necessary to develop suitable techniques for rcoting
of the in vitro-produced shootlets and nursery transplanting of the
rooted shootlets for planting stock production.

MATERTALS AND METHOUS

Materials : Tesk seeds and shoot-tips of mature trees used in
thege studies were from the geed orchards and clone bank of the Tenk
Improvement Centre (TIC} in Mgao, Lampeng. The plant materials were
cultured for shoot.let ‘production in a tissie culture laboratory at
Chiang Mai - Unlver31ty {CMU)} in Chiang Mai. The rooting study was
conducted in the QU rainproof house whereas the tra.n.splantlng study
was conducted in the TIC teak nursery (170 km from Q). .

Shootlet Production : Teak seeds and shoot- tips or sprouting buds
from the TIC were brought to QU laboratory al. every two weeks during
the study period of 1986-1987. The explants wvere prepared, sterilized
and in vitro cultured for shootlet production. The in vitro culture
techniques for rapid shootlet multiplication of teak have been
‘described elsewhere {Haosa-ard et al, 1987; Apavatjrut et al, 1987)

Rooting Study : ~ Preliminary observalion conducted by tLhis
regearch tean (Knoss-ard et al 1987} indicated that Leak shuollets can
be rooted succesgsfully in mand under shaded rulnproof conditions
within 30-45 days after transplenting and there is no clonal effect on
rooling percentage of the transplanted shootlels.
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In thia study, the effects of rooling dates (rooting season)

~and hormonal treatments on survival/rooting percentage of the in

vitro-produced shootlets were investigated. The previously developed
rooling technique - was improved and employed in this study.

: Large quantily of 46,000 shootlets (about 45-day old} were
trunsferred from in vitro conditions Lo root in sterilized sand al 72
different times (rooting dates} throughout the study period (February
- December 1987). AL each rooting date, the shootlets were removed
from culture containers and individually seperated from their clumps.
The separated shootlels were washed f[ree from culture medium and
line-transplanted in plastic boxes (17x24x9 cm WxLxH) containing 3-4
ci-layer of sterilized sand for rooting. There were 100 shootlets per
rooting box. After transplanting, the boxes were covered and placed on
plastic trays for watering by sub~irrigation syntem.

_ In hormonal treatment study, 120 shootlets from clone V 27
were used. Their basal stem portion were quickly dipped in one of the
Tollowing solutions: {1) 10 mg/1 IBA; (2) 50 mg/)l IBA; (3) 25 mg/]
NAAT (4) 25 mg/l TRA + 25 mg/)l NAA; (5) Seradix (commercial rooting
powder) Ne.l; and {(6) distilled water. There were 20 shootlets
{replicates) per treatment. The treated shootlets were then
transplanted for rooting in the rooting boxes.

Survival/rooting percentage for each rooting date and
treatment were observed at 14 and 35 days after transplanting.

Transplanting Study : At 45 days after rooting, . the rooting
boxes were transported to the TIC, the plantlets (rooted shootlets)
were. acclimatized in shaded nursery for 1. week before transplanting
into open~nursery beds. In this study, the effects of transplanting
datles, shading methods and sizes of plantlets on survival and
subsequent growth were observed.

A total of 21,345 plantlets were transplanted into nursery
beds at 18 different dates throughout the study period (May - November
1887). At each trunsplanting date, plantlets were carefully removed
{rom the rooting boxes, divided according to their leaf pairs into two
main groups i.e. two-leaf-psir snd three-leaf-pair groups. They were
then separately transplanted into nursery beds at 15 x 15 cm specing
in the bed size of 1.0 x 40.0 m (WxL). After transplanting, the
beds were shaded {or 5-7 days by two different methods i.e. cloth
shading and splil bemboo shading. Watering of nursery beds was
required during the shorl dry spell periods (in June-July). The beds
were also kept free of weeds during the growing period. .
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Growth in terms of height and diameler of the survived plants
were agsessed during the dry (dormanl) season in March 1988. Planting
stock derived from in vitro cullures were lifled from nursery beds and
prepured into stumps for lield out-planting in May 1988,

RESULTS AND DISCUSSIONS

Rooting Study:

