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'ABSTRACT
Gmelfna arborea Roxb.  is a forest tree species
naturally distributed in fhe tropical and subtropical

regions of Asia. Three seed sources were flown té Canada

s \

vkrom Muak-Lek (Thailand), Sabah and Perak (Malaysia).
J ' .

P

o

Gmel ina arborea is indigenous)tO‘Thiilana but is an exofic
in Sabah and Perak. The seed sources were used in a
germination test under{differént temperature treatments and
‘a seedling growth test ‘under difféTent light treaéments.*The
objectiyes were to determine the optimum temperature for
seed germination and light quality for seedling growth.

Nut sizes from the three sources were compared. The
Perak and Sabah sources wefé significantly larger than the
Thai source but the 'difference did not affect germination -
performance. The optimum constant temperature for
gerﬁination using eétracféd seeds was found to be about
30°C. No germination'was obtained at constant temperatpre
below 18°C:and seeds ekposed to temperatures above 41.5°C
were all dead after 14 days. No significant differenceé were
found in germination perfbrmance among sources from Perak,
Sabah - and Thailand.

There were no Significant differences in rooétghoot
ratios, root collar diameters, relative growth rates and het
assimilation rates among test.seedlings under different
light treatments over the 60-day period. Ne¥ertheless,

g \ indications of widening divergence were observed in all

"indices particularly after 48 days of growth. Significant'

iv
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differences were obtained at certain intervals in shoot
height, total dry wé1g?t and total leaf area among plants
under different light treatments. Among the five lamp
comblnatlons, the BSON light (3 sodium lamps wd?*most
suitable for seedllng growth up to 60 days. The SM6l llght

so/ﬁBm lamp, 1 mercury lamp and 6 1ncandescent bulbs),
gave rise to the poorest ébedllng grayth:ABoth Sabah and
Perak sources indicated similar growth performanées and also

produced larger overall seedlings than the Thai soutce.

‘
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1. INTRODUCTION

1.1 BACKGROUND OF Gmel ina arborea Roxb.
iy /

i.1;1 GENUS AND FAMILY  °

Gmel ina arborea Roxb. is a deciduous forest tree of
medium to lafge size. It belongs to the same family as feak
Tectona gPandis Linn., Verﬁenaceae..lt is sométimes regarded
as 'white teak' in India because of itsvciose resemblance in
wood properties to teak (Nagle 1936). Gmelina arborea has
common names like gamhar(Hindi), gumadi(Tamil),
Yemani(Burmese) and is sometimes :eférred to 'by ité genéric
name alone. The specific name for this species could either
be cited for Roxburghbor Linneaus (Greaves 1981). The genus
Gmelina is large and consists of about 45 species.and
subspecific taxa distributed naturally in tropicai td;

subtropical Asia.

1. 1.2 EC(;LOGY AND DISTRIBUTION

o Gmel ina arborea has a wide distribution found'naturélly
iﬁ Sri Lanka, India, Burma, Thailand, Vietnam and Southern
China (Troup 1921, Chung 1971). Corner (1952) stated
correctly that Gmelina arborea does not occur naturally in
Malaysia, Indonesia, the Philippines and Australia 'but
Rodger (1913) and Dassanayake and Fosberg (1980) reported
otherwise. In its natural range, the minimum air temperature

varies from -1°C to 16°C and the maximum temperature from



38°C to 48°C. Mean annual rainfall varies from 760 mm to
4500 mm (Streets 1962). This species has a strong preference
for moist, fertile, freely-drained soil and is shade
intolerant (Durant 1941). Compared with most other species
encountered in the natural forests,vit is a relatively
short-lived tree (30-50 years) and is usually found
colonizing ruderal areas (Greaves 1981). It is also.
intolerant of weed—competition,:especially’in early stages
of’development and on waterlogged-soil (Dawkin 1919, Durant
1941)}-Because of its ecological characteristics, Gme;ina
arborea isiseidom found growiug gregariously'in natural
forests7(Tﬁouo_1§21, Brandis 1972). In natural and mature
stands,f’t is most freguently found with an average girth of
2 meters and a clear bole of 9 meters (Rodger 1913).
Flowers are large, yelloJ and zygomorphlc and are borne

in term1nal racemlform thyrses-(lnflorescences) ‘The flower
is dloecous, one’ study suggested that self- pollination was {
unl1ke1y to occur naturally because of the floral structure
(Okoro '1978). Bowen and Eusebio (1982) studied controlled
cCross- polllnatlon on grafted clonal stock and were able to
produce full- 51zed fruits but did not test seed v1ab111ty

In another study of polllnatlon and breed1ng systems of-
cultivated Gmellna arborea in Costa Rica, the species was
found to be Self-lncompatlble (Bolstad and Bawa 1982) .
Flowerlng beglns early, from age 3 to 7 depend1ng on site

and weather conditions. For mature trees, flowering could ‘be

observed throughout the year but with certain peak seasons



which vary yearly depending on weather conditions. Fruit

maturation occurs about 45 to 48 days after pollination

(Okoro 1978, Bowen and Eusebio 1982). )
~N /
1.1.3 USES AND POTENTIAL )

Gmel ina arborea has been introduced to at least 35
tropical and subtropical countries for plantation purposes

or on a trial basis (Greaves 1981). It grows rapidly and has

- .-

wide’gaaptabifity. This species waé planted in plantations
as early as in 1879 in Kaptai,lBanglédesh (Ghuznavi 1935)
and/also in uppef Burma together with teak‘(Dawkin 1919).
Early results were not véryvsuccéssful due to poor
management and pest prdblems (Allsop 1945).

Nevertheless, tﬁis species showed great potential and
was later introducea from Burma and India to many countries
outside its natural range including Malaya in 1§é0 (Dﬁraht
,194l, Pringle 1950). Other countries that have established
plantatiogs with this species include Nigeria, Philippines,
Malaysia,-fndia, Brazil, Malawi, Sierra Leoné, Ivory Coast |
and Indoﬁesia (Palmer 1973, Evans 1982). The Fbod and
Agriculture Organisationvof the United Nations is the major
body providing teéhnical és;wéll as scientific aid to most
of these countries'in'prohoting trials and plankation
. establishment (Bowen and Eusebio 1982).

In an eariy report on Gmelina arborea by Balfoure
(1970); the tree was reportedly found throughout India, Sri

Lanka and Burma but the wood was scarce and expensive



r-

because of its wide range of uses including medicinal. The
wood has aa average density of 481 kg/m? at 12% moisture}
dantent (Nagle 1936); It has a smooth finish, good
durability, high dimensional stability and has been used for
paﬁelling, poles, furniture and decking (Pearson and Brown
f932). The wood has been reported ta be strong ang does not
warp or crack under water (Gamble 1922 ,, Roxburgh 1832).

The wood has typical hard&ood fibre length and has been
tested and found suitable for phlping (Peh 1964, Palmér
1973, Chinte 1971). indeed; Gmel ina aﬁbobea has been used as
a source of raw material to supplement long-fibre material
in the Philippines since 1976 (Eleazar pers. comm., 1985), in
the Jari project, Brazil.since 1979 (Nordin and ﬁoLduc 1980)
and in Nigeria (Okoro 1984). The species had also been found
suitable for match-making and §enegr production (Nagle 1936,
Lee 1964) and for part@;leboard and plywood productién
(Nordin and Bolduc 1980). ‘

-Growth in the first 10 years is extremely rapid on
fairly fertile and mqist'sites. This potential has given
Gmel ina arborea an importan£ economic edge err many other
species. Greaves (197%) fepofted”that current annual
increﬁenf (CAI) culmijated between years é to 9 and mean
annual increment (MAI)\ between years 11 to 15. In the
Philippines, total yield was estimated to be 108 mQ/Ha with
a_ MAI of 36 m®/ha by year three (Chinte 1971). A study in
Malaysia showed that total yield was about 259 m’/ha between

years 7 to 9 and that MAI was between 28 and 35 m?/ha



xay

\ 5

(Freezaillah & Sandrasegaran 1966). In Sierra Leone,
Fox(1967) suggasted that Gmel ina arborea éobld reach 165 cm
girthwin 15 years and between 180 cm and 210 cm in 20 or
more‘years. The average height growth reported at Jari,
Brazil at 6-7 years was 22 meters‘and at 10 years it was
close' to 30 meters tall (Kalish 1979) THe rapid growth of

Gmelina arborea makes it possible to grow and manage it on a

rotation of 10 to 15 years.

There is littlé problem with seed supply in this
species\because fruitiag is regular and abundant. Fruit
production begins at different ages éepending on sites and
climate. In the Philippines, fruit production,begins at age»
3 (Chinte 1971), at age 5 in Jari, Brazil (Wodssner and
McNabb "1979) and at age 7 in Nigéria (Pringle 1950). In

Brazil, mature fruits are prodgced for a period of nine

months in a year but peak prodﬁction is in January and

February (Woessner and McNabb 1979;.'ImfPerak, Malaysia,
fruit production may be found throughout the year but peak
production is in January (Yap and Wong'1983).»1n Nigeria and
Sabah it was feportad‘that'there are two peak fruit
production seasons which vary with weather conditioﬁs (Okoro

1978, Bowen and Eusebio 1983).



