(6) Scedlings Purchased From Private Nursery,

‘The Project nursery at Chikus was only completed and started raising secdling in December
1992, Therefore secdlings required for planting program in 1992 and some selected seedlings
for projcct‘s needs during 1993 and 1994 were bought from private nursery.

Table-N12 Secdlmgs purchased from private nursery
(Unit:1,000 swdlmgs)

. Species | Terengganu |Ranadan]|  Rim Kedah | Al Fotal
Acacia manginm - 15 o
Alstonia sp. : _ . i
Calamus manain : Y
Cinnamomyim sp. - _ 0.5
Dryobalanops aromatica . | 1 3 3
Durio sp. |
Hevea brasitiensis 3¢
Hopea odorata ] 4 i
Negbalanocarpus heimii 1}
Palaguinm sp.
Parashorca deasiflora
Parkia sp. o 0.
Scapliium_macropodum '
Shorea bracteolata
Shorea glanca
Shorea {aevis
Shorea leprosula 1
Shorea parvifolia i
Toona sp. ' : 0.5
Total | 15] 1 12 32.5] 45
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Note:  Terengganu(a commercial vendor)
: Ramadan{Ramadan Management Setvice)
Rinm{Rim Nursery Sdn. Bhd))
Kedah(Seri Alor Star, Kedah) . ,
AH(En Teong Ah Hing, Sitiawan,Perak) o L

© A survey on a few priVéle nurseries in the country indicate that they moslly concentrate on
producing rattan seedlings for Community Forestry Project and also ornamental tree species for
Urban Planting program. Liltle emphasis was given for prbducing high quality species
secdlings. Recently, through the “Enrichment Planting” project undertaken by Forestry
Department more and more nurseries are shifting their attention in producing these h'igh quality
- indigenous scedling. The amount produccd unfortunately only made up a small percenlagc of
* the total requirement.
Except for certain mdlgenous species most of the seedling produced froni these private
“nursery are raised from wildings and the quality varies widely, Nornally forest topsoil is used as
the potting medium, but these private nursery used clay soil which is hard and not suitable for
healthy growth of the seedlings. Shipments supposedly of a single species often contain other
species due to inadequate species identification. '
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(7) Seedlings Acquisition From State Forestry Department Nursery

As mentioned earlier, in 1992 and 1993, the Project also acquired a certain specics for its
planting program from various state Forestry Department Nursery in particular from the states
of Perak, Negeri Semnbilan and Pahang. Negri Sembilan Forestry Department Nursery in Mantin
had supplied about 26,428 scedlings of various species such as Shorea leprosula, Shorea
acuminata, Shorea parvifolia;, Shorea laevis, Endospermum nalaccense and Heritiera sp..
Pahang State Forestry Departiment on the other hand has provided 1,000 scedlings of Shorea
ovalis and Shorea dolichocarpa. The biggest contributor for the supply of scedlings from
Forestry Departmient came from the state of Perak totaling 35,339.

Table-N13 Seedlings from State Forestry Department
(Unit: 1,000 scodlings)

Negerd
Species Perak Serbitan_| Pahang | Tota)
y | Manong | Papan | Gerik | Besout | Mantin | Raub
i Acacia manglun _ 9l 15 10 34
L Agathis dammara 0.5 _ 0.5
Dipterocarpus cornitus 0.5 0.5
Endospermun malaccense 30 3
HMeritiera sp. g . 1
Hevea brasiliensis 0.5 0.5
Intsta palembanica 05 _ 0.5
Scaphitim macropodumn 0.5 0.5
Shorea acuminala 2 8 10
Shorea delichocarpa _ 0.5 0.5
Shorea hopeifolia 1 1
Shorea hypochra 1 . - 1
Shorea laevis ; 0.5 0.5
Shorea leprosula 1l - : 05 : 11,5
Shorea ovalis ' L : 0.5 0.5
Shorea parvifolia 7 ) 2] 9
Shoreasingkawang ; 3 - : 5
Swietenia macrophiylla - : 05 0.5
Tectona grondis . 3 0s ¢ - 0.5
Total 21 135 1.5 15 26.5 1| 785

Note:  Perak State Foreslry Deparlnent
Papan Nursery
Manong Nuesery
Genk Nursery
Besout tenporary nursery
Negri Sembilan State Forestry Departiment
Maatin Nussery '
Pahang Staté Forestry Departiment
Raub Nursery

80



1-2-4 Caleulating the Cost of seedlings production

" The main objective of Chikus nursery is to produce healthy scedlings from both high
quality and fast growing species required for the establishment of Multi-Storied Torest in the
project site. However, the ultimate goals when producing seedlings are to increase efficiency
and reduce production costs as much as possible. The average cost of producing a scedling was
done based on records collected from the Project. In the caleulation, a period of 12 months was
chosen as it is the aﬁcragc time the seedlings are kept in the nursery before they are ready for
tansplanting. Expenses incurred for raising the scedling is divided by the number of scedlings
produced in | year { From July in 1994 1o June in 1995 ). The expensesfcosts that were taken
into consideration include worker salarics, JICA staff salarics (nursery), travel allowances for
seed collecnon team, cquipiient used in sced collection, fuel expenses and del’LLiﬁllOll of
machinery. : ‘

- The Project nursery depended on 2 main sources of raising scedling. One is from seed,
while the other is from wildings. Calculation on both of these sources arc also made and as |
expected the cost of raising seedling from wildings is higher by 34 .%. The cost of raising .
secdling from sced is RM. 0.99 pet Scedhng and the cost from wilding is RM. 1.33 per seediing. '

" The average cost of producing seedling (From both seed and wiiding) at Chikus Nurxuy
therefore is qpprommalel) RM. 105 per secdling.

- The calculation on the cost of producmg sccdltng from seed and w:ldmg are shown in
Td‘blc—\IM 15.

g E

Photo.-N7 Coliceted seeds
(Shorea platyclados)

Photo.-N8
Dewinging of Dipterocarp
seeds (Dipterocarpus crinitus)
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Table-N14 Method of calculating seedling cost
A. Staff and Worker Salaries

RM 27,980

|. Staff RM 1,235X 12 months X 4 workers X 47.2% =
2. Worker  (male) RM 15X10.6 days X 12 months X 4 workers = RM- 7,632
(female) RM 15X 18.3 days > 12 months X 11 workers = RM 36,234
3. Contracts for potting 78,520 pots X 5 sen = RM 1,926
Subtotal ' RM 75,772
: : (47%]
B. Cost of Matesial . o _ ' '
1. Polythene bag S ; RM - 2,324
2. Fuel expenses ' : L " RM 4119
3. Repair of machinery ' . - RM 1,170)
4, Others{Shading net, Watering equipmient; Wood elc. ) RM 4,005
5. Depreciation of machinery ‘ '
a. Motorcar. “RM 46,791 - Syear (RM 63,168) " RM 12,633
b. Small truck RM 44,566 - Syear (RM 60,164) RM 12,033
¢. Tractor RM 55,000 8 year (RM 85,500} “RM 10,725
d. Microbus "RM 63,806 S year (RM 86,138) - RM 17,228
' Subto!al ' RM - 64,297
- [3%%)
C. Sceds & Wlldmgs collection cost o : ‘
{. Staff - RM 1,235X 12 months X 3 workers X 23.6% = RM - 10,493
2. Worker(male) - RM 15X 10.6 days X 12 inonths X 4 workers = RM 3,312
3. Allowance - ' : RM 7,779
4. Fuel cxperises ' RM 1,099
5. Other (Rope ctc.) ‘ _ RM 156
g : Subtotal _ ~ RM 22,839
' [14%]
Total RM - 162,908
S ' {100%
Cost Per Seedling ( From July in 1994 to June in 1995) g
RM 162,908+ 154 454 scedlings Ry 1,05
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Table-N15 Cost of producing seedlings from seeds and wildings

Total - | Scedling | Scedling
. : from seeds | from wilding
A, Staff and Worker Salaries
{. Staft 217,980 22,916 5,064
2. Worker (inale) 7,632 6,251 1,381
{feimale) 36,234 29,676 6,558
3. Coatracts for potting 3,926 3,926
Subtotat 75,172 62,769 13,003
B. Material Cost _
1. Polythene bag 2,324 1,903 421
" 2. Fuel expenses 4,119 3,373 746
3. Repair of machinery 1,170 958 212
4. Others 4,065 3,329 736
5. Depreciation of machinery 52,619 43,095 9,524
Subfotal 64,297 52,658 11,639
. Sceds & Wildings coltection cost
1. Staff 10,493 4,351 6,142
2. Worket(male) 3,312 1,076 2,236
3. Allowance ' 7,179 4,240 3,539
4. Fuel expenses _ 1,099 650 449
5. Other {Rope etc.) ' - 156 106 So0p
Subtotal 22,839 - 10,423 12,416]
Total _ 162,908 125,850 37,058
Nuniber of scedlings produced | | 154,454] 126,456 27,968
Cost per secdling (RM) o © 1,08 - 0.99 1.33
Recomimendation

- The Project Nursery in Chikus cannot be considered as a production nursery. Its main
emphasis is to provide sufficient number of scedling for the Prbjccl planting requirement and
~also for experiment/research purposes. The cost per seedling can be further reduced if we
increase the annual production based on the maximum capacity of lhc'Nursery; -

83



1-3 The Process of Seedlings Production
The nursc:ry:pra(iliccs for seedlings production described below are the one being used at

the Project Nursery in Chikus.

§-3-1 Summary of Nursery Practices
A flow chart of the nursery practices employed at Chikus Nursery is shown in Fig-N5.

Information about flowering / | Topsoitin natural Seadling
Fruiting ete. is received forest is surveyed information is Investigation
I I _ received from of private
Vlowering / feuiting Topsoi! is collected the Foreslry nursery
is surveyed and transported Depariment
I_ I Production of Seedli Seedli
i , tice husk charcoal codiing arc ccaling are
E’ri.‘.parallon f(?r Secds are collecied purchased from b § purchased from
wilding colleclion .
FD private nurseqy
| 1 i
Fotting in Selection and Adjustment of potting soit I
collecting place breakaway of wing | J{Mix of rice husk charcoal .
i : Scedling are
I l I transported
Wilding are collecied Sowing ' Potting '

— |
Sowing box Sowing in scedbed ] | Direct sowing ||
to pot

Scedlings are raised

at temporary nursery
for | to 3 months I——I"‘—'I

I .| Transplanting into po(_s

Wildings are transported

Raising seedling
at Chikus nursery
i
Sun shade
Watering
Weeding
Disinfection
Hardening

|

Seedling setection & planted seedling in the field

Fig.-N5 Seedling production work
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1-3-2 The Scedlings Production from Seeds

(I) Establishment of Beds

Seedlings production in the tropics mcvalably requires pols S0 thc beds with a frame to
- hold and arrange these pots are necessary aid nced to be constructed. Semi-permanent bed
frames made from bricks or concrete blocks are used for this purpose which have a
measurenent of 1.2 meters wide by S to 10 meters tong, running paralie] to cach other. Each
scedbed is separated by a pavement of 0.7 10 1.0 meter wide which will be used for maintenance
- work and to facilitaté transportation of the potted seedlings for planting. 60 % of the total arca
' should be allocated for fixed/permanent seedbeds while the remaining should be used as
- mobile/moveable beds. It is a common practice in the past to used concrete slap as the scedbed
“floor, At Chikus nursery this is not so, instead it is only made up of natural ground.

_l_ 20m

L i mg.oo.'n',—:' — - ){:

) . 't'\\"‘l‘? -

Photo.-N9  Seedbed and seedlmgs
(From the left Shorea macroptera, Shorea p!m} clados and D:pferomrpus obiongy‘ohm)
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(2) Watering Facilities . -

Water sprinkler systems have been installed to cover 120 scedbeds at Chikus Nursery and
as a result only a few workers are needed for watering work. However, it is impossible to get
uniform mist from the water sprinkler system to all corners of the seedbeds. It is therefore
useful to install hydrants at strategic locations where walering can be done manually if needed.