Effects of Rooting Dates : It is clear that tesk shootlets from in
vitro cultures can be acclimatized and rooted successfully by the
developed rooting technique. The survival/rooting percentages were as
high as 100 X with overall averages of 92.77 +0.80 and 86.50 +1.26 at
14 and 35 days after transplanting respectively. The results presented
in Figs.lsa and 1b showed that there was large variation in
survival/rooting percentage of shootlets transplanted for rooting at
different rooting dates. The range of survival/rooting percentages
throughout the study period (Feb.- Dec. 1987) were 70 — 100 % and 57 -
100 ¥ at 14 and 35 days,respectively. The variation was, however, not
clearly to be affected by the rooting dates. When the mean monthly
survival/rooting percentage was taken into account, the results
presented in Fig. lc showed that there was a marked seasonal pattern
on survival/rooting of tesk shootlets. The survival/rooting was
relatively high during the February-June and September - November
transplanting and relativély low during the July-August and December
transplanting. '
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_ The main causes of lowering in survival /rooting were mainly
due to (1) comndition of shoollels prior to rooting, (2) 'sleaming'
effects and (3) low rooting temperature.  The condition of shootlels
prior Lo rooting was fourd Lo be very important. IL was obmerved that,
survival/rooting rales of the large {(larger than 3.0 cm) ardd healthy
shootlets were much higher (907100 : 50/70 %} than the small and
unhealLthy shootlets (succulent or light coloured shootlets).
'Steaming’ inside the rooling boxes often occurred during the hot-dry
period was also another major causes of dying of the transplanted
shootlels. The cause of such condition was due to high temperature and
hunidity in combinalion with poor ventilation inside the boxes., To
avoid this problem, the rooting boxes must be opened for a few minutes
more often during the hot-dry period, especially during the first week
afler tranasplanting. In this rooting study, a number of shool lois
(boxes) were attacked by fungi throughout the study period,
particularly during the wet {(rainy) months in July-Augusti.

Bffects of Hormonal Treatments :  The results summarized in Table 1
showed that there were no significant differences in both rooting
percentage between 95 and 100 and number of main rcots per plantlet
when treated with IBA, NAA, TBA+NAA, Seradix No. 1 (commerciel rooting
powder) or distilled water at the concentrations studied. Based on
this result, it is indicated that hormonal treatment for root
promoting of teak shootlets may not be necessary if there is
sufficient endogenous level of rooting hormone within the cultured
shoot.lets '

Table 1  Effects of hormonal treatments on rooting of teak shootlets.
' (Bagsed on 20 shootletus/treatment.)
Treatments Days after Rooting Total No.

14 21 28 35 42 Rooted Main

¥ it r tt ¥ ¥x % ¥t % Ix ixx

* % pS % % %
IBA 10mg/1 75 0 60 35 50 45 35 65 25 75 100 1.9
IBA 50mg/1 78 0 65 20 60 50 45 55 25 15 100 1.9
NAA 26mg/1 80 0 45 55 20 80 20 80 15 85 100 2.1
IBA+NAA(25+2bmg/L) 75 O 20 .75 35 65 30 65 15 80 95 2.0
Seradix Nol{Powder)60 O 50 35 10 90 10 S0 5 80 95 2.1
Distilled Water 20 0 40 25 50 35 45 55 25 75 100 2.1

¥ % of shootlets having 1 main rootl/sahootletl
% % of shootlets having more than 1 main roots/shootlet.
1% aversge number of main roots/shoollet.
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Transplanting Study

Effects of Tvansplanting Dutes : The results presented in. Fig. 2a
showed  that transplanting- of plantlets into nursery beds is still a
major constraint in the production of planting stock from tissue
"culture technique. Generally, Llhe survival rate of the tlransplanted
plantlets wus relatively low i.e. 11.45 - 65,59 % with an overall
mean’ of 48,11 X. The survival rate also varied seasonally with
t'runbplanting dates/months. Thal wus the rate of survival decressed
progressively with transplesnling dates/months from May - Deu-mbu 1987
{(Figs. 23 and 2b).

Growth in Lexms of helght and dlameter of t.he burv1ved
plants {as measured in March 1988} also varied seasonally with
transplanting dates/months (Figs. 3a and 3b}. Both height and diameter
decreased from May to November transplmt,;.ng. The decrease in growth
rate was largely due to the decrease in age, ‘Teak.  planting (stump
planting method) in Thailand is normally conducted' in April-June and
the optimal size of the plantable seedlings (one-year-old seedlings)
is between 10-20 mm in diameter at the root collar level When  the
planl,able size of nursery . stock is considered, it is suggested that
transplanting of: plantlets should not be later than August (Figs. 3a
and 3b)
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Shading Effgcts D The: purpose of shading of*nursery beds
after transplanting was to protect the transplanted planilets from
direct sun light and direct raindrop, especially during the first week
after transplanting. The results given in Table 2 showed that Lhe
survival rate of shootlets urder the clolh shading was significantly
higher. than that under the gplil bamboo shading (63.26 : 48.21 %),
There were no differences in both' height and diameter growth of the
survived plants from these two shading treatments.

‘Tauble 2 Effects of shading methods on survival and growth of tesk
plantlets {as measured in March 1988).