The fruit is .a drupe consistihg of a hard stony

. endocarp encloséd by a fleshyamesgcarp and a leéthery
exocarp. Processing involyeg depulping, cleaning and drying.
The depulped fruit is a stone(nut) containing 1 to 4 seeds.

depending on source (Bowen and ﬁﬁsebi5‘1982). Procgssed

§tones with 8-10% moi§ture content can be stored well at 5°C
for 1 to 2 years Qithbut losing significaﬁf seed viabiiity

' (Yap and Wong 1983). BZSFET (1983) cléssified szlvna

Cy .
arborea seeds as orthodox bedause' they could be itored {or

many years at low temperatures. Seedlings are eay to handle

in nurseries and are not sensitive to trahsplanj*y
. . . ' L;"'_)' s
planting can be carried out using regular seedlind
seedlings or stem cuttings (Kalish 1979,

'{§82, Darus 1984).



1.2 OBJECTIVES ‘OF STUDIES

The first part of this thesis is. devoted to an
4investiga£ion of the germination of Gmelina arborea seeds
under different temperatures. Constant temperatures were
used because the germination chamber was only capablé of
producing constant temperaturesvduring each testing. The
second part is’devoted to an investigation of seedling
growth under‘different light'qualities. These two areas of
study were initiated because there were limitéd research and

information on them (Greaves 1981).

fhe objectives of the study on germinétion were:

1. To defermine whether seed and nut sizes affect

germination performance.

2. (To determine the optimum and fange of constant .
‘temperatures pndér which Gmelina arborea seeds can
,ge‘rminate.‘~ |

3. To determine whether there.is‘any‘diffeféncé in

germinatiotherformance among seed sources from Sabah

" and Perak in Malaysia and Muak Lek in Thailand.

’

et
The objectives of the study on seedling growth under

" different light qualities were:

1. To determine the effects of different light qualities on
seedling growth,
\ .

2. To determihe the light quality most suitable for

seedling production for outplanting.
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3. To determine if there is any difference in growth

performance among the sources from Sabah, Perak and

Thailand.

Both studies in this thesis should provide useful
information for seed germination and production of better
seedlings than what is possible today by using only common
sense and local experience . This information shogld help to
make it possible to bé more efficient in the use éf
available seed resources. It should also make it possible to
design specific treatments and growing conditions suitable
for the production of stocks for variable outplanting sites

in term of soil conditions and air temperatures.

<

’
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2.1 GERMINATION OF Gmel ina arborea

2.1,1 THE FRUIT, NUT AND SEED

The success of a reforestation program depends on mény
factors of which seedling production is a vital one.
Seedlings which have high vigor and a good potential to grow
and establish quickiy are desired in plantagion
establishment. The production of 'desired' seedlings is very
muchldependent on the quality of seeds and the conditions
under which the seeds are collected, cleaned, d:ied and
stored. It alsé depends on the conditions of germination and
the developmentkof the seedlings before outplanting.

The size of Gmelina arborea fruit varies within and
among trees. The fruit is rounded and the average diameter
ranges from 2.0 to 2.5 cm in diameter (Greaves 1981).
Immature fruits are green in color, turn yellowish on
maturing and eventually turn from brown to black prior to
fermentation (Aminuddin and Zaka;ia’1980). The stony
endocarp with seeds enclosed is called the 'nut' in this
thesis. Each nut is ovoid in shape and has 4 chambers. Each
chamber may or ﬁéy not contain a seed. The chambers are
'located on the lateral sides of the nut and each chamber has
a protective flap which opeﬁs and drops off during seed
germination and emergence. The seed is ovoid in ;hape and

flattened. Table 1 shows the average size of nuts and seeds
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from plantations in Sabah' from a variety of provenances. The
data show that larger nuts tend to produce larger seedg.
Figure 1 illustrates the cross-section of the fruit and nut
structure-of Gmelina arborea. Each nut has four flaps oh the
sides and a vertical cavity in the centre.

Table 1. Mean dimensions of nut and seed of Gmelina arborea

planted in Sabah from different origins
(Source: Bowen 1980).

Provenance " Nut Nut Seed Seed
Length Diameter Length Width

(mm) (mm) (mm) (mm)

Philippines 16.6 9.7 7.5 3.8
Bangladesh 18.1 12.3 9.3 5.3
ngerla(51buga) 15.8 8.6 6.5 3.3
Nigeria(Enugu) 16.4 *- 10.4 " 8.4 4.2

. )

Germination percentage of Gmel ina arborea varies from
oné source to another. One factor which determines the
percentage is the number of seeds per nut (Table 2). The
results show that there is a wide variation in t%e mean .
nhmber,of seeds per nut. Sources froh India had alhost,SO%
empty nuts compared to 20% from Nigerian sources (Omoyiola
1974). The highest average seed yield per nut, obtained from
a Nigerian source (location not mentioned), was 2.7 seeds
(Bowen 1980). AMEysources suggest that nuts commonly contain
one or more seeds per nut. Reasons for why seed production
per nut is so low have apparently not been studied but yield
depends on both environmental and genetic factors. With

equitable environments and select sources, seed yields can
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« (Bolstad and Bawa 1982),
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. be increased significantly over native or introduced s
j )
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populations. Because Gmelina arborea is self-incompatible-

©

cross—fertility is necessary for

seed product%on“and_piantation spacing may be an important

ﬁactor'to

Thailand.

%

&
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control, Fruits are nommonly eaten by cattle in

Digtribution of seeds per'- nut (percent) and mean‘
\ number of seeds ,per nut from various sources of
Gmellna arbonea.' :

. N6. . Sour

'Dist. of Seeds/Nut Seeds/Nut

r.Philippines) - « - - -

ces
- 0
Perak, Malays1a- ' 0
Jari, Brazil . -0
.Nigeria(Arboretum) 18.8
' Nigeria(Cpt.1294) 18.9
India(And.Pradesh) 60.5
India(Dehra Dun) 57.6
* Sabah(f
Sabah(fr.Bangladesh) -
Sabah(fr. ngerla) -
0 Nigeria : : : -
1.Bangladésh ‘ -
2

‘Gambla

L f/ - -, M

1 2 3 4  Means
23:2 44.0 20.4 12.4 2.2
'31.0 43.0 20.0 6.0 2.0
464 15.3- 16.7 2.8 1.4
48.6- 17.6 14,2 0.7 . 1.3
23.8 "14.1 1,6 0 0.6
41.4 0.5 0.5 0 0.4
- 1.6.
- - - - 1.5
- - - - 1.6
- - - - 2.7
- - - - 1.3
- = - - 2.1

(Sources:

1:Yap and Wong 1983,

3-6: Omoylola 1974,

& !

2:Woe§sner-and McNabb 1979,

'7 12:Bowen 1980.)
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Figure 1. Cross section of Gmelina arborea Roxb.
fruit and structure of nut.
(Drawing- by L.H. Ng)
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2.1.2 GERMINATION OF NUT‘AN'D SEED -

The germinatidn process 1s influenced by a numbgr of
interhal and external factors. Light, temperature, oxygen
and water aré‘among the, moSt iﬁportant exfernal factors
governing germination rate. These factors initiate a series
of morphologiéal changes that tfanéform an embryo(seed) into
a seedliﬁg. In short, the‘proce55~df germinatioh may be
divided into five series of events: i) imbibition of water;
ii) hydration and biochemical activation; iii) cell division
aﬁd cell extension; iv) emergence of embryo‘frqm the seed;
- and Y) the  completion of.nonrépetitive morphogehesis—the
estéblishment of the primqry body (Berlyn 1972). Gerﬁination
studies oﬁ Gmel ina arborea are few and limited. Most studies
: Qere carried out to determine the best stége for fruit
collection, the best nut size to use, the drying temperatUre-
and the storage condition. No one appears to have studied
light, tempefature or water tension effects oﬁ rates‘of
germination or total germination (Greaves 1981).

The humber of seeds per nug\and the size of seeds have
economic and physiologic importance. Wbessnef and McNabb
(1979) and. Okoro (1984) showed that larger size‘nuts |
contained more seeds than smaller ones (Table 3). This is
probably dﬁe to more favorable conditions where larger size
nuts are produced which sUbéequentlyvallow more seeds to |
develop. The results also show fhét larger nuts tend té
produce more germinants probably’beéause of the higﬁer

number of ‘seeds pef nut as well as having larger seeds.

¢
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Table 3. Number of seeds per nut and germination (peféent)
by nut size classes for Gmelina arborea.

No. Class - Mean wt. Mean no. Germination Germination
per nut (g) seed/nut (Total%)' (Actual%)?