: Photo.-NlO Watering by sprinkler

(3) Shading E. qmpment

Since Chikus nursery was constructed in an open space, atificial shade is nccdcd to protccl
the sccdhngs from dircct and strong sunhghl especially during their carly stage of growth.
Shading material is made’ up black polylhcric ncuing which filter the sunlighl to between 30 (o
50 %. There were 2 ways by whuch the netting was installed, i.c. shadmg each bed and shading
for cach lot.

a) Shading fm Each Bed .

The frame is madc up of timber runnmg along the scedbeds. Bolh s:dc'; of lhc framc have
uncqual height, with one side hzwmg the height of 1.5 mctcm while the other 1.2 meters. The
higher side normally f‘icmg toward the cast. Along the scedbeds the poles are installed at 2.5
meter intervals and the top part of the frames are fastened with curtain rails running along the
entire length of the seedbed. Plastic netting is then sewn on this curtain rail enabling us to
control the amount of sunhghl needed for the seedlmgs at any pmucuhr time by sliding it open
orclosed.

b) Shadmg for Each Lot

Each ol taay consist of a number of scedbeds with lhc umbcr posts msmllcd at specaﬁcd
‘points. The heights of these posts are roughly 2 meters and plastic netting is fixed on the top.
Thc,hghl that penetrates (o the ground varies with the different size of scedlings. During the
initial stage of seedling growth, we may need 1o cover the whole fot. But as the scedlings
mature it is advisable to remove alternate rolls of nelting to provide morc'sunl'ighl'(o the
scedbeds. The installation of shade for ¢éach fot is better as compared to providing shade for
cach séedbed because this method allowed the workers easy accessibility within the area.
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Fig.-N8 Installation of shade for each bed
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Fig.-N9 Instailé\(iml of shade for cach lot
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Fig.-N10 Sketch plan for shade installation (cach beds and each lofs)
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{4) Seed Procurement
a) Procurement Plan

Seed of Indigenous species especially Dipterocarps are very diflicult to collect and the
supply is not stable or consistent. A part from that, the coltected seeds could not be stored over
a Iong period of time. Therefore the Project is facing a lot of problems in raising cnough*
quantity of seedlings to fulfill the requirement for its planting program.

On the other hand based on our previous expericnce, il is possible to plan and caise major
Fast Growing species that are needed for the Project, The only setback we face is that most of
these sceds were purchased from another country and required imporl permits which normally
took a long" time before we were able to receive them. | .

For the past 4 years, the seeds of fast growing species such as Acacia mangium, Acacia
auriculiformis, Casuarina equisetifolia were procured from Australia Tree Sced Center,
Forestry Department Peninsular Mataysia Headquarters and Sabah Forestry Development
Authority. :

b) Stormg Sceds

- As mentioned earlier, storagc of Dipterocarps seeds pose formidable protlems. So far only
- a few species were reported to be able to-store over a certain period of time. Gencmll)
i 'Dlptcrocdrps seeds could be stored for not ‘more than | week at llu, tunpualun, of 20 degree
Cclmus or below. o ;

As much as possublc at Chikus nursery, the scedc; are umncdniely sown aflcr callection.
Certain species like lcgummou'; (Merbau and Keranji) have a thick hard coat with low waler
contcnl, as such lhcy are able to be stored at mombly longcr pcnods '

(5) ‘Size of Pol
2 sizes of po!ythcnc bag is mcd for pollmg depending on the species of sadlmgs A bag af
IS cm by 23 ¢cm is used for indigenous species, while a smallet bag (12 em X 18 cm) for fast

growmg species ¢.g. Acacia mangmm Alter polling, these bags will decrease in size. For
example, the bigger bag will be measuring 10 cm in diameter and about 18 cm in height  while
the smaller bag will measure 8 cm in diameter and 12.5 cni high.

o o o | Diameter
=6 mm

=
I

.
k O P e ]

:\E/

= |5 o —> o k= 10 cm >

Fig.-N11 The sketch of polythenc bag before and after poiting
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(6) Soil Preparation .

Potting medium is prepare by mixing forest topsoil with charcoal from rice husk at the ratio
of 97 to 3. In case the topsoi! has a high content of clay, it is first mixed with river sand ( about
30 %) then mixed with rice husk charcoal. River sand is introduced here for purpose of
providing good dramagc in the pot.

Photo.-NlS Poltmg medxum pl eparation

A7) Potling .

The potting medium is first placc on the concrete floor of potting thd and then pacl\cd _
directly into poi. Fo facilitate this activity a plastic pipe about 6 cm in diameter and 20 em long
“with one enid cirt at an angle is used to scoop and funnel the potting medium.(Fig.-N12)-

The bottom parl of the pot should be packed fi rmly with the polting inedium to ensure pot
stability when placed upright. The top part the poiting nicdium should be packed slightly loose
to enable the roots to from and develop. tis also important to make sure that the polting

medium is not very Ioouly packed and not to overfili as they could be spm when the pol Fall
down. '

¥ig.-N12 Scoop of funne}

\ .ﬁK " :f:‘ fé'/

—_— T

all the pot tap-tap i ghlly for leady soil  Turn in both corners of the bottom by finger

l< ig.-N13 Poltting
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{8) Sowing
‘There are 3 technigies of sowing cmploy od at Chikus nursery. They are as follows :-
a) Sowing in planter’s container
The container is made up of plastic, measuring 36 X 45X 10 c¢m, and weighing S‘i[} grams.
The container has an opening at the top with a lot of holes at the bottom and by the side tor
drainage. ILis filled up o 90 % with sowing medium and in this case meshed coconut husk.
b)Direct sowing into pots
“This is the most practical method as it saves time and avoids double handling ( do not need -
to transplant the seedling from seedbed into pot). It is particularly suitable for large size eculs
such as anturocarpus and the seeds that had already been rooting. Vhis method makes use of it
at the seed so thal a germination rates more than 60 % can expected.
¢)Sowing in sccdbecl :
The seedbed is filled to about 10 em decp with river sand, '] his technique will be used when
we receive a lot of sceds at one time and method a) or b) cannot be practiced due to insuflicient

space or pot,

Pholo.-'\’lG Sowing in planter's container Pholo. N#7 Direct sowing mto pots
: - (Hopea beccariana) : (Dipterocarpus cornntiis)

Photo.-N18 SD\'.mg in soedhed (Komnpmsm muku (‘(‘H.SH‘)
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{9) ']‘ransp!anling inlo Pot

“Transplanting of secdling into pot will be needed if seeds are sown in cllher the planter's
“container or seedbed. For most of the indigenous species it is recommended that transplanting
should be done between 3 to 7 days after germination. It is impottant to carry out this activity
at the correct time especially for Dipterocarps species in order to enhance root growth,

Special care should be given when drawing out scedlings from planter’s container or
seedbed to avoid damage to the stem or rool. These secdlings are thén imnediately soaked in
water or wrapped wilh damp cloth to prevent them fromdrfying.

Before transplanting, a few preparations need to be done. For éxample, make sure enough
pots are available to accommodate all the seedlings and they are arranged properly in seedbeds
that are shaded. The pots aré then watered sufficiently. When all these preparations are
compleled, transplanting can begin. A hole as deep as the Iength of the root of seedling is
produced by using a stick. The hole is then covered after the root has been inserted. It is
important to water the pot again after transplanting to ensure that the root of the young
seedling is properly settled in the pot.

RIEEE

X X - O

Do not curve the root - Insert the root straight line

S

: , O
Provide good contact between the root and the poiting medium
~ 'Fig.-N14 Transplanting scedling into pot



1-3-3 Maintenance Work

(1) Sun Shade ; _

Since the Project Nurscry was constructed in an open area, artificial shading is therefore
needed. The facilitics must be installed first before we can start lranspianling seedlings fram
scedbed into pots. This is because young scedlings are very fragile and cannot survive if
expased to dircct sunlight during it’s initial stage of growth. For mosl of indigenous seedling
(especially Dipterocarps spp.), black netting which filters between 30 to 50 % of sunlight was
used as shading material at Chikus Nursery.

It is generally recommended that the shade be removed gradually as the seedlings grow
older and ready for planting in the field. This will allowed the seedlings to harden/acclimatize.
Based on the experience at Chikus nursery, removal of shading niaterial should be carried out at
a period of between | - 2 months for fast growing species and 4 - 6 nionths for indigenous
species after the seedlings are transplanting into pots. The seedlings are then subjected to open
conditions (without shading) until they are planted in the ficld.

(2) Watering _

Watering is done once a day in order to ensure the scedling reccived enough water during
it's initial growing stage, At Chikus Nursery il is done via automatic water sprinkler system.
This system sometimes does not always provide evenly distribuled watering to all parts of the
scedbeds. Therefore, watering manvally is stilt needed fron time to time. It is also importait to
note that the right amount of water is given to the scedling as too much water can also be
harmful to it’s healthy growth. Nosmally the amount of water is gradually reduced before lhc
scedlings are planted in the field. (To increasc the survival rate after planting). '

The leaves obstruct water Top part of the 'polylhénc bag folds inward
from getting into the pot. thus preventing water getting into the pot.

Fig.-N1§  Watering
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(3) Weeding

Weeds began to over grown scedlings in about | week after sowing or transplanting into

- pol. Seedbeds or pots must be weeded immediately and regularly because as weeds grow

higher, the scedlings are likely to be pick up together with the weeds and transplanting/planting

them would be a problem. if this activity is delayed, it could resull in lower efliciency and also
deteriorate the quality of the scedlings.

{4) Disinfection . | _
Under liot and humid conditions, once a seedling contracts a discase it is extremely difﬁi;uh
to contrat and .prevent it from -spreading. Preveative measures such as ap'plica.lion: of
“disinfectants (organic sulfur and copper agents) once a month to the seedlings is therefore very
important and nceds to be carried out. | ' B

Photo.-‘\‘l9 Spra}mg insecticide

(&) Root- Pr unmg .

As swdhngﬁ grow lo be over 20 ch hlgh thcu yoots are apt to come out from the pot.
Furlhu acowil and when they reach 30 cm high, there is the tendency that the roots might
extend into the ground or the scedbeds floor. Check the root sysicm from time to time and
carry out rool pruning if the roats have already ex{ended out to the ground.

(6} Introduction Myeorrhiza into Dipterocarp Scedlings
lntmducliun of certain Mycorrhizal fungi have been found to have a good influence on the
growth and survival of I)npiuomrpx <cedlmgs The inoculation of m)conhua can be done
- through f.pecmily pre p.m.d poltmg medium which is made up of a mixture of forest topsoil
(which had beén infected with mycorrhiza) and_ chanoal_. Plant Dipterocarps scedling which has
been inoculated with mycorrhiza surrounding seedbeds (o further enhance the chances of
“mycorrhiza introduction in the pots. For this purpose, make sure that the floor of seedbeds are
made up of natural ground and not from'conerete as commonly found in forestey nursery.
For detailed information refer to a paper prepared by a JICA short-term expert entitle “As
To Infection Mycorrhiza Into Dipterocarp Scedlings”. | |
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(1) Hardening

There are 2 factors invelved in the hardcning process which arc watering and shading.
Watcring treatment for hardening process should be started about 1 month before planting of
seedlings in the fietd. The amount of water provided to the scedling is reduced gradually to
about half the original quantity. Whereas for the shading, it should be removed after the
indigenous scedling have reached the age 4 - 6 months after transplanting into pots. The
seedlings are then exposed to direct sunlight until they are planted in the ficld.

(8) Seedling Selection before tr ansplanlmg in The Ficld.

The suitable seedling height for planting inthe ficld is between 40 - 50 . A part from the
above mention height, we must also make sure that the rooting system of the seedlings are fully
developed. Seedlings that do not meet these requirements should be gathered and later given
special treatment such as being provided with additional fertilizer (o accelerate their growth.
They are again assessed at later stage and if found to be suitable can be transported and planted-
in the ficld.

(9) Slandal ds for Planted Scedlmg in The Fictd.