Shading Number Survival Height Diameter
Methods No. % {cm} {cm)
Split Bamboo . 4424 2133 48.21  59.13 1.49

Cloth . -3274 2071 63.26 64.04 1.56

BTYécts of Plantlet Sizes : The results sumarized in Table 3 showed
that thare was no difference in survival rate. and growth in terms of
diameter between the two-leaf pair and the three-leaf pair plantlets.

Table 3 Effects of plantlét sizes on survival and growth aftter

tranéplanting into nursery beds {as measured in Parch 1988}.

Leaf Pair Number Survival Height Diameter
No. % {cm} {(cm)

2 ' 103ﬁ9 5187 49.82 59.03 + 4.00 1.35
3 '11030 4791 52.78 43,37 + 11.00 1.21
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Based on the results on survival and growth performances of
the transplanted shootletls ggesented above il is indicated that May-
June {the beginning of the rainy season) seems to be the mosi suitable
period for tranaplanting of teak shootlets. Thia time of the year is
also the peak of growth flushing period of teak in Thailand (Kaosa-

- ard, 1982). Imvediately after transplenting into nursery beds, the beds
should be shaded al least for 1 week by using the cloth shading
method. More studies on ULransplanting techniques of teak plantlets
for large scale nursery production are needed to be improved for both
survival and growih rates of the field transplanted plantlets.
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. RESEARCH APPROACIHES FOR THE
PRODUCTION OF DIPTEROCARP PLANTING STOCK
DEVELOPED AT THE WANARISET RESEARCH STATION

by o
* Fraiture, A.C. de, Sniits, W.T.M. and D. Leppe!

Introduction

The tropical rainforest in Kalimantan consists for an important part of Dipterocarpacece,
which can make up some 80 % of the tree population with dbh over 50 cm. Timber of this
family, known as meranti, makes up 25 to 30 % of the tropical hardwood timber trade
(Ashton, 1980).

Because of vanous well l-mown reasons a 31gn1ficant declme in forest area has taken place
over the last decades. (FAO forestry studies). Besides, enrichment planting in the framework
of TPTI (the indonesian selective felling system) is part of the compulsory silvicultural system
to be practised by all concessions after logging to improve the remaining forest stand. For
these enrichment plantings and the rehabilitation of degraded tands a considerable amount of
Dipterocarp planting stock is needed.

The possibility to produce planting stock from seed on a regular ba31s is limited, Species of
this family flower only once every three to five years some species even more seldom, thus
seed production is not reliable. Moreover, the seeds produced remain viable for only a few
weeks (Smits et al, 1987).

Much work has been done on vegetattve propaganon of szterocarps and this technique
scems to be the best way to overcome above menticned difficulties (Smits, 1983a). Although
big progress is made, there is still a need for further research. Since 1985, research on this
topic has been executed at the Wanariset, a research field station of the AFRD (Agency for
Forestry Research and Development) in East Kalimantan under a cooperative project between
the Ministry of Forestry and the Dutch Agricultural University. In 1987, a new cooperative
project started, called the Tropenbos-Kalimantan project (see leaflet). This paper explains the
research approaches which have been used and are still used.

1. Research approach

Qur research strategy consist of three approaches, The choice of these approaches is based
on a practical aspect/basic principle: juvenility. The juvenile or ontogenetic young parts of the
plant are not yet fully differentiated and contain the complete set of genetic information of the
motherplant (Harimann et al., 1990; Leppe and Smits, 1988). Juvenile parts still have a strong
regeneration capacity, in contrast with the adult parts of the plant. For Dipterocarps, juvenility
is crucial for successful vegetative propagation. Cuttings taken from Dipterocarp-trees older
than 5 years are extremely difficult to root.

The main aim of our research is to develop practlcal methods for the production of large
amounts of Dipterocarp planting stock of high genetic quality and at low costs.

'Researchers of the Propagation and Stand Establishment group at the TROPENBOQS- Kahmantan project,
Wanariset T Samboja, Past-kalimantan, Indoncsia.
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SCHEME 1. RESEARCH APPROACHES
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1.1, Development and quick dissemination of the standard techniques

In view of the above mentioned needs there is an urgent need for action to provide methods
for planting stock production of Dipterocaips to be used in various planting and rehabilitation
schemes, Even if it is not yet fully possible to control the genetic quality of the planting stock,
therg is an pressing need to disseminate the already available techniques. So far, two different
techniques have been developed and disseminated in Indonesia.