1 Large 1.367 2.2 117 '53

2 Medium 1.073 1.7 40 - 24

3 Small - 0.791 © 1.2 228 23

4 Large -~ 1.379 .- 111 ‘ -

5 Med.large 0.840 - 98 - -

6 Med.small 0.582 - ' 87 -

7 Small 0.442 - 84 -
(Sources: '-3:0koro 1984, 4-7:Woessner and McNabb 1979)
('Total ¢ “al germinants divided by no..of nuts)

(*Actual stal germinants divided by actual no. of seeds)

Fruit maturity also affects germination percentaée. It
has been shown that seeds from gr?en to feilow‘fruits
-germinated best and seeds from brown to blaék fruits
germinéted poorly (Woessner gnd McNabb'i979,'Aminuddin'and
Zzakaria 1980, .Bowen 1980). As gﬁe fruit.fipens, the thick
fleﬁhy mesoéarp‘laier starts to‘rot, probabiy a fermentation
process. Nb one appears to have studied how the changés
deterioragé the quality and viability of the seeds in the
nuts. Wasuwanich (1984) showed' that depulped fruits (without
mesocarp Or exocarp layer) produded seeds with much higher
total germination than did fruits which were not depqlped
regardless of fruit condition. Table 4 shows the results of
germination percentage for seed from differenf stages of
fruit maturation as indicated by .fruit ca@lor. It is |
suspectéd that by the time the frﬁﬁ@%_turn black on the

" -ground, they have already exberienced many houfs of +50°C -

and.certainly‘longer exposure than the yellow or green
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fruits (Hellum pers. comm. 1985). Such high'femperaturé
exposure and duration are detrimental to seed quality and
this subseqﬁently reduces germinatioh. The build-up of heat
is probably dﬁe'to'theffermentation process and the greater
absorption of heat from the sun by the black color of the |
fruits.

Table 4. Germination of Gmelina arborea .
from fruits collected from the ground.

Color (a)Germination % (b)Germination %
Green 91.6 , - 93
Yellow-green 94,6 118
Yellow , 91.9 : 122
Brown : 52.6 _ - 88
Brown-black - 48

. (Sources: (a)Aminuddin and Zakaria 1980,
’ (b)Woessner and McNabb 1979)

In a study of storage and its relationship to
germination pe(E%Qt, Woessner and McNabb (1979) found that
nuts kept at 5 to 10% relative humidity at 5°C only loét
ﬁabout 5 percent of their‘germinatidn for every 12 months up
to two years. In another repbrt,«germination dropped by 10
'to 50% for four batches of nuts when stored at 10% méisture
content éhd at 4 to 8°C over a 12 month period (Yap and wong
1983). Fruits colfected and kept in plastic or gunny bags
produced almost no germination after 4 to 8 da§s>(Wasuwaniéh
1984). In a study of drying conditions, nuts dried at 50 to
60°C over a period of 4 hours to about 10% moisture content

yielded a germination percent of about 90% (Woessner and

McNabb 1979). Bowen (1980) used warm air at 45°C for 17
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hours to reduce moisturé content to about 8 percent for best
germination, In fact drying before seeding was. recommended

to obtain best germination (Wasuwanich 1984). It appears

A

that seed viability depends gréat_ly on temperature and;&
duration of exposure. To maintain high viability of seeds,
processed nuts must be étored at low temperatures (between 0
to 5°C) and at moisﬁure contents less than 10%. |

Some seeds also require after-ripening périod £o
gérminatelﬁéll or éome kind of pre-treatment to stimulate or
promote germination. It was‘found-in one study that soaking““
at 25°C for 17 hours fol}owed by drying at 45°C for 7 hours
'yielded about 88 percent‘germinatipn (Bowen 1980). The
moisture content after drying for 7 hours was not -
determined. In the same study by Bbwen (1980) and that of
Wasu;anich (1984), stored nuts were also found to produce
more germinaﬁts than fresh nufs. But Yap and thé (1983) and
Darus (1984) found that freshly collected and cleaned nuts
gave rise to better results compared 'to stored nuts. Results
are not consistent as t? whether stored or freshly p;ocessed.
nuts produce more germiﬁants. '

Temperature is an . important factor influencihg seed
éermination be;ausé it affects its biochemical activities.
The abIlity of seeas to respond to a wide range of
temperatUrés will very much influence the aistribution and
survival of that species in nature (Thompson 1970 and 1972,

. Koller 1972, Townsend and McGinﬁies 1972 ). The temperature

» !
'~ factor in seed germination may be viewed as i) high
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temperature reguirement; ii) low temperature or cold
stratification and iii) alternating temperature requirement
A(Mayer and Poljakoff-Mayber 1975). Most seeds of the
temperate zones'reguire some cold stratification before they
are able to germinate (Wwang 1978, Adkin et al. 1984, Baskin
and Baskin 19845 but cold stratification generally is not
useful for tropical tree seed. Some temperate species do not
require such treatment (Hellum 1968) depending, apparently,
on the level of seed maturity at the .time of testing. The
effect of stratification on Gmelina arborea is not known as
no one/ 3ppears to have done any work on it. Presumably, in
the tropics where temperature is always high and fairly
constant all year ‘round, there is little if any need for
cold stratification of seeds before germination can proceed.
However, tropical tree seeds of many spec1es develop
severe dormancy by the\time the seeds arelripe on the tree
(Hellum and Wasuwanich 1984). In some cases, it has been
suggested that alternating temperatures promote best
germination (Mayer and Poljakoff Mayber 1975, Thompson et
al. 1977). The need’for such alternating temperatures in
germination testing would very likely depend on the .
.ecolo%ical niche where the speciesigrows. Pioneer $pecies,
.like Gmel ina arborea, could be expected to respond as well
as or better to alternating rather than constant diurnal‘
temperatures. Species close to climatir climax could be
expected to germinate best under nearly constant diurnal

temperature.



2.2 EFFECTS OF LIGHT QUALITY ON PLANT GROWTH

5.2.1 LIGHT AND PLANT GROWTH

Among the environmental factors, light is amohg the
most 1mportant determinants of growth and development in
plants. It is the fundamental source "of energy~that drives
all vitalblife processes on earth. Plants are autrotrpphs
whloh utilise the radiant energy from the sun for the
perUCtlon of specific organic compounds whHich in turn
undergo a cycling process in the ecosystem. Light is the
visible portion ot the electromagnetic spectrum which ranges
approxlmately from 400 to 700 nanometers (Smith and Morgan h
1981). The sensitivity curve for plants has 1ts peak in the
"red (660 nm) and blue (450 nm) reglons (Fukshansky 1981,
Anon.1982). Far-red radiation (730 nm) which is outside the,
visible range, also has a strong 1nfluence on plant growthy
and development (Kendrick and Frankland 1976, Smith l97§?.
When radlant energy 1nteracts w1th matter, such as a leaf

surface, it acts as though it were composed of small packets

of energy called photons. Each photon contalns energy egual

to Plarnck's (unlversal) constant (6. 626x10'“‘ J. s~ ') times
the velocity of light (3x10'°cm. “) d1v1ded by the
wavelength.

The phenotype of a tree is determined by its génetic
make-up and the environment. The genetic factors set limits
to variation in plant growth within these llmltS, the

enylronmental factors determlne the formatlve
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characterlstlcs of the plant. Among environmental factors,
light is an important factor. Light drives photosynthesis,
photomorphogenesis and photoperiodism. These processes
depend on light quantity (photosynthetic photon flux
density), light gquality (spectral composition) and light
duration (Leopold and Kriedeman 1975, Kendrick and Frankland
1976, Smith 1982).

Photoperiod in the tropicé, bepween the tropics of
Cancer and Capricorn, is nearly constant all year round. But
in the temperate regions, photoperiod 1s an important
triggerin§ factor controlling dormancy and growth. As such,
plants maximise growth and photosynthesis when environmental
‘conditions are favorable and enter fuil—dormancy or
semi-dormancy at otﬁer times. Very few studies of either the
ecology or the physiology of tropical species have been |
carried out in comparison to £emperate species (Mooney et
al.1980,'Whitmore 1980). In the case of Gmel ina arborea, no
studies have been reported on the effect of light on
seedling growth (Greaves 1981). |

Because there are few reports on the effects of lightﬁ
guality on wobdy perennials, annuals are also included in
_this brief review. Both annual and perennial species show
similar physiological responses toward light. They both
cogiéin chlbfophyll and photoreceptors which are able tb
percelve llght quality, quantlty and photoperlod Annual
plants complete their life-cycles in a few weeks or months

whereas perennial plants are capable of continuous growth
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for many years. As such, annual plants often have higher
growth rates than woody perennial plants because the latter
tend to allocate more of its photosyntates to wood formation
and strength rather than leaf and fruit development Growth
rates also vary w1th seasons of the year between annuals and

woody perenn1als.

'2.2.2 EFFECTS OF LIGHT QUALITY ON ANNUALS
-'Snoot neight and diameter are very much affected by

light quality.‘Early studies of light effects on plant-
growth were carried out u51ng incandescent tungsten fllament
bulbs. Under such light, plants usually produced thinner
shoots and longer internodes than those grown in unfiltered
daylight (Garner and Allard 1931). Arthur and Stewart (1935)
grew buckwheat (Fagopyrum esculentum Meench) under four
different light qualities and found that height growth wes'
greatest with mazda‘ﬂincandescent) lamps and least with’ |
mercury vapour -lamps. Mitchell (1937) and Withrow and
Withrow (1947) also showed that greatest stem growth‘was
obtained under inoandesbant llght but plants were spindly
and under high pressure carbonyarc lamps, plants were
shortest. Using red-biased, balanced and blue-biased light
’treatments on various species, Warrington and.Mitchell

(1976) found that shoot lengths were always greatest under
the red- blased and least under the blue-biased light. Blue
llght has also been shown to inhibit stem growth (Gaba and

Black 1983, Meijer 1971).
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Holmes et al. (1982) studied hypocotyl growth of
Sinapsis alba L. in relationship to light quality and
quantity. They found that hypocotyl elongation was promoted
when the ratio of far-red to red light increased. In a.
similar 'study, Lecharny a@? Jacques (1982) also showed that
internode elongation rate of Vigna sinensis L. was
stimulated when far-red light was added to white light. They

suggested that the stimulation was strictly depended on the

energy ratio of far-red to white light and the photoreceptor

involved was believed to be phytochrome.