" For all species, Height of seedling : 40~60 cm
Basal diameter of secdling : Over 5 mm _
Root condition 1 Good ( Not onlty main root ')

[-3-4 Production of Seedling l‘lom W:ldmgs
 Wilding collection is telicd upon whei sced of required species can nol be collected or -
obhuned. '

(1) Coundition of Wilidings' (,olicclmn
Suitable sizé of wildings for collection is when lhey are not more than 30 cm in height and
having minimum of 2 leaves. The best time for collection is about 2 months after the seeds
started to gcrminaté naturally in the fosest. Collection should start carly in the morning and stop
before noon to prevent them from drying up. Special care must be taken as not to damage the
rool system. It is not advisable to pull out the wilding by hand alone but to used scoop or
“trowel where all the raot systeim and the soil are taken out at the same time. The collected
| \wlumgs arc then soaked in water or wrapped in damp cloth before thcy are sent to temporary
“nursery for trampldntmg mto pols
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Photo -NZO W;ldmg collect:on

(2) 'l‘rhnsplanting into Pots

_ Before w:ldmg collection can began, first we have to idenlify and eslablish a lunpmmy
nursery which must be located very near to the collection area. Pn,p'lraml y work such as
potting and arranging them in a proper manner in the temporary nursery must also be planned
and executed at the same time. Wildings collected can not be planted straight in the ficld. They
need to be potted and maintained for a period of minimum 1 month at the lemporary nursery
and later 1ransfcmd toa pcrmanem nursery uwntil they reach ccrlmn height/size is suitable for
planting. _ o .
Pol{mg of wildings should be done immediately {sa'me day) after collection. Prior 1o that
make sure al} the pots arc watered sufhcwntly Using a gludc bar, a hole of roughly cm in
diameter is made in the soil of the pot, into which the rool of the colleclcd wildings were
quickly placed and later covered up firmly with soil. Rool pruning should be done if the root of
the wilding exceeds the length of the pat.

*(3) Maintenance Work
Maintenance work for the secdhngs raised from w:ldmgs is lhc same as that of scedlings
raised fron seeds.

Pholo.-NZl T emporary nursery Photo.- N22 Pouing l‘or \-.ilding
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I-d4  Progress on The Experimenis Carried Out in The Field of Nursery
Production of Diptcrocarps scedlings and other indigenous species pose many fornidable
problems, such as the difficulty in sced collection due to it’s irregular flowering /fnziting season
and the inability of the seeds to be stored aver a long period of time. A number of experiments
and studies therefore had been carried out to try to solve some of these problems, among them
are as follow.
Experiments on Species Selection
© (1) Phenology obscrvalion and data collection. :
© (2) Relationship between light ithimination and scedlings growth.
- (3) Relationship between frequency of watering and scedling growth.
‘ Ex'perimeht on Raising Scedlings from Seeds
~ (1) Seeds preservation experiment.
{2) Germinalion experinient. :
(3) Experiment.on direct sowing of seed into polythene bag.
~ Experiment on Raising Seedlings fr ‘om Wildings
(1) Size of wildings during collection and its eubscqucnl growlh
- (2) Study on the process of w:ldmg mortality under natural condllsons
- (3) Experiment on the efficiency of transpiration control chemical.
" (4) Study on the effect of different polythene bag size on the growth of wnldmg.
(5) Fertilizer experiment. . ' ;
(6) Shading experiment.
Othcf Seedlings Production Experiments.
H L)\pcnmcnl on the 1nlroducllon of myco:rhln into dipterocarp seeclhngs
{2} lhrdcnmg cxpmmcnl
(3) Experiment on cutting.
(4) Fxpcnmcm on methods of promolmg ﬂowcrmg to molhcr mc

1-4-1 I xpenmenlq on Specaes Selcclmn : : S

The success of seedlings production, cspccmlly of Dlp!erocalps and other high quality
{indigenous) species required by this project depend largely on knowledge of the phenology of
the species. This in turn will help us plan the number of seedlings or wildings that need to be
raised in-any p1rucuhr year. Thc followmg cxperiments had been purfonmd to enhance our
itl\dcrblalidlng in this field. ’ :

(D Phenolog'y Observation él)d Data Collection -

" a) Methed | | |

24 observation trees mainly of Diptrocarps have been identified and they are located at
various parls of the state of Perak and Pahang. These observations trees ranging in size with a
~ diameter of 30 to 100 cm and the height of between 20 to 40 meters. Regular observations and
monitoring of the occurrence and the extent of fmmnglﬂowermg of ihesc trees are carried oul.
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Table-N16 Observation Tree

Obsevation
{ree Specics Location Pemark

number o

| Ne. | Shorea parvifolia Lentang, Pahang state | Scoeds collected Mar. 1993
No. 2 Dipterocarpus ¢crinitus Gunung, Perak state Sceds collected Mas, 1993
No. 3 Dipterocarpus carnuins lentang, Pahang stale _ [Seeds collected May. 1993
No. 4 Calophylium sp. - Gunung, Perak state Wildings collected May. 1993
No. 5 Shorea leprosula Chikus, Perak state Flower experiment Mar. 1993
No. &  [Shores leprosula _|Chikus, Perak slate Flower experiment Mar, 1993

| No.?7 . |Shorea parvifolia Chikus, Perak state Flower cxperiment Mar. 1993
No. § |Shorea parvifelin. . |Chikus, Perak state Flower experiment Mar. 1993
No. 9 Neobalanocarpiis heimii |Chikus, Perak state Flower experiment Mar. 1993
No. 10 Neobalanocarpus heimii Chikus, Perak state Flower experiment Mar. 1993
No.l1 Neobalanocarpus heimii - |Batu Gajah, Perak state . [Recommended by the district

i : o . forest officer -
No.12 Palaquitm gurta Papan, Perak state Wildings collected May. 1993
No.13 Sherea panciflora |Gerik, Perak state - Sceds callected Aug.1993
No. 14 Parashorea densiflora . [Gerik, Perak stale Seceds collected Aug.1993
No.1S _ |Dipterocarpus corantus -~ |Gerik, Perak stale Sceds collected Aug. 1993
No.16 Shorea paivifolia Chikus, Perak state Flower experiment Jul. 1993
No.17 Sharea leprosulo Gerik, Perak state Seeds collected Jun. 1993

- No.l8 . |Shorea talura . _{Papan, Perak state - Wildings collected Jun.1993

No 9 |Shorea assamica Taiping, Perak state . [Wildings collected Dee. 1993
No.20 Storea leprosula Chikus, Perak state Flower experiment Jul. 1993
No.21 Shorea parvifelia Chikus, Perak state Dasignated Jan. 1995
No0.22 . |Sherca edorata Chikus, Perak $tate Designated Jan. 1995 )
No.23 Dyeru costulata ~_|Chikus, Perak state Designated Jan. 1995 o
No.24 Keowpassia malaccensis  [Chikus, Perak state Designated Joan. 1995

Photo.-N23 Observation tree

Phote.-N24 Observation tree

(No. 1 Shorea parvifolia)

{No. 3 Dipterocarpus cornutus)
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b) Results and Consideration :

Observations on the trees identified previously for the stedy were carricd out in August
1993 and Febuary 1994 and revealed no signs of flowering or fruiting. For Obscrvation Trees |
located at Chikus Forest Reserve, observations were carried oul once in every four months .
- During this period 2 flowering/fruiting occurrences have been noted. The first was in February
1994 for Hopea odorata, while the second occurrence was in January 1995 for species such as
- Shorea parvifolia, Shorea macroptera and Shorea leprosula.

After this, we need to observe regularly not only-‘ observation trees of Chikus Forest
“Rescrve but also obscrvation trees in other Forest Reserves. We should be identify more
observation trees possibly located to project sites c.g.' Bukit Kinta.

(2) Relationship between Light Hlumination and Seedlings Growth
a) Method

Using wildings cultivated for six months to a certain height, an experiment was pcrfo:mcd

to establish the relationship between different light illuminance with the survival and growth of
-scedlings. The different relative light illuminance was adjusted to 5 levels ic. in 5%, 25%, 50%,
70% and 100% by using black plastic netting. The scedlings were grown in the polythene bag
measuring 6 X 9%, 50 seedlings of each species were used for each illumiriance level,

b) Result and Consideration ‘

Results are shown i Table-N17, Fig.-NIG._ )
~ ALS % relative lighl illuminance and after 1 year 6 months ofcxpcr.im.cm, all the secdlings
:of 5 species died. To get % relative hghl illuminance, the scedbeds are fully covered with
black plastic neiting (top, side and cnd) This has causcd the lcmpcralum 1o rise and prwcnl
proper air cuculauon in the secedbeds.

There is no great difference in term of surwval and growth of seedlings of the 5 species that
have been subjected to a relative light illuminance of between 25 % to 70 %. The height growth
at IOD Do n,hlwc light illuminance was lower as comp'md to other relative light illuminance.
On the other hand, the survival rate of Neobalanocarpus leimii and Dryobalanops aromatica
were niore than 90 %.  Neobalanocarpus heimii and Dryobalanops, aromatica are suited to
open-fietd planting, while the low survival rate at 100 % relative light illuminance of scedlings
of the remaining three species suggest that they would not be suitable to open planting.



Table-N17  Relationship betwéen light lllumination and seedlings gr-‘awlh.

Specles - Date Relative illuminance o :
' examind 5% 2% 1 50% | 0% 100%

Shorea laevis May. 1993 |27.4( 70%) [27.4(100%) | 26.5(100%) §28. 1{100%) |26.8(100%)
(Balau kumus) Dec. 1993 |29.3( 1845) 129.5( 985) 129.0¢100%) [29.7( 94%) |28.5( 74%)
Feb. 1994  [29.7( 18%) [32.0( 94%) {29.1{100%) [32.0( 94%) 30.3( 72%)
May. 1994 |30.4( 18%) [43.1( 94%) {34.6{ 90%) {34.3( 92%) |30.4( 62%)
Oct. 1994 C o O%) 153.0( 90%) {44.8( 84%%) [42.1{ 86%) |34.9( 62%)
Growth(cm) : 256 183 14.0 8.1 :
Heritiera sp. May. 1993 {11.6(100%) [12.2(100%) | 13.2(100%) | 1 1.8(100%) | 11.5(100%)
{Mengkulang) Dec. 1993 [15.3( 949%) [15.5( 98%) [15.5( 96%) |14.8( 96%) |14.5(100%)
Feb. 1994 [16.1( 94%) |17.3( 949%) [17.4( 98%) |17.9( 96%) |15.8( 74%)
May. 1994 117.7( 94%) |22.0( 94%) |23.4( T6%) |23.6( 94%) [18.0( 68%)
Oct, 1994 ( 0%) 126.0( 94%) [29.8( 74%) [29.1( 90%) |22.9( 64%)

. Growth{cm) 13.8 16.6 17.3 14
Neobalanocarpus heimii  [May. 1993 |41.7(100%) |37.3(100%) 137.3(100%) |37.4(100%) {43.2(100%)
{Chengal) Dec. 1993 145.9(1009%) 148.9(100%) 145.0(100%) [45.0(100%) 150.7( 98%)
Feb. 1994 . 46.7(100%) 148.9(100%) 149.1{ 98%) [54.5(100%) |56.8( 98%)
May. 1994 |47.8(100%) 152.2(100%) |52.4( 94%) |59.2( 98%) |58.5( 96%)
Oct. 1994 ( 0%) 157.4{100%) |58.6{ 92%)|61.7( 94%) |60.0( 96%)

_ | Growth(cm) 20.1 20.8 24.3 168 .