The first technique involves the production of wildlings which is now widely most used for
the plantations and enrichment plantings of Dipterocarps in East-Kalimantan (e.g. by Inhutani,
ITCI, Kiani Lestari and many others (Smits and Leppe, 1991)). The method consists of the
collection of seedlings from the natural forest by pulling them out of the soil. This should be
done after heavy rainfail in order to decrease the amount of damaged roots and mycorrhizae
(Marx and Hatchell, 1986). In the nursery these wildlings are first given an adaption period
under high humidity and afterwards hardened off. The disadvantage of this method is that it
~ still depends on the mast-flowering of the mothertrees, although less than is the case when

using seeds. The collection of too old wildlings diminishes the survival percentages in the
nursery and the growth in the field at least for a number of Dipterocarp species. The technique
proved to be technically feasible and economical cost efficient and further research involves
mainly optimalization of the present standard techniques. These research activities will be
discussed elsewhere.

The second technique is the production of cuttings from juvenile material. For this cuttings

— 133 —



are taken from wildlings, seedlings and older rooted cuttings, either directly of after growth
and treatment in hedge-orchards younger than 5 years.

TABLE 1. List of priority species

1. Shorea pauciﬂora 11. Shorea niacrophy]la

2. Shorea parvifolia 12. Shorea pachyphylla
3. Shorea leprosula 13. Shorea dasyphylla
4, Shorea seminis ~ 14. Shorea faguetiana
3. Shorea johorensis 15. Dryobalanops keithii
6. Shorea smithiana 16. Anisoptera costata
7. Shorea ovalis 17. Shorea selanica
8. Shorea stenoptera 18. Shorea platyclados
9. Shorea polyandra 19. Shorea albida

10. Dryobalanops lanceolata 20. Anisoptera marginata

For most of the 20 priority Dipterocarp species (see table 1) practical aspects of cutting
production has been assessed. Cuttings are best taken in the morning and before three
o'clock in the afternoon in order to reach best results (Siagan, 1990). Cuttings should be
taken of orthotropic shoots with two internodes and three leaves. The leaf surface is
generally reduced to improve results. The basal end of the cuiting should contain a node.
The cuttings are treated with rooting hormone before they are placed in the 'bubble baths',
1.e. water tanks aerated by a small compressor and covered ta keep air humidity and light
intensity on a good level. Rooting occurs usually after 6 weeks, but depends on the species
and the age of the material used.

Cuttings can also be put in solid media like vermiculite or washed river sand.

~ After rooting the cuttings are transplanted to polybags and inoculated e.g. by using topsoil
taken from around the mothertree. The pots are put under high humidity conditions for 4 to
6 weeks in order to reduce the transplanting shock. After this period the plants are hardened
of and raised in the nursery uatil they are big enough to plant in the field (for our situation
about 30 cm high). '

.. Hedge-orchards are established to ensure continuous supply of large amounts of
orthotropic vegetative shoot material. The number of shoots that can be harvested depends
upon the condition of the mother plants and the species of Dipterocarp (Smits et al., 1990).

Since 1987 several courses on the collection of wildlings, seedling identification and
cultings techniques have been given to field workers. A series of booklets in the form of
Instruction manuals have been published in the Indonesian language (Yasman and Smits,
1986; Leppe and Smits, 1988; Smits, 1986a; Smits et al., 1988). A large training nursery
has been established at the Wanariset research station under a cooperative project between
AFRD and APHI (Association of indonesian concession holders). The state forestry
enterprise INHUTANI I was the first to use Dipterocarp cuttings on a large scale. Other
concession holders are following now.
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1.2 Improvement of the standard techniques

In order to make the production of Dipterocarp planting stock more efficient (larger
amounts at low costs), research executed concentrates on improvement the standard
techniques. Only juvenile cutting material is used. Experiments on a small scale are first
established in the greenhouse. The most promising results are then tested on a larger scale in
the training and research nursery, Special attention is paid to the efficiency of the improved
techniques and cost prices. A large number of parameters are monitored and put in a nursery
cost-comparison-model, which has been developed at the station.

Research topics include :
1. The physical influences of rooting ability of cuttings of Dipterocarpaceae

In this topic the physical properties of the rooting media and rooting environment are
studied. It concerns the parameters light, humidity, temperature, aeration and pll. Data on
air humidity and temperatures are collected. Air humidity around the cuttings needs to be
higher than 90 % and temperatures should be between 20 and 30 °C, Research on the pH of
the media and light intensity are stilt ongoing. The factor light is a very complicated one.
Photosynthesis, and thus the endogenous level of carbohydrates, depends on the irradiance
level but also on the quality of the light (Hartmann et al., 1990).

2. The influence of rooting promoting substances in Dipterocarpaceae

Rooting ability depends on the endogenous levels of hormones, nutrients, and
carbohydrates. The carbohydrate level of cuttings concerns two levels : the initial stock plant
carbohydrate content, which depends amongst others on the stock plant manipulation (see
topic 3 and 4), and the carbohydrates produced by photosynthesis during the rooting
process. In the past the weight of the cutting has been used as the main parameter for the
initial carbohydrate content because of lack of chemical analysis (Fraiture, in press). With
upgraded facilities in the very near future, research will now be extended and intensified.