Dry weight production differs under different light
treatments. Arthur and Harvil (1937) found that greatest dry
weight was obtained under sodium light and the least weight
wésvproduced under mercury licht ¢ ven egual energy inputs.
Stevenson and Dunn (1965) and Dunn and Went (1959) also
showed that red light producéd the greatest dry weight.
Using a combination of different lights on pea plants (Pisum
sat ivum L.), Kwack and Dunn (1966) found that greatest dry
weight was obtained;y{th»kbj plus blue light. Warrington and
Mitchell (1976) found that shoot dry weight under red-biased
light was at least twice as.great as that in plants under .
blue-biased light for all speéiés except ryegrass where the
differences were less pronounced. Dry weight distribution
between the shoot and root also differs under different
light treatments. Warrington and Mitchell (1976) found that

the root-shoot ratio was highest under blue-biased light and

lowest under the red-biased light.
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Relative growth rates (RGR) were almost 20 percent
lower under blue-biased light than under either the balanced
or red-biased light treLtments for all species except
ryegrass (Warrington and Mitchell 1976). This was probably

due to the effect of red light (sodium lamps) which promoted

wieaf expansion and greater carbon fixation. The
authors.also found that plants grown under red-biased light
produced higher amounts of carbohydrate than those grown
under blue-biased light. But under blTwe-biased light, planﬁs
produced more amino-acids and proteins. In another study,
Arthur and Harvil (1937) showed that plants grew well when
exposed continvously for two months to sodium vapour lamps
(more red light) but grééually started to degenerate. Such

- plants could be completely rejuvenated by two hours exposure
~each day to mercury vapour lamps (more blue light) when
applied along with continuous sodium lamps. It appears that
for proper and continuous growth, there is a need for both
red and blue light. Red light is necessary for
photosynthesis and leaf expansion whereas blue light is
needed for protein and enzyfe synthesis. An imbalance of
these two light qualities results in poor growth and

development.

»

2.2.3 EFFECTS OF LIGHT QUALITY ON PERENNIALS
Erez and Kadman-Zahavi (1972) used young peach plants
(Prunus persica L.) grown outdoors under three different

colored filters, two shade Ievels and a control to examine
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the effect of light onvplant behavior. The results showed
that red plus far-red light produced the strongest growth
activity'énd blue plus far-red light had a strong inhibitory
effect on growth. It was found that blue light and blue plus
far-red light acted antagonistically on apical dominance in
which the ggrmer produced a shorter seedling while the
latter produced a more erect, narrower and taller seedling.
Blue light inhibits apical growfh whereas far-red light
promotes it. Another study using orange seedlingé (Citrus
aurant ium L. ) showed that red plus far-red light produced
greatest height and leaf area growth. Height growth underl
blue plus far-red light was greater than blue light alone .
(Erﬁer et al. 1972). ) |

The effects of continuous light, of variable gualities,
on oak seedlings (Quercus robur L.) were examined by Axelson
et al. (1979). Morphological development was followed for 25
days. Resuits showed that under continuous white, blue and
red light, stem growth terminated after about 10 days by
formation of resting buds when seedlings were abgut 10 cm
tall. But plants under continuous far-red lighf (wavelength
qver 700nm) showed continuous stem growth without formation
of resting buds and the stem length was about 27 cm after 25
days. When far-red lighg‘w;s supplemented with short pulses
(5 min.) of red-light each day, leaf area was incregsed up
to 20 times. Morgan et al. (1983) examined the responses of
Pinus Padia?a D. undér different’proportions of metal halide

and tUngsten halogen lamps. Results showed Ehat a lower
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red:far—reé light ratiov(more of far-red light) markedly
increased shoot elongation and internode lengths. It was
suggested that the red:far-red ratio and phytochrome
photoequilibrium strongly influenced the photomorphogenesis
of the plants.

Us;ng'light filters to produce different light
qualities, Morikawa et. al. (19%6) showed that hypocotyl
growth increased with decreases in irradiance and remarkable
height growth was promoted by the effect of far-red light.

) Dry’weight increased with irradiance but was lowest under
blue light. For birch seedlings, di;ﬁeter growth and leaf
dry weigﬁ?‘wére greatest under red light and lowest under
blue light. Such methods of using light qhality to control
plant growth are useful in the tropics where irradiance and
photoperiod are almost constant all year round. A study was
carried out, on growth responses of a few tropical tree
species to light effects (Sasaki and Mori 1981). Results
showed that internode elongation of seedlings under forest
canopy shade was stimulated greatly and root growth was
restricted. This wgs probably due to the lower red to
far-red light ratio and also the lower light irradiance
under the candpy shade. When seedlings were grown under
artificial shade in the nursery, best growth for shoots was
with 30 to 50% of full sunlight and best growth for roots
was under 50 to 60% of full sunlight. Thus, controlling
shading-in the nursery can prdoduce light conditions 6ptimal

for plant growth. The authors also foundothat shoot-root

&
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"ratios increased with a decline in light intensity. BUAR
Perennials show slmilar formative responses to'those of

annuals under different lignt qualities. Both specles
produce smaller,root—collar>diameters and longer internodes
under lower red:far-red llght ratios., Blue l1ght has an '
1nh1%&tory effect oh aplcal growth and tends to produce
shorter plants. Red llght promotes rapid leaf expan51on and.

,also produces the hlghest dry we1ght Thesresults show that
light quallty‘has a strong 1nfluenceuon the mOrphological

'and'physiological development of7plants. It affects
photosynthétlc rate, carbohydrate and proteln synthe51s,
carbon dlstrlbutlon in the plant and growth rates of -

| d1fferent plant components. ThusJ-photomorphogene51s
utYlizes light'qualities to;'tiidder' or 1n1t1ate reactions
that control gr%@th development and d1ffement1at1on. The
plgment, phytochrome, is the photoreceptor which medlates

AJthe photocontrol of plant developmernt. Phytochrome; under

’ different-light qualities initiates physiological responses
/by regulat1ng membrane permeability, gene act1v1ty, enzyme
'and normonal levels (Kendrick and Frankland. 1978, smith
]975).»Since,plants respond differently'uﬁd@f*differing
“light quallty, they could be 1nduced to produce ‘and develop
certaln characterlstlcs Wthh are de51rable for outplantlng

purposes ‘ ' S
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\zﬁfzﬂ PERENNIAL SEEDLING CHARACTERISTICS

“In forestry practice, the main function of a nursery is

to produce seedllngs of high quality for field planting.

FﬁSaedl1ngs cah be treated under optlmum condltons of light,
Aﬁtemperature, water and f;rtlllzatlon in the nursery but are
~exposed to prevailing environmental conditions in the fleld
Thus ‘to deflne 'hlgh quallty depends on how well the
seedlings can survive and grow:under fleld conditions.
Duryea (19é4) defioed'a seedling as having highrquality if
it meets the éxpectation or standards of performance on a
partioulér planting sire. Such seedlings must be able to
withstand environmental stresses and also to grow rapidly
after having'béen°outplanted. Uoder tropical conditéon,'high
déily temporétures can_caus§ seedling mortality through high
evapotranspiration. Thus, rapid seealing‘establiéhment;in
the field is very importaotrbecaose it leads tg7best
survival and growth. | -

. The morphological features for a high QUality seedling
1nclude a hlgh root to shoot rq;lo (dry weight ba51s) and a
h1gh root- collar dlameter. A high root to shoot ratio
indicates higher root volume and méssr This is necessary to
epsore greater water uptake during the early and critical
stage of establishment,éfter outplantiné. Adequare"water
uptake.is'important'for overall growth and subséquently
alloﬁs.the seedling to grow ro ¢dly. Higher survival and

- height growth were obtaioed fo, Douglas-fir (Pseudotsuga

N

menziesii (Mirb.) Franco var. glauca (Beissn.) Franco and

%
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menziesii (Mirb.)"Franco), ponderosa pine (Pinus ponderosa
Laws.), and jackpine (Pinus banksiana Lamb.) seedliqgs with
~larger root to shoot ratios (Lopushinsky and Beébe’1976,
Hermann 1964, Carlson 1972).
Large root-collar diaméters indicate sturdier plants

which may be more resistant to smothering under field
vconditions. Larger root:éollar diametersvhave been reporteé///,///
to produce better outplanting success (Anstey 1971 | -
‘Chavesse 1977 and Pawsey 1972). Shoot height at time of
‘planting is sometimes considered an indicator of stock
quality. Field survival may be poéitively correlated to
~height of seedling at time of planting (Richtgr'1971) but it
vmay aiso be the ;everse (Hermann 1964, Lopushinsky aﬁd Beebe
‘1976).‘Smith and Walters (1965) reported that survival was
highest with intermediate shoot height for Douglas-fir.