Palaquium sp. May. 1993 |27.5(100%) [31.9(100%) |30.8(100%) | 32.8(100%) 32.9( 93%)
{Nyatoh) Dec. 1993 [29.5( 98%) [33.6( 94%) |32.8( 96%) [33.9 92%) |34.9( 92%)
Feb. 1994 129.5( 76%) |35.0( 96%) |33.4( 84%) |35.9( 92%} |36.5( 86%)
May. 1994 [30.4( 50%) |36.6( 96%) |36.4( 80%) (40.3( 90%) [38.6( 56%)
Oct. 1994 ( 0%) 139.9( 94%) [40.9( 74%) |45.5( 88%) |41.6( 46%)

Growth{cm) 8.0 10.1 12.7 8.7
Dybalanops aromalica May. 1993 |49.0( 109%) [55.8( 98%) |55. 1(100%) | 52.4(100%) 152.1( 90%)
(Kapur) Doc, 1993 O( 0%) [75.6{ 96%) |75.8( 98%) |70.8( 98%) [67.9( 94%)
Feb. 1994 76.0( 96%) 176.0¢ 98%) 177.5( 98%) [74.7( 94%)
May. 1994 . 85:8( 9496) 183.1( 965%) {81.3( 98%) |75.7( 94%)
Oct. 1994 188.3( 949%) {94.2( 94%) {84.4( 98%) [80.3( 92%)

Growth{cm) 325 13941 320 282

~ Note : 1, This experiment began in March 1993 for each specics.

2. Figures for scediings height are In centimetres,
3. Parenthescs indicate percentage of scediings that took roof and begin to grow.
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Pig.-N16  Relationship between light illumination and seedling growth

(3) Relationship between Frequency of Watering and Seedlings Growth
@) Method
© An experiment was performed to mcasure seedlings survival rate and growth in which
potted seedlings were watered at four frequencies such as twice a day, once a day, once cvely

7w days, or once every three days. Size of polythenc bags used were used 12 X 207, 40

- seedlings of edch species were used for eachi frequency of watering.
b) Resulf and Considerafion '
Resuits are shown in Table-N18, Fig.-N17.
Except for Pentaspadon motleyi, all the other species have shown an increase in survival
rate if they were watered once a day, once every two days, once every three days as compared
“to watering twice a day. In terms of growth, watering once daily produced the best result for all
the species suggesting a general seedlings preference to dryer candition. Pentaspadon motleyi
on the other hand was found to flourish better under excessively moist condition. These
characteristics should be taken into coilsideration when sclecting species for afforestation.
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Tabale-N18 Growth under different frequency of watering

Frequency of watering

~ Nofe : L. This experiment was carried out in June 1993,
2, Figures for scedlings height are in contimelyes.

3. Parentheses indicate (he percentage ol'secdling§ that took roof
and began to grow,

Species Date Twice every | Onceevery | Once every | Onceevery
examined day day 2 days - 3 days
Shorea feprosuila Jun, 1993 [34.9(100%) |36.2(1009%) }35.3(100%) {35.1{100%)
{Meranti tembaga) Dec. 1993 [37.8( 82%) |39.7( 72%) |37.3(100%) |37.3( 95%)
Oct, 1994 ( 0%) |40.5¢ 20%) |38.3( 29%) [38.6( 13%)
‘ ‘ Growlh{cm) 43 10 35
Dryobalanops Jun. 1993 [31.6(100%) [37.4¢100%) |38.5(1009) |36.4(100%)
aroinatica CDec. 1993 [40.2( 879%) [46.7¢ 95%) [44.4( 97%) |38.5(100%)
{Kapur) 10t 1994 163.8( 23%) |81.7( 63%) |71.5( 78%) |78.9( 83%)
- Growth{ciw) 132.2 443 33.0 42,5
Shorea parvifolia Jun, 1993 [27.1(100%) [25.1(100%) |19.0(100%) [2}.1(100%)
(Meranti sarang punai) - |Dec. 1993 |30.9( 50%) [30.7( 57%) [21.6( 67%) [26.7( 67%}
oot 1994 ( 0%) ( 0% |44.0( 5%) [31.5( 5%)
: Growth{cin) 25.0 8.4
Pentaspadon motleyi Jun. 1993 |20.1(100%) 120.2(100%) |17.8(100%) [17.7(100%)
(Pelong) Doc. 19937 |25.2( 92%) [25.0( 87%) |23.0{ 67%) |21.7( 62%)
' oet. 1994 |37.8¢ 43%) |37.1¢ 48%) [27.9( 23%) [30.3¢ 20%)
o . Growth{cin) [17.7 169 10.1 12.6
Neobalanocapus Jun. 1993 - 141.6100%) |52.9(100%) |41.4(100%) [41.1{100%)
heinii Dec. 1993 [44.6( 97%) |56.1(100%) [42.2( 67%) |42.7( 62%)
{Cheangal) Oct. 1994 48.‘3( 65%%) [59.6( 90%) [38.2( 80%) |43.1( 68%)
- Growth(cm)| 6.7 6.7 168 20
Palagutitan sp.. Jun: 1993 127.8(100%) 124.5(100%) |26.1(100%) |28.2(100%}
- |(Nyatoh) Dec. 1993 |32.4( 80%) |31.0( 94%) |31.2( 97%) [31.8(100%)
1 : Oct. 1994 -142.0( 25%) |41.1( 43%) |43.9( 60%) [41.1( 38%)
Growth{cn} [14.2 - [16.6 178 12.9

- Photo.-N25 Growth of secdlings on the differen{ watering frequency
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- 1-4-2 Experiment on Raising Seedlings from Seeds
(l} Seeds Preservation Experiment
a) Pur pose and Method

The impracticality of coordmalmg 'u,eds collection wuh nuiseiy. work  schedules
necessitated the shorl term storage {at the proper temperature ) of seeds that had been
collected. We therefore performed a secds preservation experiment to determine the standards
wnd conditions for a sceds storchouse. An experiment was .performed to find oul the
germination rate of seeds froin 7 different species which hwc been stored over a definite period
at a fixed temperature of 20 degrees Celsius. These seeds \y ere placed in polyvinyl bags during

storage.

b) Result and Consideratwn
Results of the above experiment are shown in Table- Nl‘)

Table-N19 Germination Exp

eriment afler diffcrent period of storage
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-Specics Date | Length of [Number of | Number * | Germination
C collecied storage sceds ™ | germinated |© rate (%)

. [Parashorea densiflora  |Avg.19.1993 { 27 days 1% 0L .

- |Skorea pauciflora Aug.19.1993 | 27 days 175 14] - 8.0}

Shorea curtisii Aug21.1993 | 25 days - 256 13 5.1
Shorea leprosula Aug2L.1993 | 25 days 95 0 .o

Shorea macroptera Aug.24.1993 | 22 days 77 0] . 0

Shorea ovata Sep. 9.1993 6 days 100 9 9.0

Intsia palermbanica Sep.10.1993 | 15 days 32 20 62.5



Most of the Dipterocarps seeds that ha'\e’bcen stored for 20 days have been found to be
‘not viable. Only 2 specics i.c. Shorea curticii and Shorea paticiflora stored over the same
period of time showed a gcrmlnauon ratc of 5 % and 8 % respectively. The seeds of Shorea
ovala stored for 6 days showed a germination rate of 94 %. Therefore il is possible to store the
seed of this species for period of 1 week and still obtain a high germination rate. Other results
showed the sceds of Inisia palembanica stored for 15 days gave a germination rate of 63 %.
Ewmpirically, it is possible to store sceds of leguminous species over a longer period of time as
compared to Dipterocarps species which are generally only able to be store for a period of not
more than | week.

(2) Germination Experimént
a) Purpose and Method _

The purpose of this experiment was to determine weather there are any effects on the
germination rate of sceds that have been obtained from 3 different collection methods. The
different collection methods are as follow;-

a) 'Climbing the mother tree and using shears to cut off seed-bearing branches.
b) Positioning a net at a height of one meter around the mother tree and the fallen seeds are

“collected from it. |

¢) Collecting sceds that have 1lrcady fatlen to the ground,
Germination rate of the sceds collected by these different collccuon mclhods were

cxamined roughly 1 or 2 months after sowing.

“Anather experiment carcicd out was 10 find out if there is any difference in gcmiinaiion rate
~under the different sowing mediunyconditions. These sowmg condltlon are as follow;-
a) The use of saw dust as sowing medinm. '
b) The use of coconut husk as sowing nwd;mii.
- ¢) The use of river sand as sowing medium;
Germination rate were examined roughly 1 month later.
b) Result and Consideraltion
Results of the first germination experiment, i.e. by different collection methods are shown
in Table-N20,21,22.

Table-N20} Germination expériingnt ( Collected by climbing )

Species Sowing |Numberof |[Number of {Germination|Condition
: date  |secds sowing [germination] rate(%)
Shorea leprosula Aug.28.1993] 13,500 12,265 909 @
8. macroptera Aug.26,1993 360 360 1000] @
S. ovafa Sep.27.1993 1,061 666 628 @
0ct.10.1993 _ ' -
S. pauciflora Aug.26.1993 1L,100] . 19,350 932 @
"Toial N - 26,021 23,641 90.9]

105



Table-N21 Germination experiment Collected using the net )

“Specles Sowing . |Numberof [Number of Germvination| Condition
date  [seeds sowing |germination] _rate(%)
Dipteracarpus crinifus _|Mar,15.1993 649 - 95 14.6 @
Mar.30.1993
Apr. 9.1993 _
Shorea parvifolia Apr.10.1993 6,647 5,394 sty @
Apr.11.1993
| Apr.21.1993 _ .
i Total | [ 7,296] 5,489 75.2
‘Table-N22 Germination experiment { Collected from the ground )
Specics Sowing |Numberof [Number of |Germination| Condition
date__ ]seeds sowing |germination] rate(%)
Anisoptera laevis Scp.20.1995 00 32 0] O
Dipterocarpus baudii _|Jan.25.1996 240 48 200 - @ |
fipterocarpus cormitus [NMar.20.1993 261 80 .7 @®
| Sep.28.1995 100 45] - 450 @
Dipterocarpus crinitns_|Aug.23.1995 100 18] is0] @ -
Hopea beccariana Aug.18.1995 200 169 845 @
flopea odorata Mar.15.1993 79 79 1000] @ |
Koompassia malaccensis|Sep.20.1995 100 36 16.0 @
Shorea platycladas Nov. 3.1995 240 287 904 @
Shorea parvifolia Mar.18.1993 m 33 32 O
3 _ Mar.20.1993 _ y
| - Total | 2,191) 1,057 48.2

- @ : Sown within 3 days after seed collection
@ : Sown within 6 days after sced coflection

Shorea pamfo!m was choscn to compare the germmauon rate of those sceds Coilectcd
ﬁom nelting p!accd unduneaih the mother tree and the seeds that hﬂ\e been collected after they
have falien 1o the ground. The rcsult shows that the gcrmmauon ralc of the seeds collected from
the net is 40 % more than the seed collected from the ground. The germination rate of somne
I)lplerocarps seeds collected immediately after they have fallen have reach as high as 80 %.
This is because not enough time for these sceds to be subjected to attack from insect and other
micro-organisins. The timing of secds collection of dipterocarp is generally difficult, If
collection can be carried aut at proper timing, a high germination rate can be expected even
though they are seed coltected from the ground. '
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Results of germination rate under different sowing mediums or conditions are shown in
Table-N23. The best germination rate is obtained from seeds raised from coconut husk sowing
medium. ‘

Table-N23  Germination experiment under different sowing medium

Species Sowing date [Numbcrof  [Numberof [Germination| Sowing medium
seeds genmination [rate (%)
Sep. 22. 1993 900 : 213 237 - Saw dust
1 o . ‘ : o
Shorea ¢artisii |Scp. 25. 1993 1,209 . 355 45.9 Coconut husk
Sep. 23. 1993 10,291 . 672 65 | ° Riversand
& Saw dust | H
.E ! —:::-;*:::,r.
op  Coconuthusk B S . _ ”
.E T T T T T T L T L I T LD T e s s e s e e
' River sand ]]

0 5 1 15 20 25 30 35 40 45 50

Germination rate (%)

Fig.-N18 Germination experiment under different planting sowing medium
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(3) Experiment on Direct Sowing of Seed into Palythene Bag
a) Purpose and Method
Direct sawing of seeds into polythene bags have a few advantages such as they are clicaper
and avoid double handling of seedlings during transplanting from seedbeds. The experiment
carried out was to understand the performance of different species where information/data on
their survival rate and growth are noted. The size of polythene bag was 6" X9 and 50
seedlings for each species were used in this experiment. No fertilizer was applicd during the
experiment, ' |
b) Result o
Results are shown in Table-N24 .