A lot of research has been done on the application methods and optimal concentrations of
Tooting hormones (auxins). For several Dipterocarp species recommendations are given in
the booklets (Yasman and Smits, 1987). Additional data from large scale trials are
continuously being collected in the training nursery for incorporation in the nursery cost
comparison model.

For some difficult-to-root species wounding of the cuttings and the use of hormones
mixed with fungicides (Rootone F) are studied. Preliminary results indicate promising
outcome for further practical application.

3. Topophysical influences of importance for propagation of Diﬁemm:j)aceae _

Growth habits of seedlings and hedge-orchards are studied. Cuttings are taken from
different topophysical positions and differences in rooting ability are assessed. The optimal
cutting size, the influence of the presence of basal and top buds; and the optimal leaf surface
for the cuttings are determined. An important point is the quality of the formed roots. Not
only number and length of the roots but also the root morphology are studied.

As mentioned earlier hedge-orchards can be manipulated in different ways in order to
increase the rooting ability. Research related to this involves amongst others the fertilization
of the hedge-orchards. Relations are rnade with the internodal length, the cutting size, leaf
area surface, efc..

4. Architectural growth habit of Dipterocarp.

Dipterocarps form orthotropic stems and plagiotropic branches. Cuttings taken from
plagiotropic branches will not develop into tree. Stockplants should therefore be pruned to
induce orthotropic shoots. These orthotropic shoots also called proleptic reiterations are
often more suitable to root (Smits, 1986b). Different techniques are used and compared,
Reiterations from the main stem are compared with reiteration from the branches. Branches
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are bent to increase the number of shoots. For this bending wire-netting can be used. For
all the different techniques the rooting ability of the cuttings is checked.

5. Nursery techniques

After rooting the cultings are transplanted to solid medium in polybags. Inoculation of the
rooted cuttings with mycorrhizae is necessary for the survival of the plants. Lots of
experiments have been installed to study this aspect in relation to potting mixture, light
intensity and humidity.

As the practical application is the final aim of our research, the economic feasibility of the
results are studied. The establishment of a large database to serve as the basis for
computermodels is an important part of this part of our work.

1.3. Advanced techniques : selection and rejuvenation

In the first two steps of our strategy the production of a large amount of planting stock at
low costs is being studied. The final and just as important step in our strategy is to produce
planting stock of high genetic quality. To achieve this goal a selection is made of the best
growing trees of the most important Dipterocarp species from the permanent growth-and-
yield and soil-and-site plots which form part of the same research within the TROPENBOS-
Kalimantan project. In principle we try to concentrate on those genotypes that have proven
to perform well at a broad spectrum of growth sites. Clones of these penotypes can either be
planted in seed-orchards or hedge-orchards. The seeds or shoots provided by these
orchards will provide us the high quality Dipterocarp planting stock. This initial material can
then be distributed to other locations for furtber multiplication and Jarge scale planting.

Smits (1983b) indicated that risks of genetic impoverishment may be less with
Dipterocarpaceae than other groups of trees.

The following research topics are included :
1. Architectural growth habit of Dipterocarp

The architecture of adult Dipterocarp trees is studied. Special attention is paid to natural
rejuvenation. :

2. Rejuvenation techniques in Diprerocarpaceae

This topic will be the dominant field of research for the near future, and is amongst others
part of an ongoing PhD study by one of our researchers. Rejuvenation techniques on adult
trees can be mechanically induced, chemically induced or both at the same time (Bvers,
1991). Mechanically induced rejuvenation consists of stem- and branch-sectioning, stern-
and branch-pruning and girdling. With chemical induction we can try to influence the
growth habit : plagiotropic or orthotropic. This has been tried by various ways of applying
hormones like GA3/7, BAP, various auxines as well as their mixtures, .

The young shoots or.shoots resulting from pruning certain branches in the crowns of
adult trees are multiplied by using different techniques (see figure 1). Air-layering proved
feasible with a number of species, ¢.g. Shorea lamellata, Shorea ovalis, Shorea laevis,
Dipterocarpus confertus. ‘This technique is laborious and results in less favorable root
system development of the produced plants (Smits, 1987). The material is consequently
treated further in the green house to obtain rejuvenated shoots. Grafting is difficult, because
of the resin production, but an adapted split graft technique specially developed proves
satisfactory for most of the members of the genus Shorea.