.Seedlings with rapid height growth are generally preferred

because of their competitive advantage ‘against weeds.



3. METHODS AND MATERIALS -
\J\
. /
3.1 SEED SOURCES

‘Three seed sources collected from two States (Perak ahd
Sabah) in Malaysia and from Muak Lek in Thailand were flown
to Edmonton. Only Qfocessed nuts (with pulp removed), as
‘illustrated in Figure 1 were studied. Their respective
gedgraphic locations and climatic diagrams are shown in
Table 5 and Figure 2. On arrival, the nuts were stored in a
ref;igerator‘at about 5°C. The Malaysian sources were
collected from plantatlon stands and the Thai source came
Ffrom a native stand. The number of trees represented for the
Malaysian sources is not known»but the nuts from Thailand
came from 15.hative trees.The spacing among trees and
histbry.of the Thai stand is not available. The selection,
collection and processing methods of‘fhe fruits and nu;é

followed local custom and were. beyond the“control of the

author. Gmel ina anOPea is indigenous to Thailand and exotlc :

to Perak and . Sabah. The Perak source was 1ntroduced from
Burma ;n 1920 (Durant 1941) and the Sabah s'e came from
Nigeria (where it also was exotic). The origim of the |
Nigerian source is uncertain andv§3§ have come from Burma or

Northern India (Pringle 1950).
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Figure 2. Climatic dlagrams of locations where seed:
sources were obtained (Walter et al. 1975).

The labels denote: a=station; b=altitude above sea level;
‘c=mean annual temperatures; d=mean annual rainfall; e= =curve
of monthly temperatures; f=curve of monthly ralnfall
g=season of relative drought (hatched shading); h=season

of relative humidity-(vertical shading); i=mean. monthly
rainfall over 100 mm (scale reduced to 1/10, shaded black).
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Table 5. Geographic locatlonssof seed sources

from Sandakan (Sabah}, K. Kangsar (Perak)
and Muak Lek (Thalland).

Sources - Latitude Longtitude Altitude (m)
1. Sabah , 4° 57'N ~118° 13'E 36
2. Perak . 6° 0O5'N : 100° 46'E 70
3. Thailand 14° 40'N 101° 20'E 240

(Sources: 1-2; Walter et al. 1975, 3: Wasuwanich 1984 )

3.2 SEED AND NUT SIZES

To determine the average size of each nut, twenty nuts
rwere taken at random from each source. The length and
‘maximum diameter for each nut were measured. As for seed
size determﬁnation, 20 seeds (extracted from nuts) were
taken from each source at random. Due to the fragilednature
of the seeds and their small size, individual seeds were not
measured. Tﬁe mean length and width of freshy extracted
seeds were determlned by measuring the 20 seeds together
side by 51de (lengthwise and widthwise). Measurements were
”made to the nearest millimeter.»For bothbnut and, seed sizes,
four replicates of each Source were measured.

A germination test was carried out to determlne the
average number of germinants produced per nut from each-
source. One hufdred nuts from each source were sown in moist
peat moss to a éepth of about 0.5 cm u51ng plastlc
germination trays (w1thout 1lid) which were placed in a
Conv1ron ‘seed germlnator Daylength was. 12 hours long and

the germinator was malntalned at a constant temperature of

30°C . Total ‘'number of germlnants per nut were counted after

N
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21 days for each source. Each germinant was counted when the

first pair of foliage leaves had emerged,

3.3 SEED GERMINATION AND TEMPERATURE

1

In this study, extracted seeds were used to determine

the effects of temperature on germination. Sufficient nuts

‘were cracked open by hand using pliers to release the seeds.

The extracted seeds from the three squrces were X-rayed

seperately using a cabinet X-ray machine (Model M110NH, TF1

Corp. CT) at 14 KV and 5 mA for 15 seconds at a,distance of

about 47 cm from the light source. By examining the X-ray

negative, seeds with incomplete cotyledon or embryo
development and with internal damage (probably arlslng
during extractlon) were excluded from the experlment as
suggested by Muller et al. (1956). Twenty seeds from each
sogrce were used in each of the five tenperature treatments
(see Table 6). The_experiment was repiicated four times .
using a 'temperature—gradient-bar' (TGB) chamber designed by
Hellum (pers comm. 1983). The five temperatures tested were
19@C, 24°C, 30°C, 36°C and 45°C +1°C. The temperature at
each point.was measured with a liquid mercury thermometer

under normal room condition

The TGB chamber is roughly rectangular in shape (30cm x

80cn? x 90cm) w1th a w1ndow on top. Across 'in-one direction

‘é‘? . .
are four parallel-flat_copper bars seperated from each other

by about 7. 5 cm . .One end of the bar is connected to a

jheatlng dev1ce and the other end is connected to a coollng
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unit. Both.ends are thermostatically controlled. This system
allows the production of the same rangebof‘temperatures‘
along the four bars simultaneously. Each bar has a,surface
area of 10cm x 74cm . Seeds were placed on'kimpaqk as a :
germinating medium over the top surface area of’the copper
bar at various predetermihéd points.~Botﬁ ends of the
kimpack were ektendgd to a commoﬁ poolwa wafef.beldw’for
Vwater uptake. Each sample of 20 seeds was“covered with a
clear, square plastic pétri dish (9cm x 9cm$ durjng.'
germination. Seeds with radiclé grbwth'equal‘to'or’gréater
than the length of cotyledons werelcouhtea’és gefmiqated.A5
The gefminated seeds were discarded progressiVely'after
being counted. Germination was counted'daiiy Qver~afpefiod
of 14 days. A Sgcond test to determine‘iethal’temperatureS‘
for germination was carried out using only‘the Sabah seed
source because there were insufficient Perak and Thai seeds.
The same number of seeds and replications was used but the
temperatures were 38°C, 41°C, 46°C and 52°C.

‘Table 6. Design of seed germination experiment
with five temperature treatments.

Temperatures
Sources 19°C 24°C 30°C 36°C 45°C
Sabah 20x4  20x4 - 20x4  20x4  20x4
Perak 20x4 20x4 20x4 20x4 20x4
Thailand 20x4 20x4 20x4 20x4 20x4

(20x4: 20 seeds x 4 replicates)
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3:4 SEEDLiNG GROWTH EXPERIMENT

The experiment was set up with a split-split plot
design. Three walk—in’controlled environment chambers (U. of
A. Phytetron), each measures about 4m x 8m x 8m were used as
thfée repiicates. These chambers were located in the
Department of Botany, University of Alberta. In each
chamber, five compartments were constructed‘abové the bench
(180cm x 520cm) using pefforéted hardboard painted white as
dividers. Within each compartment, different lamp
combinations were set'up on the frame above toiprovide a
range of light qualities. Table 7 shoﬁs the five light
treatments each having a different‘lamp c6mbinations with
their irradiances. The five lamp combinations were randomly

‘allocated among the five compartments within each chamber.

Table 7. Lamp combinations and irradiances
of the five light treatments

No. Lamp combinations : Codes PPFD
' pmol m-2g-' -
1. 3 units SON 3SON 462
2. 2 units SON + 1 unit HPI 2S 1H 420
3. 1 unit SON + 1 unit HPI + 6 units INC. SM6I 356
4, 2 units HPI + 1 unit SON 2M18 394
5. 3 units HPI ' 3MeH 374

¢

SON: High Pressure Sodium Lamp 400W (SON/T Philips G/92/2)
HPI: High Pressure Metal Halide 400W (HPI/T Philips G/92/2)
INC.:Incandescent Bulb 150W (Sylvania)

Within each- light treatment, the three sources were
each reﬁfesented by 60 seedlings (Table 8). The growth

chambers were maintained with a photoperiod of 10 hour days
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at 28+2°C and 14 hour nights at'2612°c. Ten hours were
assumed to provide tha effective photaperiod under tropical
condition. Relative humidity was maintained throughout at
75+5%; it was checked at intervals with a dewpoint
\ hjg;qmeter (Model 880.EG&G Int: Inc.). Due to the different
.radiaag effiaiencies of the various lamps and the fixed lamp.
frame, equal photosynthetlc photon flux den51ty (PPFD) for
each compartment could not be obtained. Differences in PPFD
among. the five light treatments were minimized by raising
thévpiants under the SM6I and 3MeH treatments. The spectral
diatributipn and'photon flux density were measured with a
spectraradiometer (Model Lﬁ—]BOO Li-Cor fhc.).

Table 8. Design of the seedling growth experiment
under five llght treatments.

Light Treatments

Sources . 3SON 25 1M SM61 2M1S 3MeH
Sabah " 4%5x3 4x5X3 4x5x3 4x5x% 3 4x5x3
Perak : 4x5x3 4x5x3 4x5x3 - 4x5x3 4x5x3
Thailand 4x5x3 4x5x3 4x5x3 4x5x3 4x5x3

(4x5x3: 4 seedlings x 5 harvests x 3 replicates)

Séedlings for_thé exﬁeriﬁent were grown-ffom nuts in
moist’peat-moss in a Conviron seed germinatbr until the
vemergence of the first pair of foliage leaves Seedlings
were carefully washed and Seperated to minimise root damage.
Thls took about 12 days and the seedlings were then about 4
'cm tall Seedlings of comparable height and size were
selected.from the three sources and transplanted intq

containers called Super-45 each measuring about 5cm X 6.3cm
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x"22.5cm (Spencer-Lamaire Indus.‘Ltd.). Super-45 was found
to be sufficiently large in a preliminary trial for root
growth, The Super-45 containers were designed to fit into a
metal tray which could hold a total of 27 containers.
However, transplafiting was done alternately in the
containers and each tray had only .12 seedlings (4 seedlings
X 3.50ufces). This allowed sufficient space for’lateral
growth of the crown of the test‘seedlings. The soil used was
premixed and is called Cornell mixture (Hanan et al. 1978)

(Table 9).