Tabl¢-N24 Production of scedlings from seeds ( direct sowing)

Species : ‘Date examined Date of
Jun. 1993 Dec. 1993] Oct. 1994] direct sowing |
Dipteracarpus crinitus 79cm| 12.6cm| 19.4 cmiMar. [5:1993
- : 1 (00%) | ( 96%) n
Diptérocarpus cornttius 13.3cm} - 18.2cm|  19.6 cm[Mar. 20. 1993
: : o 97%) | € 85%)
Shorea parvifolia _ bi.6em| 22.7cm| 358 cm|Apr: 1. 1993
' : o ] 99%) | ( 87%) ‘
Hapea odoiata 5.0cm 9.1cm| 1.8 em{Mar, 15. 1993
: (92%) | ( 70%)

Note:( - ) survival rale

Though it elapsed for | year 6 months after direct sowing, these 4 species have not reached -
the standards for planted seedling in the field. In particular, Hopea odorata nceds more than 2
years until a growth reaches the standards for planted seedling in the field.

. A

Photo.-N26 Seedling raised by direct sowing (Dipterocarpus crinifus)
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[-4-3 Experiment on Raising Seedlings from Wildings
{1) Size of Wildings During Coilection and Its Subsequent Growth
a) Purpose and Method

The purpose of the experimeat is to find oul the most suitable size of wilding for collection.
The wildings were basically divided into 2 height classes, i.e. 10 cm and 30 cm and information
on their survival and growih were collected. The wildings collected were potted in polythene
bags measuring 6% X 9" and filled with forcst topsoil. 50 wildings from cach species and height

class were used in the experiment.
b) Result and Consideration
Results are shown in Table-N25, Fig.-N19.’

Table-N25 Wildings size and subsequent growth

Species Seedling Category | _ Date of cxamined Growih
~ size May. 1993] Dec. 1993] Feb. 1994 | Oct. 1994] (e
Height :
A Height (cmy 39 T 47 48 50 Tl
: 30~ 50cm| Survival : : '
Hopea odorata rate (5¢) 82 73 - 18 74
' _ Height :
B | Height (cm). - 8 4} I8 23 15
7~ 12¢m] Survival : . '
: . rate (%) 100, - 96 g8 76
- Height _ '
A | Height (cmy 32 33 . A7 46 14
: : ; 20~ 50em| Survival : : : :
Palaguium gutta rate (9) - 100 100 100 100}
Height _
B Height (cm) 10 i1 13 I3 -8
6~ 15¢m| Survival - ) : : _ '
. rate (%) 100 100] 96 96
Height _ -
A | Height (cny) 43 45 46| 48 5
: 130~ 635cm! Sunvival : . :
Shorea talura - Lo rate (%) 100 100 100 100
. Height
B ] Height | {eny) - 9 t0 13 i3 9
t 5~12cm| Survival : . : :
:  rate (%) 100 100 92 92
: Height ' '
A | Height {cm) 22 23 21 32 10
20~35cm| Survival '
Calophyilien sp. rale (%) 100} 100 100 . 100
' . Height _ : _ L
B | Height | Gm) 13 13 16 19 6
" | 8~15¢m| Survival ' :
ﬁ ' rate (%) - 100 100 100 100
' Height o . P :
A | Height | - (em) 22 23 24 34 12|
AR © 20~ 30cm] Survival : : _
Gonysevtus affine - rate (%) 100 100 100 100
s Height
B Height {cm) 14 16 23 29 15
10~ 15cm] Survival '
. rate (%) 100 100 98 98
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Fig.-N19  Wildings size and subsequent growih

Survival and _grbwth of Hopea odarata werc found to be the best for wildings in 10 ecm
height classes. There was o signiﬁcanl difference in lérms of survival and groxvlh for the other
- {4) ‘;pccws in this experiment. In this respect it is safe to assumed that wildings collected below
30 cm in height will rot pose any problcm and are ab[c to produce a desirable survival rate and
- growth.

Photo. N2'I Size of mldmge durmg collcctlon C Pho!o.‘-NZS Th(; same wildings
and its subsequent growth 5 . after 13 months ( Dee. 1994 ) -
( Shorea talura : Nov. 1993) : .
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(2} Sludy on The Process of Wilding Mortality under Natural Condition
a) Purpose and Method

The seed of many specics of daptcrocarp and other indigenous specncs had no dormant
pcnod, Germination generally occurs within several days to several weeks after falling to the
forest floor. Seedlings then appedr in extremely large numbers, but many died due (o

competition, insufficient sunlight, disease and insect attack.

The experiment aims to determine the process and the rate by which the wildings die. 6
mother trees (Shorea leprosula, S. parvifolia, Neobalanocarpus heimii, Hopea odorata,
Pentaspadon sp. and Koompassia malaccensis) were identified in Chikus natural forest for this
experiment. Underneath these mother lrees, quadratcs (2 m x 2 m) were established and
designaied as éxperimental plots No. 1 through 6. All the wildings in the guadrant were initially
marked and invenlory on their survival and measurement of growth were carried out at

predetermined intervals.
b) Result and Consideration
Results are shown in Table-N26, Fig-N20.

Table-N26 The process of seedlings mortality in natural forest

Plot No.| Seedling hieight when | Number of seedlifigs Death
bcginning_@xamination Mar. 1993| Feb, 1994] Jul. 1995 | rate

Less than 30 cm 10 7 5 50 %

I Over 30 cm 9 8 4 56 %

Subtotal 19 15 9 53 %

Less than 30 em 2 0 0 100 %

2 Over 30 cm 7 7 6 14 %

Subtotal 9 7 -6 33%

Less than 30 cm 3 2 0 100 %

3 Over 30 em 6 5 0 100 %

Subtotal 9 7 -0 100 %

Less than 30 cm 3 3 1 . 61 %

4 Over 30 ¢m 7 6 5 29 %

Subtotal 10 9 6 40 %

Less than 30 ém 15 10 2 87 %

5 Over 30 ¢n k) 3 3 0%

“Subtotal 18 i3 5 72 %

Less than 30 ¢m 13 8 3 17 %

6 Over 30 ¢m 12 12 11 8 %

= Subtotal 25 20 14 44 %

‘ less than 30 cm 46 30 11 76 %

Total Over 30 cm C 44 41 29 34 %

Tetal 92 T 40 56 %
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Fig.-N20 The process of seedlings mortality in natural forest.

The 6 plots were established in March 1993 and at that time within the plots there were 90
wildings identified and markéd. Mortalily rate at 1 year after the establishment of the plots were
recorded at about 20 % and they further increased to 55 % after 2 year 4 months. The number
‘of wildings that died during the period was 50 out of which more than 70 % was made up of
wildings below 30 cm in height. From these results, it is advisable to start collecting wildings
carly (before they grow too high) in order to secure a larger number of viable wildings.

(3) Experinment on The EfTi caency of Transpi: ation Control (,hemical
a) Purpose and Method
- High percentage of moriallty is expected due to changes in environment when the wnldmgs
~ ar¢ moved from temporary nursery to pcrmanent nursery. Wildings were normally kept for.a:
period of 1 to 3 months in temporary nursery (in the forest) after which they were transported
to Chikus nursery. The purpose of this experiment was to find a solution/technique to reduce
mortality during relocation of wildings from temporary nursery to permanent nursery. The
wildings were sprayed with “lranspiratfon control chemical” at temporary nursery in the forest
' before being transported to Chikus nursery. A comparison was made between the w1ldmgs '
subjected to “the chemical” and those that were not in terms of their survival and growlh 2
months later. The wildings used were about 1 month after germinalion. ‘The chemical agent
used was “Midorinaru™, a plant growth agent made by Japan’s Toho Chiba Kagaku Kogyou
and diluted with water at a ratio of 1 ; 15 and 1 20.
Result and Consideration
Results are shown in Table-N27,28, Fig-N21,22.
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Table-N27 Transpiration control chemical experiment { 1)

| Fig-N2 Transpiration confrol chemical experiment ( I )
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- Species .
Category Parashorea Dipterocarpus | Shorea Shorea
~ densiflora cornuis parciflora leprosula
Number of seedlings 670 163 1,041 2,479
Sprayed [Number of dead 28 8 3 09
Survival rate (%) 95.8 95.1 96.8 97.2
Not Number of seedlings 2,517 24 240 120
sprayed {Number of dead 256 6 3 13
Survival rate (%) 898 150 _ 37.1. 89.2
Note : Seedlings were transferred in December 1993 and examined in February 1994,
10,0 95.8 95.1 96.8 972 ]
: 89.9 ] 57 1 B92 -
: : i : _ 1 Sprayed
- 50r 759 3 :
B [ [} Not - sprayed
S
3 60 -
g
-
E 40 |-
2
20
0 . N T
 FParashorea Dipteracarpus Shorea - Shorea
densiflora ; - cornutus : pauciflora leprosula




‘Table-N28 Transpiration confrol chenical oxperiment (1)

Fig.-N22 Transpiration conlrol chemical experiment ( Il )
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Spocics
Category Shorea Terminalia  |Fleteriospenuen | Scphitan
e nricroperd caapa fapos  macropocian
Nunbor of scadlings 250 250 % 290
Height of 1o 1658 3789 1266
: bogining (cn) 6~21 5~37 21~75 5~
Sprayed | Hoight of alter 1975 3812 537 1965
3 mouths (o) 8~42 1~a3 24~80 7~30
Nurrbor of dead 2 3 : I 1
Survival rale (%) 9.2 938 6.9 %6
Geowth rate (%) 179 230 142 155
Nunixr of scadtings 250 250 06 . 250
Height of 1268 16.86 3790 1076
beginving {cn) 5~22 5~31 21~65 3~23
Nt Hoight of after . $YA) 3142 097 15.59
sprayed 3 nontls (o 7~40 16~55 25~T1 6~20
DNunvber of dead 4 3 4 2
Survival rate (%) a4 0988 95.8 9.2
Growthrale (%) 163 m 134 145
Note : Soadlings were transferred in April 1995 and exaninad in July 1995,
_ Awzage
- Mninwa~Mudnum
100 98 96 94 92. 90 100 150 200 250
T T 1" T I
, [_99.2% L Shorea .~ | - 17 ;oa
e miacropterd, 3k
98.8% ' : T&mr’nah‘a L __‘__;ﬁﬁ__ﬁo%
08.8% calappa . P 273 N S
[x
I 96[:;3% g - Ftate ri?;;;;m; L] _85_%"_] Spfé) od
0 —- I Net - sprayed
l D% | Scaphiwsi 155%
I 992 % R macropedunt —?"@
Survival rate (%) Species Growih (cm)




Transpiration control chemical (1)
 The result of all 4 species used in the experiment indicated that “the transpiration control
cheniical” increased the survival rate of wildings roughly 10 %. (No sfudy in terms of growth
was carried out)

‘Franspiration control chemtcal (1)

There was no differcnce in term of survival rale between wildings sprayed and those
wildings which were not sprayed with chemical in this experiment. However, the growth rate
increased to roughly 10 %. S

It is belicved that the chemical used in the experiment has some effect on the wildings (hat
" is by reducing evapotranspiration and . helping to promote root growth. This resulted in an
©increase in survival rate in experiment ( 1) and increase in growth recorded in experiment(1l).