3. Biotechnology, tissue culture

The main problem for tissue culture is the disinfection of the vegetative material, Both
endogenous as exogenous infections are frequent (see also Smits and Struycken, 1983).
Motherplants are protected in order to produce clean top shoots. The use of antibiotics in the
media is also tried. Somatic embryogenesis will be tested soon.
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4. Influence of genotype and physiological age on rooting of Dipterocarpaceae

The differences in rooting percentages between various clones of same juvenility are
tested and compared. The growth of the faster rooting clones is also compared with slower
rooting ones after outplanting in the field. Large amounts of material have been prepated for

this purpose.

2. Conclusion

We can conclude that much progress has been made in recent years. This progress in the
practical research has aiready lead to large scale application of Dipterocarp planting in
Indonesia. A workshop is planned for November 1992 to show other countries in how far
the rescarch results have been applied in a technical and economical feasible way.

Although much has been reached recently there is still a big challenge ahcad for the
realization of clonal propagation of superior quality material. ‘The research on rejuvenation
will not only be important for Dipterocarps but will have wider application as well.

Indonesia is now preparing the establishment of PPPD (Pusat Penelitian dan
Pengembangan Dipterocarpaceae) which will be an (international) Dipterocarp research
center. It is anticipated that this institute will perform an important role in bringing together
all present know-how on Dipterocarp propagation besides all other aspects like silviculture
up to harvesting techniques for Dipterocarps.

At the moment many institutions are working on or are planning work on Dipterocarp
propagation. It is hoped that this workshop will be a good start for more cooperation
between the various institutions,
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ABSTRACT

Research on teak tissue culture in Thailand is a Jjoint
study between the Royal Forest Department and the Chiang Mai
University. The main purpose is to develop techniques of teak
tissue culture for plantation establishment and improvement
programmes. There are four components in this study, i.e. in
vitro CUltures of seed, shoot-tips/buds of mature trees, callus
and anthers. The in vitro culture of seed is aimed to propagate
progenies of the selected families for the advanced breeding
programme. The in vitro culture of shoot-tips/buds of mature
trees is aimed to mass propagate of selected clones for the

plantatlon establishment programme . The purpose of in vitro
cultures of callus and anther is to create new clones and/or
varieties for the breeding programme. Preliminary results and

derived culture techniques of this study are briefly presented in
this paper.

Paper pfepared for'_"His Majesty'Fifth Cycle Commemorative
Conference of USAID Science Research Award Grantees" Nakorn
Prathom, Thailand July  24=26, 1987

b3 Teak Improvement Cenlre, Ngao, Lampang

“Royal Forest Department, Bangkok, Theailand
¥** - Facully of Agriculture, Chiang Mai University
XEx FaculLy of Science, Chiang Mai University
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1. : INTRODUCTION

At present, Lhe remaining teak natural forest drea and
the total teak planting area in Thailand are 25, 000 sq. km and
133,000 ha, respectively (Kaosa-ard, i986). To accelerate the
planting programme, the Teak Improvement Centre  (TIC) was set up
by the Royal Forest Department (RFD} in 1965. The objectives are
to operate the breeding programme, to produce genetically improve
seed for the planting programme and to conduct research
supportlng the improvement and planting programme of this
species.

: Due to the low production of improved seed in the seed
orchards in combination with the poor germination behaviour of
the seed, the supply of seed and planting ‘stumps for the large
scale planting programme is insufficient. Various propagation
techniques, e.g. cuttings and tissue culture, of this species
have, then, been explored. '

A series of studies * on teak tissue culture in Thailand
was first conducted in 1983-1985 by a research team from the RFD:
and the Chiang Masi University (CMU} (Kaosa-ard, Apavatjrut and
Sombun, 1985). It is indicated that there is a high potential for
developing techniques of tissue culture of this species for mass
propagation. The scope of the project has been enlarged with the
support of the USAID/PSTC programme for 3 years (May 1986-April
1989). The research team of this extended project consists of
researchers from the TIC, the Faculty of Agriculture CMU and the
faculty of Science CMU,. '

2. OBJECTIVES

1. To develop tissue culture techniques of teak for
commercial mass propagation.

2. To develop techniques of callus and anther cultures
for the improvement programme. :

3. To observe fleld performance of plants derlved from
the developed culture technlques

4, To estimate cost of'produotlon of planting stumps

from the developed methods as compared with the

"conventional methods when the improved materials
{seed and clones) are used. :
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3. _ MATERTALS

3.1 Plant Materials : Teak fruit, shoot-tips/buds, and
flower buds, used in this research project were the genetically
improved materials from the TIC, Ngao , Lampang.

3.2_ Laboratories : lmboratory studies were conducted at the
Faculty of Agriculture and the Faculty of Science (CMU}).

3.3 _ Nursery': Nursery operation for plant production and
field testing were conducted at the TIC.