Table 9. Cornell Mixture Formula.

1. 6 cu.ft. peat moss

2. 6 cu.ft. vermiculite

3. 3 kg. limestone powder :

4. 3,2 kgt ' 14:14:14: osmocote fertilizer
5. 2 cups(10 ml.) soil moistening agent

6. 18 gallons water

7. 20 gm, fritted trace elements

(Source: Hanan et al. 1978)

Seedlings were exposed to the five light treatments for
a maximum duration of 60 days. At intervals of 12 days, 4
seedlings were harvested from each source under each ligHt
treatment. Using destructive techniques, the following

measurements were made at each harvest:

1. Stem height (cm)
2.  Root collar diameter (mm)
3. Leaf area (cm?)

4. Dry weight of leaves (mg)
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5. Dry weight of stems (mg)

6. Dry weight of roots (mg)

\

Stem height was measured with a ruler from tﬁe foot
collar zone to the shoot tip. Root collar diameter was
measured with a dial thickness gauge (Fowler Co.) at the
root collar zone. Leaf’afea was measuréd using a leaf area
meter (Model 3100 Li-Cor Inc.). Plant parts were weighed
after drying at 95°C for 24 hours in a convection oven
(Napco M420). The drying condition was to ensure gradual

drying and to prevent oxidation of carbon materials,

3.5 ANALYSIS OF DATA

i

3.5.1 SEED AND NUT SIZES

Seéd ané nut'sizes were analysed‘using one-way analysis
of variance. If there“wére significant diffenenceé among the
sources, means were compared using the

Student-Newmann-Kuels' (S*N-K) multiple range test at P<0.05

level (Steel and Torrie 1980).

.3.5.2 GERMINATION TEST

‘T.T§o—way analysis of variance was used to compare
results among the three sources, among temperatures and
their interactions. Total percent germination for each

temperature was calculated on day 14 from inception of
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tests. The germinative rate, which is the number of days to
achieve 50% of total germination over the 14 day period was
also calculated for each temperature. Regression analysis
and coefficienf of determination were determfned between .

&

germination percent and temperatures,

3.5.3 SEEDLING GROWTH

Using the growth data obtained in the experiment,
classical plant growih analysis was usedito calculate growth
indices as desaribed by Evans (1972), Hunt (1978) and
Radford (1967). Growth indices calculated were relative
growth rate (RGR); net assimilation rate (NAR) and
root-shoot ratio (RSR). RGR and NAR are physiological
indices Qheregs RSR 1s a morphological index."RGR represents
the productiJe efficiency of the plant and measures the
change of plant dry weight per unit of dry weighﬁ present
per unit time. NAR represe&ls the carbon assimilatory
capacity of the,leaves'ahd measures the change of blant dry
weight per unit assimilatory surface aréa per unit time. RSR
represents the ratio of dry weight of root to shoot (stem

plus leaves). These growth indices indicate the

physiological and.horphological conditions of the seedlings.



38

The formulae used in the calculation of the various

growth indices were as follows:

. RGR =(ln.W, - 1n.wW,) + (t, - t,)

2, NAR =[(W, - W,)(1ln.A, - 1n.A,)] =+ [((A, - A))(t, - t,)]

3. RSR = (Wr + Ws)

"W, :,Total plant dry weight at time t,
W, : Total plant dry weight at time t,

A, : Total leaf area at time t,
A, : Total leaf area at time t,
Wr : Total root dry weight

Ws : Total shoot (stem + leaves) dry weight
ln. : Natural logarithm

After calculatlng the various indices at each harvest
interval, a two-way analysis of variance was carried out to
determine the differences among ‘sources, light treatments

and their interactions. T

@ same analysis of variance was

root collar diameter,

"""""

total dry weight and tot‘f; ; area. Regression analysis
was determined where there Were no significant differences

amoﬁg sources or light treatments. The S-N-K multiple range
test at P<0.05 waé used to test for differences in means at

each harvest interval (Steel and Torrie 1980).
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4. RESULTS

4.1 STUDY I: SEED AND GERMINATION

'4.1.1 SIZE OF NUTS

Measurementsé¢of length and maximum diameter of nuts are

presented in Tables 10 and 11. Analysis of variance was
performed to dete

and :esulfs-are shﬁén'in Tables 12 and 13.

nd S.E.

rmine if differences existed

among sources.

Table.JO. Means a . for length of nuts (mm).

, ” ' (n=20) '

Rep. | Sabah' \ ,gPerak" < Thailand:

1 17.64%0.51 - 17.9140.42  14.83%0.5¢

2 - 17.90+£0.57 16.91%0.49 14.3820.52

3 - 16.76+0.,34 18.30%£0.37 14.47+0.4°

r 4 16.88+0.37 - .16.67£0.32 13.4610.45
Mean 17.30£0.46

17.4540.43

14.28%0,48

('In Malaysia5

for max.

Table 11. Means and S.E. ; diameter of nuts (mm).
(n=20) ‘ .
Rep. ”-Sabah} ~ Perak' Thailand
1  9.85+0.26 10,7120, 15 8.65:0.19 o
2 9.5840.26 10,4740, 23 8.63+0.24 - |
3 9.51%0.26 10.22£0.23 ° B.680.21
4 9.2340,25 9.48%0.15 8.64+0.31
~ Mean 9.54+0.26 10,2240, 21 8.65+0.24
- ('In Malaysia) Voo
v,
P L]
. 39
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Table 12. ANOVA for sources (length‘of ngts);;

, —y— .
*Sources of var, df - S.S. M.S. «F -, Sigqg.
Bet. sources . 2 25.26  12.63 31.66  0.01
‘Within 9’ 3.59 0.399 :
Total 11 28.85 '

N\
o 4

‘Table 13, ANOVA for Agurces (diameter of nuts).

—

Sources of var. df 15.8. M.s. F, Sig.
Bet. sources 2 4.99 2.49 20.67 0.01
vWithin : 9 : 1.09 0.121 ‘
Total 11 - 6.08 /
_ _ —
/T

’?

Analysis of variance showed that there were srgg&{{Zant
dlfferences at the 0.01 level among the three source means
for both length and diameter of nuts. Comparisons of means

3u51ng the S-N-K test at 0.05 level showed that both Sabah
and Perak nuts were significantly longer w1th larger
diameter than the Thai source (Table:14), When'all
individual observatfons were considered, the same

significant difference was,obtained.»The Sabah and Perak

sources were not significantly different fro% each other.
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Table 14. Comparisons among source means for length
and diameter of nuts using the S-N-K-test.

[

Sources Length(mm) , Diameter (mm)
- -Sabah 17.30 a ‘9.54 c-

Perak - 17.45 a 10.22 ¢

Thailand. 14,28 b. " ¢ 8.65 4

(Along each column, means followed by the same letter
are not significantly different at P<0.05 level)

4.1.2 SIZE OF SEEDS
Meang of seed length and width were obtained by
- measuriz;@the totél of 20 seeds in each replicate.
Ipdividual seed measurement was not carried out because a
ruler was used and high precision was difficult. As such,
détermination of standard error~for each mean was not

possible (Tables 15 and 16).

3

Table 15. Means for length of seed (mm).

(n=20)
" Rep. - Sabah' Perak' Thailand
"I/ L - . -
1 7.61 - 7.57 7.25
2 7.50 7.70 6.90
3 ©7.43 7.93 7.35
4 B.23 7:63 7.33
‘Mean#S.E. 7.69+. 18 7.71+.08 721411

("In Malaysia) ' ' ' | %

Y
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Table 16. Means for width of segd (mm) .

(n=20)
Rep. Sabah' Perak' ' Thailand
| . 3.87 3.95 3,93
5 2 3.65 3.80 3.63
3 3.83 ' 4,05 3.81
4 3.92 3.87 3.69.
MeantS.E. 3.82+,06 3.92+.05 3.77+.07

('In Malaysia)

‘

Analysis of variance showed that there were significant

differences among source-méans for seed length at the .0.05

a
4

level but no signiticd® iPferences for seed width (Tables

17 and 18). Comparisons among means were performed using the

8

S-N-K test (P<0.05). The results showed that seeds from
Sabah and Pefak wére significanﬁly Ldngerﬂthah the Thai .
@fource,(Table 19). There wéfe no significant differences for
fgﬁseéd Width'among the three‘spurces.

Table 17. ANOVA for sources (length of seed).

» Sources of var. df S.S.  M.S. F - Sig. .
“.. Bet.sources 2 6412 .3206 k.70  0.05
_ Within 9 6141 .0682

Total D 1.2553
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Table 18. ANOVA for sources (width of seed).