. e

Phote.-N29 Spraying lranspiration control
chemical prior fo fransportation

EO A Bl

AT 100
0 (1T LNTA Y
B S B

GPRELMT TR
SRR B S R

Photo.-N30 Experiment on the efficiency of Photo.-N31 The same
~ transpiration control chemical (Sprayed: Shorea macroptera) {Not spraycd: Shorea macroptera)

115



(4) Study on The Effect of Dilferent Polythene Bag Size on The Growth of Wilding
a) Purpose and Method ' _—
"The experiment aims at determining the optimum pot size in terms of costs and adequate
wilding growth. 6 species (50 wildings for each species) were selected for this experiment and
they are planted in 5 diffcrent pot sizes. Data on their survival and growth were later collected.
Potting medivm was from forest topsoil.
) Result and Consideration

" Result are shown in Table-N29, Fig-N23.

‘Fable-N29 Pot size and wildings growth

:‘ Specics

Date ‘
exanined

Pot size (Diamcterem X Heightian)

A=10X15

B=10%22 | C=13X16

D=15X22| E=18X22

: 1 {opea edorata

May. 1993
Dec. 1993
May. 1994
Oct. 1994

10.%(100%)
15.3(100%)
15.3(100%)
16.1( 84%)

11.4(100%)
12.9( 98%)
13.9( 9%6%)
14.20 M%)

9.0(1004%)
11.6(100%)
16.3( 92%)
17.6( 18%)

12.4(100%)
15.1¢ 82%)
15.4( 84%)
19.4( 82%)

10.7(100%)
13.5( 98%)
15.9( 94%)
17.9( 90%)

Growth{cn)

5.2

2.8

3.6

7.0

12

Pentespadon
maoilety .

May. 1993
Doc. 1993 .
May. 1994
Oct. 1994

12.4( 96%)
18 88%)
2.0 84%)
29.7( 82%)

12.2(100%)
20.1( 90%)
23.4( 88%)
25.7( 84%)

10.3( N%)
17.7( 86%)
24.0( 84%)
26.1( 78%)

10.6(100%)
17.2( 88%)
22.6( 82%)
29.4( 66%)

13.7(100%)
20, M%)
21.1{ 90%)
26.2( 16%)

Growth{cm)

17.3

. 138

15.8

18.8

12.5

Shorea leprosula

Jul. 1993

e, 1993
May. 1994
Oct. 1994

26.2(100%)
282 66%)
3.6 51%)
32.4( 18%)

23.3( 98%)
25.9( 70%)
31.1( 42%)
34.0( 429%)

22.4(100%)
26.2( 86%)
31.5( 48%)
33.7( 38%)

20.7(100%)
25.2( 58%)
28.2( 56%)
3.7( 40%)

31.0(100%) | -
33.4( 76%)
33.6( 54%)
34.1( 44%)

Growth{cm)

62

10.7 -

11.3

£3.0.

3.1

Shorea panvifolia

Jul. 1993

© [Dec. 1993
- {May. 1994
Ot 19

21.1(100%)
244 949%)
25.4( 10%)
27.0 62%)

20.4( 98%)
20.9( 84%)
24.3( 40%)
25.5( 38%)

18.1(100%)
19.5( 84%)
29.6( 76%)
1.2( 52%)

21.8(100%)
23.7( 86%)
25.1( 84%)
38.0( 80%)

25.4(100%)
30.2( 94%%)
33.2( 92%)
36,2 62%)

Growth{cin)

59

Sl

14.1

16.2

10.8

Shorea macroptera

Jul. 1993
Dee. 1993
May. 1991

| Oci. 1994 -

15.8(10095)
15.% 40%)
164 38%)
39,5 32%)

16.8(100%)
17.7( 58%)
20.5( 58%)
23.7( 46%)

14.2(100%)
15.5( 66%)
23.5( 64%)
28.7( 46%)

12.9(100%)
16.4( 66%)
17.9( 66%)
30.7( 46%)

14.8(100%)
16.4( 44%)
20.6{ 42%)
1.5 2%)

o | Growthicm)

23.7

6.9

14.5

17.8

127 . .

- |Heriiiera sp.

ot 1903

Dxc. 1993
May. 1994
Oct. 19

10.1(100%)
12.2( 74%)
14.5 74%)
24.% 74%)

13.3(100%%)
13.7( %)
15.2 70%)
18:2( 70%)

9.7( 98%)
12.1( 92%)
20.9 86%)
24.8( 76%)

11.3(100%)
15.7( 88%)
18.0( 81%)
27.3( $4%)

10.0{100%)
13.9 74%)
17.2( 74%)
20.1(. 74%)

Growth{cm)

14.8

4.9

15.1

16.0

10.1
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!ﬂg -\23 Pot size and m!dings growth

Hopéa odorata phmed in large- sumd pots had consistent survivat rate and growth.: Thcn,
is no significant difference in terms of growth or survival rate for Pentaspadon motleyi planted
i different pot sizes. Whereas for species such as Shorea leprosula, Shorea parvifolia and.
Hentwm sp. perform the' besl in survival and growth in poi size D. Pot size A (10 cm X 15
cm) c_m the other hand seems (o favour good growth for Sharea macroptera. Based on the
rcquit'compiied so far, different pot sizes scein suitable for higher survival and good growth for
different species, Generally it is expcctcd that the bigger the pot size the better the performance
of wildings in terms of their survival rate and growlh but this did not prove to be conclusive in
the expuumm

Photo.-N32 Simly on the effect lo dlfl‘ercnt pot size on the growth of \'.lldmg
( Heritiera sp.)
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(5) ¥ertilizer Experiment
a) Purpose and Method
The purpose of the experiment was to find the optimum quantity of fertilizer needed for
adequate wilding growth, The wildings selected for this experiment were subjected to 3
different levels of fertilizer. The first level being a contro} where no fertilizer was applied, the
second level involved application of 6 grains of fertilizer and the final level where 40 grains of
fedtilizer were applicd to each pot. The fertilizer used was NPK(N-15 %, P'O*-15 %, K*O' -
IS %). Thec polythene pot measure 6“X9” and filled with potting medium made from forest
topsoil. 100 wildings were used for’ each specics selected and subjected to the 3 levels of
- fertilization. The survival rate and their growth were later recorded at a pr«,dctcrmmcd interval.
b) Result and Consideration
Results are shown in Table-N30, Fig-1 \124
Wildings of Shorea macroptera, Pometia sp. and Peuraspadon motleyi that reccived six
grains ‘of fertilizer had good survival rale and showed favorable growth. Hepea odorata
wildings that received no fertilizer achicved almost the same growth and survival rate as those
that did. Surprising for wildings of Calophylium sp. and Koompassia malaccensis thal received
no fedilizer the results show they have thé best growth and the highest survival rate.
Applicﬁtion of 40 grains of fertilizer o Shorea nmacroptera and Calopliylium sp. resulted in the
lowesl survival rate of the wildings at the end of the experiment. If the growth of the collected
v1|dmg is slow and consldenng the result from the above experiment it is advisable to only
apply small doses of fertilizer to enhance their growth.

Photo.-N33 Fertilizer experiment for wilding ( Koompassia malaccensis )
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Table-N30 W IIdings fertitization exper!ment

Date Quanlity of fertitizer - .
Species examined None Six gralns Forl! grams ‘

Shorea macropiera Jun. 1993 17.4(100%} [18.0¢100%) [17.1(100%)
(M éranti melantai) Dec. 1993 19.2( 95%) |22.6( 89%) 123.0( 25%)
Feb. 1994 19.2¢ 95%) |23.0( 88%) [23.0( 25%)
May. 1994 [23.0( 94%) {28.0( 88%) [26.3( 25%)
Oct. 1994 149.9( 78%) [63.3( 87%) [30.3( 24%)

Growth(cm) |32.5 - 145.3 - l13.2
Calophytlum sp. Jun. 1993 11.2(100%) {12.4(100%) [11.8(100%)
{Bitangar) Dec. 1993 |14.2( 92%) |15.6( 58%) |14.7( 59%)
Feb. 1994 14.3( 92%) |15.6( S7%) |14.7( 47%)
May. 1994  [20.1¢ 92%) [19.2¢ 57%) |17.7( 45%) -
QOct. 1994 27.9( 92%) [24.3( 57%) -|22.0( 45%)

Growth{cm) {16.7 11.9 10.2
Hopea odorata Jun. 1993 11:7(100%) [12.0(100%) |12.4¢100%)
{(Merawan siput jantan) Dec. 1993 15.8( 97%) [16.9( 94%) [16.9( 94%)
Feb. 1994 - [18.0{ 95%) [20.0( 95%) 120.6( 91%)
May. 1994 |26.0( 90%) [29.2( 95%) {30.7( 88%)
Ocl. 1994 - |36.5( 88%) |40.5( 924%) [|37.2( 86%)

Growth{cm) [24.8 128.5 24 8 '

NPometia sp. Jun. 16893 16.8¢100%) }18.0{100%) |I8.1{100%)
(Kasai) Dec. 1993 20.6( 89%) [22.17 96%) |20.9¢ 96%)
Feb. 1994 22.0( 89%) |24.3( 93%) [23.0( 96%)
May. 1994  [33.9( 88%) [36.9( 93%) [36.1( 96%)
Oct. 1994 42.1( 88%) |48.6( 93%) [44.5( 96%)

Growth(cm) [25.3 306 . 264
Kemmpassia maraccensis Jun. 1993 17.3(100%) |15.4(100%) [13.1(100%)
(Kempas) Dec. 1993 18.0( 93%) |16.6( 96%) [13.9( 96%)
Feb. 1994 19.8( 90%) [17.0( 96%) |[14.8( 93%)
May. 1994 [20.6( 89%) |22.1¢ 96%) [20.9( 86%)
|Oct. 1994 29.4(_88%) [23.0¢ 85%) [21.9( 85%)

Growth{cm) |12.1 7.6 . 3.8
Fentaspadon motieyi ‘Pun. 1993 |21.8(100%) (20.4(100%) [19.9(100%)
(Pelong) Dec. 1992 24.9( 95%) [22.5( 98%) [22.5( 99%)
L Feb. 1994 26.1( 95%) [24.1( 97%) [23.0( 95%)
May. 1994 |37.7( 94%) [38.5( 96%) |37.3( 94%)
Oct, 1994 |45.0{ 81%) [46.0( 84%) [41.3( 88%)

Growlh(cm) [23.2 25.6 21.2

i1




L

20 30 40

Shorea macroptera

Hopea odorata

Pometia sp.

Koompassia

malaccensis

Pentaspadon

rotleyi

D None
[ 7] 6 grains
D 40 grains

Sunvival rate (%)

Fig.-N24  Wilding fertilization experiment
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(6) Shading Experiment
a) Purpose and Method