4, METHODS

There .are four main components in this series of
studies. These components include

1. in vitre culture of seed;
©. in vitro culture of shoot-tips/buds of mature trees;
3. in vitro culture of callus;
4, in vitro culture of anther.
4.1 In Vitro Culture of Seed :

Teak fruit from TIC seed orchards were cut. Their white
- geed were removed. The seed were sterilized by shaking in the 10
% (v/v) chlorox solution for 10 minutes and rinsed 3 times with
distilled water. The treated seed were placed individually into
test tubes containing the White (1963) culture medium ({(without
hormone)} for germination.

After germination; the sterile seedlings {(3-5 cm in
height) were removed, cut into nodal segments and transferred to
culture in flasks containing various tested culture media for
_ promoting axillary shoot regeneration. 4.2 In Vitro Culture
of Shoot-tips/Buds : '
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Shoot-~tips and buds (about 5 cm in length) of matur:
trees (22-year-old) were taken {rom the TIC clone bank at monthil:
" intervals. They were placed in ice boxes and transported (abou

150 km) to the laboratory. :

In the laboratory, the shoot tlps/buds were washed
shaped into small (1 cm) pieces and sterilized by shaklng in th:
10-20 % (v/v) chlorox solution for 10 minutes and rinsed 3 times
They were, then, trimmed into. 0.5 om .pieces and transferrec
singly to culture in test tubes containing culture media fo
promoting shoot growth and development. After shootlng, the
shootlets (3-5 cm in height) were removed, cut into noda:
segments and cultured for shoot multiplication in +the freshl:
prepared culture media.

4,3 In Vitro Culture of Callus

‘Basal callus from the cultured explants in 4.1 and 4.:
‘were trimmed and used as callus sources for the study. The
prepared callus were sub-cultured for their growth anc
development in various modified culture media under different
environmental conditions, e.g. light and temperature combination.

4.4 In Vitro Culture of Anther :

Teak flower inflorescences were taken from the. TIC
breeding orchard and kept in plastic bags in ice boxes for
transportation to the CMU. The flower buds of different sizes or
developmental stages were histologically studied for their anther
development. The suitable buds for the anther culture: study were
gselected, shaken in the 10 % (v/v) chlorox solution for 10
minutes and rinsed 3 times. They were, then, dissected and their
anthers were transferred to culture in' the tested culture media
for promoting their growth and development.
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5., - RESULTS

5.1 In Vibfo Culture of Seed :

Teak seed can be sterilized safely by using the
technique described in 4.1. After culturing, the seed start
germinating within 2 weeks.

After germination (about 45 days), seedlings of size 3-5
em in height or with 3-4 pairs of leaves appear to be the most
suitable size for nodal segment cultures.

The culture medium which is most suitable for axillary
shoot regeneration and multiplication of teak nodal =egments
culture is the 717 medium. The comp051t10n of the developed TI17
culture medium is as follows:

Composition of the 717 Culture Medium

1/2 5H Macronutrients {Schenk and Hildebrandt, 1972)
MS Micronutrients and Iron (Murashige and Skoog 19862)

Organic Components

‘Glycine : 2.0 mg/1
Nicrotinic Ac;d 0.25 " '
Pyridoxine HCIT ' 0.25 "
 Thiamine HCL 0.25 "
Hormones .
IBA - . 0.3 "
BAP ' 1.0 "
Sucrose - : 30.0 g/1
Agar ' 10.0 "
pH _ T 5.7-5.8

Under favorable growth conditions, the multiplication
rate and- cycle is about 2-4 shootlets/c¢ultured explant/ 45 days.
That is, the regenerated shootlets can be removed for re-
multiplication or for rooting about 45 days after culturing.
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Te remultiplicate, the removed shootlets are cut into
nodal segments and transferred to culture in the freshly prepared
T17 culture medium. '

To produce plantlets, the shootlets of size >3.0 cm in
length which are the most suitable size for rooting are selected,
Culture medium must be thoroughly removed from shootlets through
rinsing. They are line-planted in plastic containers covered with
lids. The sterile fine sand is used as the rocoting medium.
During the reooting pericd (2-3 weeks), the moisture and humidity
inside the containers are kept at near saturating point. The
light intensity must be low or under heavy shading condition.
The temperature is 25-30 C. The planted shootlets must be shortly
(3-5 minutes) ventilated 3 times a day. Under these: suitable
conditions, the shootlets will regenerate their roots within 3
weeks. The rooting percentage can be as high as 90-100 %. After
.rooting, the containers are transferred to the warm and humid
conditions (in glasshouse) for 2 weeks for further growth and
development of plantlets before they are transplanted in soil.