Sources of var., df = S.s. M.S. F . Sig.
Bet.sources 2 .04%68 .0234 " 1.6138 ' ns
Within 9 1 .1310 0145

Total o 1778 L ©

(ns: not significant)

Table 19, Comparisons among source means for length
‘ and width of seeds using the S~N-K test.

— '
"\ Sources : Length(mm) Width(mm)

. Sabah S 7.69 a 3.82 ¢ )
Perak ' 7.71 a 3.92 ¢
.Thailand 7.21 b . 3.77 ¢

(Along each column, means followed bx the same letter
-are not significantly different at P<0.05 level) >

-
4.1.3 GERMINANTS FROM NUTS B

The_number of germinanfs?produced from each‘nut varied
f;ém zero to four (Taplngé).vTotal germination (%) was
calCulgted by dividing't%é’tdtal number . of germinants by 100
nuts. The results showed' that over 50 péﬁggnt of all the
nuts did not produce any germinahtéfvﬂbs€ghuts prodpéedlq@&y
one gefminant. In terms of total‘germination, the Perak
source produced fewest germinahté per nut (45%) compared to
Thailand (66%) and Sabah‘(65%) which ;ere probably not.

'-i.gnificiantly different. Analysis of variance was not
®performed because ﬁo replicates were done. Only one nut was

found to produce 4 germinants (Thailand). The distribution



44

of nuts with different numbers of germinants is illustrated

in Figure 3.

" Table 20. Distribution of nuts with different
‘ number of germinants (n=100).

No. of germinants per nut

Sources ‘Nuts 0 1 2 3 4 Total

Sabah Nuts 46 45 7 2 0 100
" (Germinants) 0 45 14 6 0 65%

Perak Nuts 60 36 3 1 0 100
(Germinants) 0 36 6 3 0 45%

‘Thailand  Nuts 49 41 6 3 1 100
(Germinants) 0 41 12 9 4 66%
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46 . *

Highest total germination was obtained at 30°C and

‘lowest at 19°C. There was no germination at 45°C. Seed

source differences were also tested at each temperature and

results showed that they were not significantly'different

from each other (Table 21). Arcsin transformation was not

used because the percent data did not cover a wide range of

values (Steel and Torrie 1980).

Analysis of variance showed

thatl there were significant differences among temperature

treagments at 0.01 level. There were no significant

differences among sources or in the interaction between

temperatures and sources (Table 22).

Table 21. Means and S.E. of total germination (%)
replicated four times. * ‘

Sources 19 .24

Temperatures (°C)

30 36 45

~Sabah 3.75%1.25 .65.00+2.89
Perak 2.50£1.19 66.25%8.26
Thailand 3.75%3.75 72.50+7.22

76.25+8.98 37.50%4.79
71.25+8.99 25,00£7.37
78.75%5.54 30.00%8.90

OO0

Means  3.33%2.22 . 67.92#6.17

75.42%7.42 30.83%7.06 O

(ns: not significant)

A

Table 22. ANQVA for

seed germination test.

Sources of var. df  S.S. M.s. F Sig.
Bét. sources 2 7.6 3.80 0.7197 ns
Bet. temp. 4 2381.2 585.31- 112.75 0.01
Temp. x Sources 8 15.1 1.88 0.356 ns
Within . 45 237.? +5.28

Total 59 2641.4

(ns: not significant)
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Results in th{s study indicated that the lethal
cbnstant tempeféture for Gmel ina arborea seeds was between
36°C and 45°C (some seeds died at 36°C and all died at
45°C). A seéond test'was therefdre‘cérried out at
teméeratures of 38°C, 41°C, 46°C.and 52°C to narrow down
more closely what the lethal constant temperature might be.
Because of insufficient seedsf only the Sabah source was .-
used. The test can be assumed to represent all three sources
because earlier analyses of variance showed that there were
no -significant differences among the three sources in regard
to temperature effects oa germination. Both results of the
firsf and second run on temperatures were tested using‘
multiple comparison analysis and were found not
significantly different at P<0.05 level (Table 23).

Table 23. Multiple comparison of germination tests
between first and second run on temperatures.

Sources of var.  df S.S. M.S. F Sig.
Bet. 1st. & 2nd. 1 233.50 233.50 3.494 ns
Within 24 1604.04 66.84

(ns: not significant) .

The combined germinat}on results were therefore pooled
tdgether (Table 24): Analysis of variance showed that
temperature treatments were significantly different at é
probability level of 0.01. The comparison of mean
germination at different ‘temperatures showedffhat total

germination (%) at 24°C and 30°C were significantly
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different from the others at P<0.01 (S-N-K test) (Table 25).
Germination results between 24°C and 30°C were similar
(P<0.05). The correlation between germination percentage and
temperature had a coefficient of determination (R2) of 0.77.
The relationship showed that the_const;nt temperature
suitable for optimum germination was very narrow even though
germination occured from 18.5°C to 40.5°C (Figure 5). There
-Qas a sharptdrop in gérmination percentage with oply slight
changes from the optimum temperature (29:8°C). Arcsin
tranéformatiqns of the percentage data failed to lead to .a
better correlation.

The regréssion equation for the relationship between
temperature and germination (%) is:

Y = -410 + 32.74X - 0.55X?

R?*=0.77
Optimum temperature = 29,8°C
Maximum germination = 77.2%

" (Y)= Germination percentage
(X)= Temperatute(°C)
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Table 24. Mean total percent germination at
different temperature treatments.

Temperature(°C)

Rep. 19 24 30 36 38 41 46 52
1 8.33 75.00 70.00 25.00 45.00 15,00 0 O
2 3.33 73.33  61.67 23.33  30.00 0.00 0 O
3 1.67 68.33 80.00 30.00 - 20.00 0.00 0 0
4 0.00 55.00 90.00 45.00 55.00 15.00 0 0.

0 0

Mean 3.33 67.92 75.42 30.83 30.00 7.50

Table 25. Comparisons of mean germination (%) at different
temperature treatments using the S-N-K test.

No. Temperature Germination
(°C) (%)
1 52 0 c
2 46 . ‘ 0 c
.3 41 7.5 c
4 38 30.00 b
5 36 30.83 b
6 30 v 75.42 a
7 24 . 67.92  a
8 19 3.33 o

(Means followed byAthe same letter are not
significantly different at P<0.01 level)

Cumulative germination percentage~wés plotﬁed in order
to dete:mine‘the germinative rate at each temperature.
‘treatment (Fiqure 4). Highest germination occurred at 30°C
with 50% of the seeds havin? germinated between aays'G and
7;4Germination was‘very sloc and low ét 41°C and ét 19°C.
All seeds died at temperatures of 46°C and above. The

/

germinative rates were also calculated and correlated to
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temperatures. A regression equation was determined and
germinative rate was found to be highly correlated to
tempe?ature (R*=0.91) (see Figure 6). The germinative rate
increased (less time needed) with temperature upvté 33°C,
and then decreased (more time needed).

The regression equation for the relationship between
germinative rate and temperature is:

Y = 48.50 - 2.78X + 0.042X?

R? =0.91 o
Optimum temperature = 33°C

Max. germinative rate = 2.5 days
(Y) Days

(X) Temperature (°C)
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4.2 STUDY 11: EFFECTS OF LIGHT QUALITY ON SEEDLING GROWTH
Sy 4 .

4.2.1 ROOT-SHOOT RATIO
‘Analysis of variance of root-shoot ratios showed that

phe%e were no significant differences among. light quality,
seed sources or their interactions (Table .26). However,

there were indications of widenin divglhltce after 48 days
g CGlVSEEn

of growth. Plants under 3SQN,‘ZS1M ang “st lights showed
more rapid increase in«}oot—shoot ratids than_3MéH and SM6I
(Figure‘7); Aftef‘GO-day of growth, éhe‘largestvrétig was
obtained under 2S1M light (2 sodium and 1 mercury lamp) and
lowest ratios wére:obtained under SM6I (most incandescent
lamps) and 3SON light(3 sodium lémps).

Over the 60¥day of grqwth, there was a definite trend
{n the root-shoot ratios under all light gualities.

Root-shoot ratios decreased during the first 36 days. After

36 days, growth proceeded more rapidly in the roots than

~shoots, yielding increasing ratios. Root-shoot ratios among,

seedlingé from different seed sources showed the same trgnd
as seedlings grown under differént light qualities over';hé
60-day of growth, |

Since there werevno significant differences among °
seedlings growﬁkunder different light gquality in root-shoot
ratios, a correlation between root—shoét ratios and days
“from plantiné»waggdetefmihed. A curvilinear relationship was

obtained with a coefficient of determination (R?*) of 0.20.

The results (Fig. 7) demonstrated a rapid change in

»
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root—shoot ratios over the rearing Period with no

51gn1f1cant differences detected at each 1nterval (Table
26). The standard error (0. 059) of the regression equation

was high compared to the grand mean ratio.of 0.229,.
‘ ' e

- Logarithmic transformations ‘were tested but they did not
e

gt

produce any better correlation.

Relationship between root-shoot ratio and
- days from planting (up to 60 daye) is:

Y = 0.324 - 0.00767X + 0.000145%?

CR® =0,20 v s .
Standard error = *0.059 : ’
(Y) Root-shoot ratio -

(X) Days from planting

ftn

Table 26. ANOVA and comparisons of means for
: root-shoot ratio using the S-N-K test.