The experiment ainis at finding the opnmum shading rate for ‘adequate wildings. Using
wildings immediately after collection, an experiment was performed to record wilding's survival
rate and growth after they were subjected to 5 levels of relative light illuminance ie. 5 %, 25 %,
50 %, 70 % and 100 %. The different relative lighl’ illuminance were achieved by using black
plastic netting. The wildings were planted in polythene bag measuring 6 X 9” and filled
with forest topsoil as potting medium. SO wildings were used for each species and each level of
relative bight illuminance. _

b) Result and Consideration

Results are shown in Table-N31, Fig-N25. _

All the wildings from 4 of the specics selected died 6 months. after the start of the
experiment at 5 % relative light illuminance. The other species, Shored macroptera also
recorded 100 % mortalily after 1 year 6 months. In order to obtain 5 % relative light
illuminance, the seedbeds were fully covered with black plastic netting (top, side and end parts)
thus resulted in an increase in temperature dnd prevent proper air circulation. The result also
indicates that at relative light illaminance of 50 %, Shorea parvifolia registered the lowesl
survival rate, while at 25 % relative light illarinance Shorea leprosila show the lowest growth.
However, in general there is no signiﬁcam dilference interim of survival rate or growth of all
the species under examination at relative light illuminance of between 25 to 70 %. Survival rate
at 100 % relative illuminance for all species was low cxcept for Pentaspadon motleyi after 9
months of the experiment as compared with those wildings that were subjected Lo relative l'igh:
illuminance of between 25 to 70 %. Survival rate of all the species chosen for this experiment at
100 % relative illuminance after 9 months was consider: bly lower as compan.d with between
- 25 % and 70 % telative iluminance. This is probably due 1o the inability of the wildings to
- adopt to extreme variation in environment’ when they are relocated from under natural forest
- conditions to an open arca. In order lo prcparc healthy and sufficient number of wildings for “
: plantmg in the field, it is rccommended they be provided w:th relative hghl illuminance of
" between S0 % to 70 % while they were_mlsed at the nursery. -
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Table-N31 Fxperiment on wildings provided with different light infeusity after collection
Species Dute L Radative illanirnce -
| emied | 5% | 5% | 0% | W% | 100%
Shorea leprosila Muy. 1993 [28.2( 189 [ 540010096 |32.4(1007%) [44.1(100%) | 32910075
Mratitandegy (D993 | 0O( 07 [S62(1000%8) | 36X(100%) [47.0(100%) [39.1( 76%)
Feb. 1904 | QOC O%) |S86( 987 [48:2( 92%) [48.0( 98%) |40.5( 54%)
My, 1991 | 00 099 {59.5( 949%) |53. 50%) [S2.8( 84%) [41.2( 34%)
QL1994 | 00( 0% |G0.3( 867 [55.2 429%) |55.7( W) |49X_32%)
Geowth{am) 63 |28 116 170
Shoreapanifolia - [My. 1993 [19.8( 12%) |22.5(100%) |21.4( 98%) [24.0(100%) [ 21.2(100%)
(Morevdi sang puncd) [Dec. 1993 | QOC 068 |26.1(100%) {25.2( 90%) [27.5(10096) | 25.0( 84%)|
Feb. 1994 | OO 0%) [27.3(100%) | 28.6( 90%) |27.% 90%) | 23.5 50%)
My, 1991 | GO( 0%) |34.7( &%) |334( 18%) |32 1( 76%) |26 18%)
Ot19d | 00 0%) [49.9( 78%) 364 149 |36.6( 68%) [31.1( 16%)
Gomhlam) 270 150|126 99
Shorcanacrgptera Muy. 1993 |15.5(1007%) | LG 1(100%) | 16.1(100%%) | 15.5(1009%) | 17.8(100%)
Morantindanta)  [De 1993 [17.20 98%) 1710 907%) | 18.2( 86%) |16:2(100%) | 19.8( 82%)
Feb. 1994 |17.3( 829%) | 19.7( 829%) | 182 869 [18.3( 8099 {20.5( 38%)
Muy. 1991 |18.1( 62%) |35.4( 207|271 86%) |21.8( 80%){25.X 36%)
QL1994 | 000 0%) 149.3( 5890 38.1( 82%) |34.8( 76%)130.1( 36%)
Growth{cn) _ 332 20 193 {123
Hopea odorina vhy. 1993|103 86%) [ 10.8( 98 [ 11.4¢ 98%) |41.1(10009) | 11.4( 82%)
(Merasan sipu jantan) Do 1993 0 0% [15.7( 88%) | 14. 96%) | 164 96%) | 4.0 807)
(Eeb. 1993 | 000 0%) |17.5( 72%)| 15.1 807 |77 82%) | 170 40%)
May. 1994 | Q0C 0%) [24.6( 50%) | 18.7( 56%) [27:% 60%)|27.3( 12%)
Q19 | 000 0% [36:8( 469 |20.0( 54%) [404 G0%)[368( 8%)
: |Goossth{om) - 1260 - |176 293 254
Petaspadonmorleyt [May. 1993 [15.8( 1099 [ 18:2( 9496 [18X1007%) [ 18.2(100%) | 16K 98%)
(Pelong) D993 | 000 0%) |25.1( 9190 |25.2( 7890 |24.6( 86%)[23.7( 80%)
Teh. 1904 | 00 0%) |284( 889 [27.7( 64%) [25.7( €09%) [28.1( 78%)
My, 1904 { 000 0%) |33.3( 789%) |31.3( 56%)|304( 529%)|37.8( 68%)
01199 | 00( 0%) [42.1( 68%) |41.8( 549 |39.X 529|482 66%)
Geouhicn) 239 - [29 211 313

Note : "This expevirment began inNarch 1993 forr Al specics,
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Fig.-N25 Experiment on wildings provided with different light intensity

1-4-4 Other Seedlings Production Experiments

(I} Experiment on The Introduction of Mycorrhiza into Dipterocarp Seedlings

a) Purpose and Method . 1

Certain mycorrhizal fungi has been found to have beneficial influence during initial growth:
of dipterocarp seedlings and their survival after planting in field. An experiment to determine
the rate of infection of mycorthizal fungi 10 8 Dipterocarp species was carcied out. An
additional study on 3 of these species was also performed to examine the correlation between
growth, dry weight and mycorrhiza formation. Leng(h, dry weight of top and root, number of
leaves and buds, color of leaves were measured and cstimated from cach seedling. Mycelium
and mycorthiza formed in the potting medium were later measured and recorded. The number
_ of seedlings’ from cach species used in the experiment were either 10 or 50 picked at random
from scedbeds, |

b) Result and Consideration
Results are shown in Table-N32,33, Fig-N26.
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Table-N32 Infection rate of mycorrhiza on dipterecaips seedling
( Nunber of scadlings examined : 50 soodlings )

“Spocies - | Sowing | Ageof Infection rate (%)
| dae | seedling | Sd | 1ac | Con | Ino | NONE
Shorea ovalis Qct. 199480 months| 72 24 2 0 2
Shorea leprosula Jan. [995(4.5 months| 23 3] 28 17 21
Shorea parvifolia Jan. 1995]4.5 ronths| 76 4 6 2 12 ]

Note: 1. Scl= Sclerodenma sp. - 2. Lac = Laccaria sp.
3. Gen = Cenococcian sp. 4. o= lnocybe sp.
* Seadlings of Shorea leprosuta was 53 soedlings.

Table-N33 Tufection rate of nycorrhiza on dilxenk'alm séulling
- ( Nuiiber of soodlings examined ; 10 secdlings )

Spxcies Sowing | Ageof Infoction rate (%)
i date sm]ling S | Lac | Cen | Ino | NONE
Shorea curtisii Beb. 1995}3.5months| 30 | 30 | O 0 40
Shorea macroptera _ [Jan. 1995[4.5 nontls| 70 10 10 0 10
Shorea dasyphytla - | Feb. 19953.5months| 10 { 40 | -0 | 40 10
Dipterocarpus oblongifolius | Feb. 1995]4.0nonths| 30 {40 0 0 30
Dipterocarpus fagineus Feb. 1995]3.5 months| 20 0 20 0 60

Nolte : §, Sel = Sclerodeinia sp. 2. Lac = Laccaria sp.
3. Con = Cenococcton sp. 4. Ino = Inocybe sp.

. Scleroderca

Cenococcum

Laccania

Fig. -N16  Infection rate of the mycorrhiza

4 species of inycorrhizal fungi had been detected in the experiment. They are Scleroderma
spp., Laccaria spp., Cenococcum spp. and [nocybe spp.. More than 80 % of sccdliﬁgs
examined were infected by one or combination of these mycorrhizal fungi. The most common
being Scleroderma spp. and Laccaria spp. Scleroderma spp. made up about 50 % of
mycorrhizzi infection by weight and it was-found to be most important in enhancing growth of
Dipterocarps.
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lableeN32 Infection rate of noycorrliiza on dipterociuys seodling
o ( Nunber of scodlings examined : 30 soadlinigs )

~ Spevies Sowing | Ageof Infoction ITIT(”(_)N IR
| date | seodling | sd dac 1 Cen _ng_‘lﬁl() yp
[Stsrea enlis  Joooisononds| 72 [ ] 2 ] 0 [ 2
Showea loprosulu Jan, 19954 5 months| - 23 THEE: 17
Showea peavifolia Jan 1995 S noatis] 76 | 9 6 2 2
Nole s L Se) = Sclerodenma sp. - 20 L = Lacearia s, T T
3. Cen = Canococaan sp. 4. o= Thoabe sp,
* Seodtings of Shorea keprosuk was 53 sedlings.
‘Table-NA3 Infection rate of mycorhiza on dipterocaps seéd]ing
{ Nunder of soodlings cxanined s 10 soodlings ) o
Spevics Soming | Ageof Tnfeution ride (57 L____. )
dite | soadling | Sel | dae | Gen | o [ NONE
| Stiorca cartisii Feb. 1995)3.5 nontis| 30 30 o | 0 l__ 40
| Shnca nwcroptera Jan, 1995)4.5 nonthe} 70 LN LU
Shorea dawphindlu Feb. 1995135 nontts| 10 40 0 09 | 10
Dipterocarpus oblongifolins b, 1995[4.0 months| 30 40 O 1 0 1 30
Dipterocenpus fraginens Fob, 199535 nonths | 20 0 2 0 0
Note s 1 Sel = Seleredenne sp. 20 Lae = Lacearta :.\p.
3 Con= Cenococaon sp. 4 o = Tnacybe .
None
e Selerederea
Inocybe 722
50%
Cenococeunt
Laceana T A -
Iig. -N16  {nfection rate of the mycarrhiza

4 species of mycorrhizal fungi hid been detected in the experiment. They we Scleroderma
spp., Lacearia spp., Cenococcumt spp. and Inocvbe spp. More than 80 <6 of seedlings
examined were infected by one or combination of these mycorrhizal fungt. The most commeon
being Scleroderme spp. and Laccaria spp. Sclerodernia spp. made up about S0 €6 of
mycorrhiza infection by weight and it was found to be mos impottnt in enhancing growth of

Dipterocarps.
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LT : 2 ¢ AL <4
Photo.-N335 Recorded myccliun and mycorrhiza Photo.-N36 Recorded mycctium and mycorrhiza
" - on potling medium (by Dy, Ogawa) .~ on the root of seedling (by Br. Ogawa)

¢) As to Introduction Mycorrhiza into Dipferocarp Scedlings
¢)-1 Purpose :

Majority of forest tbpsoil contain mycorrhizal fungi and if we plant seedling in the forest
they will be paturally infected by them. However not all mycorrhizal fungi will have a good
‘cffect on the growth of a particutar species éspeciatly Dipterocarps. As many previous studies
indicated that dfall_thé mycorrhiza detected, Sclerodering spp. is the most inﬂu_cnlia:l in terms
of growth for. Dipterocarps species.” Thus this study aims al introducing this patticular
mycorrhiza during the production of Dipicrocarpé. seedlings at the Project nursery. |

~¢)-2 Method : - '

“The method employed was to improve the design of seedbed and add the souwrce of
inoculation into the potting medinm in order to induce high incidence of infection by
Scteroderma sp. mycorrhizal fungi. ' o
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¢)-3 Planting of Infected (With Scleraderina sp.) Dipterocarp Seedlings.
Dipterocarp species of fast growth such as Shorea leprosula and Shorea parwfo!m are:
planted around or inside the nursery for futire shading. These planted seedlings had already

been inoculated or infected with mycorrhiza of Scleroderina sp..
&
5
Dipterocarp species
' &
o o

Photo.-N38 - Seedbed for infection of mycorrhizal fungi to the seedlings
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¢)-4 Preparing special medivm for seedbeds floor

As mentioned carlier, most of seedbeds were constructed from concrete and this has made
the inoculation of mycorrhiza through the polythene bag impossible. The idea of the experiment
was to promote the growth of mycorrhiza on the floor of seedbeds which later penetrates
through the polythene bags and finally make it available in the potting medium. The floor of
seedbed in this case was made up of a mixluee of forest top soil and charcoat (either wood or
rice husk ch_arcdal) about 0.1 to | cm thick. The charcoal should be roughly 2 % in volume and
having pII value of between 6.5 to 7.0. Formation of mycorrhizal fungi had been found
unsuccessful if pH value is more than 8. Polythene bags were later arranged on these seedbeds.