5.2 In Vitro Culture of Shoot-tips/Buds :

The results obtained in this series study can he
summarized as follows:

Sterilization Techniques : There is:.a marked seasonal
variation in contaminatioen rate of cultured explants. With the 10
% (v/v) chlorox solution for 10 minutes, the lowest {10-30 %)
contamination rate is in the shoot/bud sprouting season {April-
June) whereas the highest (B0-100 %) is in the shoot/bud dormant
season (November-March). During the dormant season, the
contamination rate can be slightly improved by sterilizing
explants with the 20 % (v/v) chlorox solution for 10-20 minutes
or with the 0.1 % (w/v) mercuric chloride solution for 10-20
minutes. The high contamination rate during this period is mainly
due to the embeded microorganism in the shoot/bud tissue.

Culture Medium for Shoot CGrowth : The culture medium suitable
for shoot growth and development of cultured shoot-tips/buds from
mature trees is also the 717 medium as mentioned in 5.1.

Shoot Growth and Development ; . There are marked seasonal and
clonal variations in growth and development of cultured explants
{shoot-tips/buds). Explants excised during the sprouting season
(April-June) have a higher shooting potential than those excised
during the dormant season (November-March). By contrast, the
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basal callus of the cultured dormant explants is much larger than
that of the cultured sprouting explants. Within culture season,
the rate of shcot and basal callus development in cultured
explants also varies from clone to clone. More study is required
to clarify the degree of clonal .variation.

Multiplication : The shoots {(about 5 c¢m in height) are removed,
cut into nodal segments and transferred to culture for axillary
shoot multiplication in the freshly prepared TI17 culture medium.
The culture procedures for shootlet production are similar to
those mentioned in 5.1.

Plantlet Production : About 45 days after subculture, the
shootlets are removed, individually separated from their cultured
explants and rooted under the developed conditions in 5.1.

Nursery Lining : The plantlets (>3.0 cm in height} can be line-
transplanted in nursery beds safely for future planting stump
production: Under the.observed conditions in May-June (1987) it
was found that the survival rate of the transplanted plantlets
was as high as 80 % (i.e. transplanting during the raining period
and the beds were shaded with cloth snd/or split bamboo. Growth
and development of the transplanted plantlets are being observed.

In Vitro Cﬁlture of Callus :

tn
L

Basal callus derived from cultured explants in 5.1 and
5.2 are multiplied in the modified T17 culture medium (IBA
deleted and BAP added up to 6 mg/l) and placed under continuous
light supplied. The multiplied callus are being cultured and
treated for morpho/embryogeneses.

5.4 In Vitro Culture of Antbér :

Flower Buds Selection The result of histological study
indicated that the suitable flower buds of which their
yellow/jelly anthers contain the uninucleate microspores, are the
1.5-2.0 mm-diameter buds. The smaller buds usually contain
green/jelly anthers in which the sporocytes. are in the meiosis
stage, whereas the anthers of the bigger buds are usually
" vellow/dense and contain the binucleate pollen grains. The flower
buds can be stored safely for 3-5 days in the refrigerator bhefore
being used as sources of explants for anther culture.
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Sterilization @ The selected flower buds_can'be:sterilizel
safely (> 65 %) with the 10 ¥ (v/v) chlorox solution for 1
minutes and rinsed for 3 times with distilled water. :

Culture Medium : There are four types of modified media whic!
are found to be suitable for promoting pollen growth and callu:
formation of the cultured anthers. These culture media are a:
fellows: '

Compogitions of culture madia suitable for teak anther culture.
(1) MS basal medium (Hurasbige and Skoog,1962)
+ 0.1 K + 2.0 pCPA (ng/1)

{(2) MS basal medium (Murashige and Skoog,1962)
+ 0.1 K+ 0.5 2,4-D (mg/1}

(3) B5 b&sal medium {Gamborg and Wetter, 1968)
+ 0.1 K+ 2,0 pCPA (mg/1) .

{(4) SH basal medium (Schenk and Hildebrandt, 1972)
+ 0.1 BAP + 2.0 pCPA (mg/1)

Cytological Study : Under suitable growth conditions, the

division of uninucleate microspores in the cultured anthers can
develop. The chromoscome number (n = 16) of the growing  callus

derived from the cultures is very similar to that of the
sporocytes in the anthers of selected flower buds. That is, the
regenerated callus is the haploid callus.

Treatments for Morpho/Eubryogeneses The derived callus is
being cultured and treated for its morpho/embryogeneses.
Different concentrations and types of particularly hormones and
vitaming in combination with environmental treatments are being
tested for inducing morpho/embryocgeneses in the cultured callus.
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n the Philippines (Kowal 1966, Fig. 3). As in Fig. 4.3

FIG. 3.4. Precipitation and evapotranspiration for three climate types i
much stronger scasonality of the B/C. type climates is clearly seen in (b) and (c). In the lowland seasonal climate (b) poten
evaporation is not atained ac the driest times of year, owing to water shortage.
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