Pavm B

Forest topsoil mixed with rice husk charcoal

(2 % in volume, adjust pH from 6.5107.0)
7

4 cm

Fig.-N28 The secdbed floor al_'é filt with a mixture of forest topsoil and charcoal

)-5 Posmon of hole on the bag :
~ To facilitate the infection of mycorrhiza from the ‘:eedbeds into the polylhun, bags itis
:import*m_t to create opening/hole on the side of the bags at the height of between [ to 2 ¢m from
- the bottom. Do not make the hole at the bottom of pof as it will fesult in the main rool extended’
out into the ground (seedbed). ' '

_ - T Holel ~ 2c¢m lieight .
Fig.-N29 POsiIioi_l of hole on the bag
c') 6 Potling medinm (A Mixed Rice Husk Charcoal énd Forest topsoil)

= Anoshm approach of encouraging the formation of mycorrhizal fung\ is by preparing
Specml polting medium. In this casc the potling medmm is made up of a mixlure of forest
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topsoil and charcoal (cither from wood or rice husk with the ratio of 2 % by volume the pll
value kept at between 6.5 10 7.0, Carbide produced from the charcoal accelerates the infection.

c)-7 Reference Photo. & Table

Photo.-N40 Infected potting soil by -
mycorxrhizal langi {(Scleroderma sp.)

* Photo.-N4{ Enlargement photo of
mycorrhizal fungi (Scleraderma sp.)




Photo.-N42 Fruit bedy of Laccaria sp.

) Y 'ﬁ £ 3R

ﬁ"‘«'- .
2 _' %
LTS

" Photo.-N43 Infected potiing soil by 'Photo.-N44 l*lhlag ement photo of
mycorrhizal fungi (Laccaria sp.) - mycorrhizat fungi (Laccaria sp.)

7
&,
e

ALY,

Photo.-N46 Enlargement photo of Photo.-N47 Enlargement photo of
mycorrhizal fungi (Unocybe sp.} mycorrhizal fungt (Cenococcum sp.)

129



Table-N34 The major mycorrhizal fungi and their characteristics. Modified from:

Ogawa (1995)
1.Scleroderma coluinndre |2. Laccaria sp. . Cenoccocum sp, Id. Inocybe sp.
Froit body noa-gilled gilled ne fruit body brown, smalt
- it brow.n
bulb bike _— (/S *
grayish brown light brown 1o brown Yy mycorthiza '
selerotic former : :
white brownish violet - AN
0.5-1.0 nun black balis i
white rhizomorph white are formed in
‘ surface soil. .
AMyectiom Jrhizomorph, like thread. mycelivm like colton brown | rhizomorph like net, black, transparcat to gray
v.-hilc and thick, visible, toviolat ~ linvisible
_ on the surface of pot soil visible on the surface of pot soil]
Myvorrhiza [pure white brown, to whitish violes pure black |white - light brown
surlace :
jcotor : - - -
Morphology [curding vlongated 1t looks nornrdd geowing roots  [H looks io be wilied : L‘\
‘ % oot tip : ' . Jj
. mycelivm : -
: surface hard snatl rod
fungal sheath thic fungal sheath thin _ lfungal sheath thin " ot small bronch .

(2) Hardening Expérimen't
- a) Purpose and Method
The purpose of the expemncm was to devise the mosl cffcclwc treatment or method for
hardening the seedlings before planting them in the field. All the seedlings were placed in a
specially constructed drainage board throughout the duration of the experiment. Refer lo
Pholo.-48. 2 parameters, which include the amount of sunlight and watering frequencies made
available to the seedlings manipulated in this experiment. 11 species were chosea and
measurements such as scedling height, diameter and the number of leaves were recorded.
Additional information such as osmotic potential and T/R ratio of these qccdlmgc were gathered
' al'lcr a period of 8 weeks and § montlis respectively. ' '
: ‘The cxpcumem was carricd out by Dr. Matsumolo JICA short-ferm’ cwpert in October
1995, A report entitted Establishment of Hardening Technique ” was prepared where resuits
and recommendations on the subject were discussed in detail. | :
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Phote.-N5S0 Scedlings and scedbeds for hardening experiment
(4) Experiment on Cutling
‘a) Purpose and Method
Vegetalive propagation/Cutling is one the best methods of raising seedlings which possess
the same excellent genes as that of the individual mother tree. It is also impostant to rely on this
method especially when it is difficult to colicct and store the desirable sceds. Normally, a higher
raté of success (cutting) will be expected from species that have better rooting formation/
| dblllly '
lhc pchct therefore had pcrfoumcd cxmnmllons to find possibility of producing -
seedlings of a certain species by culling. 4 species were selected for the experiment which
-began in March 1993 and another 10 species in July 1994, All the specics were mainly
indigenous and subjected to the same treatment which involved the application of root hormone
chemicals. At predetermined intervals the Survival rale of these cutlings were recorded.
A large scale production of ~ secdlings by cutting on 2 species (Shorea talura and
Azad:mc Nita excelsa.) was ‘also carried out. |
“The scion for the cxperiment was cut to about 10 to 15 cm long and having belween one or
two leaves. The leaves were then trimmed Lo one-third or one-quarter of their original size for
the purpose of reducing the rate of evaporation. Hormones such as LB.A. (Indole butyric acid)
and S.E.R. (SEREDIX) were applicd to the Jower part of cach cutting to promote rooting.
Cutting for lhc'cx;kriment was taken from the shoot of scedtings in which were raised at the
Projcci nursery and.also from branches of mature indigcnous'forcsil trees in Chikus Forest
Reserve.. ' . o .
Cutling beds were pn,parul and placed in a gl‘m grwnhousc and also mmtuulcd in the
open. Cutling for Shorea talura (hrgu -scale, cxpunmms) was carried out in a specially
constructed airtight turinel shape cncloxum (refer lo Photo. -NS54), '
b} Result and Consideration.

Results are shown in Table-N35, 36,37,38,39.
Table-N 35 l-,xperlmenls on cuttings (1)

Speuc - Number | Surviving | Survival
of cutlings| cuttings rafe (%) |
Casvaring equisetifolia - - B 26 2 8
Cinnamonmum sp. 109 101 93
Dryobalanops aromatica 217 8 4
Mesua ferrea ; UE] 14 14
Pometia sp. : o 108 ] |
Shorea leprosula . : 4594 is 8
Shorea parvifelia = o138 2 1
Dipterocarpis corntius : .41 0 0
i i'plf:'acarp_us'ri’inims C : Y :0 0
Gonystylus dffine R 66 0 0
tnisia palembanica ' 31 0 0
Koompassia malaccensis 157 0 0
NPataguium sp. : 11 0 0
Shorea marroprcra 34| 0 0
Total 1,679 163|

Note : This experiment was carried out on March 2 - 3, 1993..
Surviving culling were examined on May 14, 199'5
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AH cultmg wcru treated wuh [BA { B- mdol Acetic Ac:d)

'l‘able-N_I!E Experiment Cutting ( 1)

Photo.-N51 Cutlmg Cinnamomauni sp use(l in the etperlment
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No. 1
Glass house -
Species IBA " NAA RUT SER CON :

. ‘ | Total Live |Total] TLive {Tofal] [ive |Total]  Tave | Total] Tive
Shorea leprostla ' 100] 16(16%) i 80]11(14%)
Shorea ovata 100| S(5%) (| C20] ¥ 5%)

Shorea macraptery ; 180]48(27%) :
Shorea pavciflora _ 122 14012%) | - 60]12(20%) GO|16(279%)] 60| 17(28%)
Shorea telira SO[47(94%)|  50|49(98%)| 100]94(94%) : 50]49(98%)
Sharea bracteolata 80153(66%) | S0[36(72%)| 100]20020%)| 33| 6(18%) 501 §3(26%)
Shorea aciavinata s0| 5(10%)| 100| S(5%) | 100]|70(70%) 50 0(0%)
Neobalanopus heimii 60 712%)y|  60] 8(13%)| 6O|I0(17%)| © 60(10(17%)| 6O 1)(17%)
Dryobalanops dromatica 60| {0%) | 60} S( 8%)| 60):3(3%)| 601 (0% | 60| 1(2%)
Hratsier !mhmbmum 60(48(80%)|  60]53(88%)| 60[58(97%)| & 60l44(73%)| 60[46(779%)]
[ Total 460 165 802] 255 540 267 273 76 | 40 148
. (36%) (29%) @%) | | (8% (31%)
Table-N37  Experimentson cutting { I ) " No. 2
] ; s Opcn : . .
Species IBA NAA i ‘RUT SER - LCON
otal] _Live |Total] Eive [Total] Tive [Tolal] TLive |Tofal]  Live
Shorea leprosula 201 O 0%) 80} 0O 0%) '
Shorea ovata : 80| O 0%) 80| K 0%)
Shorea mmacroptera : 30| O 0%) ) S0 O 0%)
AShorea panciflora 60} 1{ 2%:) 60| O 0%) 60| K 0%) 60] 1(2%) .60 O(0%)
Shorea taliira 80)75¢949%) ) S0 6(12%_} _ : - 8] 0%)
Shorea bracteolora 80 90wy 60f 1(2%) | - ©S0| O 0%)
Shorea acininate : 8O 3(4%) | o 1 : F 80| o 0%)
:\.’('(}lﬂ:r'!trr:afirts heimii . 60| o 0%) 60] O( 0%) 60| O 0%) 60} 0%) 60 O 0%)
Dryobalaneps aromatica 00 M 5%) | . 60 O(0%) 60| O 0%) 60| O(0%) | © 60f O 0%)
Ntursia palembanica 60[32(53%)]  60]14(23%)] . 60 26(4‘!%) 60147(718%)| 60| 9(15%)
Total 4201 120 S10] 24 240' 240] 48 500 9
(29%) ( 5%} mwy{ | eow ( 2%)
Note: T hls experiment was carried out on July 12 - 13, 1994. :
~ Surviving cullings were examined on September 16, 1994.
. 1BA = B-indol Acetic Acid, NAA = Nafialen Acetic Acied
RUT = ( Nad } Ruton, SER = Seradix 4-indol 3 yllutyric Acid, CON = Water




Parenthesis indicate survival rate

The first cutting experiment which was done in March 1993 showed that Cirtnantonan sp.,
had the highest sarvival rate. While for dipterocarps species, the highest survival rate was
recorded for Shorea leprosiia which is only aboul 8 %. The sccond cutling experiment
{conducted in July 1994), resulted in an extremely high survival rate of Shorea talura using
IBA carried oul in both open air and in a glass house. The results of Intsia palembanica were
also favorable. Even having a low survival rate, Shorea bracteolata and Shorea pauciflora
showed a great potential.

Table-N38 Cutting experiment on Shorea talura in large-scale production

_ | Total SER _IBA
Number of cutling 1,720 1,560 160
Surviving culling 1,224 1,140 84
Survival rale 71 % 73 % 53 %

Note : This experiment was carried out on Aug. 10 1994.
Surviving cuttings were examined on Oct. 31, 1994,

‘fable-N39 Culting experiment on Azadrmchta excelsa in large- scab production

| Tow SER IBA
Number of cutting [ 913 430 483
Surviving culting 489 262 221
Survival rate 54 % 61 % 47 %

Note : This experiment was carricd out on Aug. 30, 1994 and Jan. 5,1995.
Survwmg cultings w cere examined on Apr. IO 1995. '

For large-scale cutling experiment, Shorea Ialura first 1mhc:mon of ﬂrowlh was nolul after
10 days, while almost all the cultings sprouted after 17 days. ihcu survival rate was more than
70 %. 1,000 of these cmtmg‘; were transplanted into pots and after | year 4 momhs the
average hc:ght of these cuumgs have reached 40 cm. The project hopes to continue observing
the root condition and probably later sludy the sullablhly for planting them in the field. In the
same experiment, cutting of Azadn(u hta excelsa which was alse treated with SER showed a
survival rate of more than 60 %.

Note : Until now, Slrmea talura reported as Shorea talura. Ilowcvcr Shorm talura was
mlslakc of Shorea talira as a result of lndenllf ication.”
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FPholo.-N52 Glass house for culting

Photo.-N53 Cutling bed in glass house

-air

bed in open

ing

*

Photo.-N54 Cuti
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