Harvest interval(days)

Treatments  I(12) 11(24) ITT(36)  1V(48) v(60)
Lights _ ns ns ns ns ns
3SON - .272 a, .205 a .200 a .184 a .256 a
2S1M .259-a - .207 a .220 a .229 a- .317 a
- SM6I - .240 a .196 a .173 a .226 a .254 a
2M1S - .+ .2547a = - ,208 a .202 a .202 a .288 a
3MeH .218°'a © .210 a .205 a- .241 a .275 a
Sources ns ns ns . ns - ns -
Sabah .252 a | ._.2206 a 2212 a §*.223 a 7 .-.290.a
Perak .260 a . .205 a .197 a | .2%¥3 a. .286 a
Thailand .234 a .206 a .192 a .212 .a .258 a -
Interaction ‘ o Rt ™

L xS ns ns ns ns ns

-"(Along each column, means followed by the same letter
are not significantly dlfferent at P<0.05 level)
(ns: not 51gn1f1cant) , , \\



Robf—_sho_o’r ratio

0.32 -

7["“1"'W'E'W';"P";l”"l”;fI'VFI'V’I"”I"Y o
0 10 15 20 25 30 35740 45 S0 S5 60 65
Days from planting s

Figure 7. Root-shoot ratio. under
different light treatments.

F T

Sy .
L uﬂ s
o

"l



57

4.2.2 ROOT COLLAR BIAMETER

There were no significant.differences'in root collar
d%pmeter among plants grown under different light qualltles
“PTable 27). After 60 days of growth, plants under BSON light
produced larger root céllar diameters and plants under SM61
light produced smaller diameters but differences were not
significant. A -correlation was determined berween roat
collar diameters and days from planting for the five light
qualities; A linear relationship was obtained with a
coefficient of determination (r’) of 0.96.

Linear relat1onsh1p between root collar diameter
and days from planting (up to 60 days) is:

Y= 0.297 + 0.1177X

ﬁi =0, 96
J t%ndard error = *.406 mm

() = Root collar diameter (mm)
@ (X) = Days from planting

i@ignificant differences in root collar diameter among
seedllngs from different 5eed sources were obrained at day
48 and'SO A widening trend among seed sources was indicated
T
day 48) to the O 01 level (day 60). Over the 60 days of
(:;owth both sources from Sabah and Perak produced seedllngs
w1th much larger root collar diameters than the Tha1 source
(Table 27). There was no significant difference between the
Saban\and Perak sOurces.bThejresults also showed ng |

o0 . Vs
significant interactions between light quality and seed

o

- 4

by 1ncrea51ngly 51gn1f1cant dlfferences from the 0 05 level ¢«

»

3
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source in root collar diameters.

Table 27. ANOVA and comparisons of means for root ,
collar diameter (mm) using the S-N-K test.

Harvest interval (days)

Treatments  1(12) IT(24) III(36). 1v(48) | v(60)
Lights . ns ns ' ns ns ns
3SON 1.812 a 3.082 a 4.478 a 5.913 a 7.663 a
2S1M 1.806 a 3.238 a 4.506 a 6.170 a 7.566 g
SM61 1.732 a 3.119 a 4.436 a 5.904 a 7.171 a
2M1S 1.714 a 3.021 a 4.420 a 5.999 a 7.222 a
3MeH 1.783 a 2.973 a 4.402 a 5.870 a 7.312 a
Sources ns ns ns * * ¥
Sabah 1.803 a 3,115 3 4.515 a 6.185 a 7.655 a
Perak 1.715 a 3..187 a 4.503 a 6.112 a 7.549 a
Thailand 1.791 a 2.958 a 4.327 a 5.617 b 6.957 b
Interaction \

L x S8 ns ns : ns ~~ ns ) 'ns

(Along each column, means followed by the same letter
are not significantly different at P<0.05 level)
( *: significant at 95%, **: significant at 99% )
( ns: not -significant )
]
4.2.3 SHOOT HEIGHT
There were significant differences in shoot height
among plants grown under different light qualities 24, 36.
| and 48 days after pPlanting (Table 29). A treng cléarly
showed that plants under SMSI light'were tallest'amoég the
five lights 6ver the 60-day of growth. There were no
significanf differences among light qualities after 0 days
even though shoot height was still tallest under SM6I light.
‘The results alsﬁbindicatea that plants under 3MeH light

produced the shortest plants. -Correlations between shoot

height and days from planting were determined for eachviight
B ‘ | T o

TR
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L5

g

quality (Figure 8). Coefficients of determination (r?) were
high for all tests. (Table 28). The linear relationships
showed éhat height growth increased most rapidly under'SMGI
light ahr slowest under 3MeH light (indicated by the slope

-of+each equation). !

Tl

7  ,Tabl¢ 28. Relationships between shoot height and
T ; days from planting (up to 60 days) under
different light treatments.

Light Regression | r? S.E.
3SON- ¥ = 0.7337K < 4.525 0.94 3.36
251M Y = 0.6791X - 2.837 0.94 3,00
SM61I . 'Y = 0.7859X - 2.736 0:93 3.88
2M1S Y = 0.6854% - 3.935 0.97 2.15
3MeH Y = 0.6518X - 3.348 0.97 2.05

(Y) 2 Shoot height (cm) - i -

Days -from planting
- Standard error (#cm)

« M
o

B

There were significant differences in shoot heigHt
amdng plants'grown from different spurces 12 and 24 days
after planting. Both the Sabah and Perék sources produced
taller pléntsﬁthan the Théi source (Table 29). A narrowing
trend amongbseedLserces on shoot heights was indicated Ey
the lack of significant differences after 24 days. However,
the Thai soufce prodqged the shortest plants aé all
intervals. The results showed no siénificant interactions

‘between 1light quélity and seed- sources in shoot heights,



Table 29.’5§6§Z and comparisons of means for
shoot height(cm) using the S-N-K test.

60

Harvest interval (days)

Treatments I1(12) . 1I(24) I11(36) Iv(48) v(60)
Lights °~ ns * % L * % ns
3SON "~ 5.88 a 11.80 b 21,08 b 29.76 b 40.92 a
2S1M - 6.01 a 12.25 b 22.02 b 29.81 b 37.97 a
SM61I 5.75 a 15.10 a 27.36 a 38.21 a 41,35 a
2M1S 5.28 a 10.62 b 20.73,b 30.68 b .36.38 a
3MeH 5.17 a 10.87 b 20.75 b 28.14 b 35.64 a
Sources * * ns ns - ns
Sabah 5.98 a 12.36 a 22.90 a 32.30 a 38.77 a
Perak 5.86 a 12.87 a ~#R2.78 a 31.51 a 39.01 a
Thailand 5.02 b 11.15 b 21.49 a 30.15 a 37.58 a
Interaction e .

L xS ns ns ns . ns ns

(Along each column, means followed by the same letter
are not significantly different at P<0.05 level)
( *: significant at 95%, **: significant at 99% )

( ns: not significant ) \
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_ 4,2.4aT0TAr‘DRY WEIGHT

Analy51s of variance showed that there were 51gn1f1cant

; dlfferences in total dry weights among plants grown under

N

*d}fferent.llght qualltles 12, 24 and 60 days after planting
’(Table 30).‘A trend indicated that plants grown under 3SON,

W and 28t lights produced higher dry weights than other light

9.
.

" qualities, -The results also showed that plants under SM6i4

Ifght prodhced the lowest dry weights at all intervals over
the 60 day of growth Under all light qualities, total dry

welghts 1ncreased exponentlally over the 60-day period. A

~widening trend was indicated particularly after.48 days
R . - . ,_ﬂﬂ/\ .

where:plants under 3SON light showed a more rapid increase
in total dry weight as compared to other light qualities
(Figure 9). After 60-day of growth, total dry weights under’
BSON.and 2S1M. lights were significantly higher than those
under SM6I:1light.

The results showed that different light gqualities

*'_ﬁrodueed similar patterhs in dry weight distribution within

-plant cdmponents (Figure 10). As the plants matured, the

proportlon of leaf dry weight decreased and the proportlon

'd=of stem dry welght 1ncreased The proportlon of- root dry

welght decreased up to about 36 days and then increased. The
Shlft in dry welght distribution w1th1q\plants influenced
the root- shoot ratios (Flgure 7).

There were significant dlfferences in total dry weights
between the Malay51an sources (Sabah and Perak) and the Thaf

source 24, 48 and 60 days after planting. ThevThai source
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produced plants with lower total dry weights than sources
from Sabah and Perak. A widening divergence over time was
indicated by the increasing level of significant difference
by day 60 (Table 30). The results showed no significant

interactions between light quality and source in total dry

weight.'

Table 30. ANOVA and comparisons of means for total’
dry weight(g) per plant using the S-N-K test,

Harvest interval(days)

Treatments 1(12) T1(24) I11(36) 1v(48) V(60)
Lights X * ns ns x
3SON 175 a,b .985 a,b 2.374 a 4.619 a " 9,605 3
2S1M .207 a’ 1,155 a 2.693 a 5.624 a  9.645 a
SM61 .163 b .879 b '2.146 a 5.064 a 7.990 b
2M1S .169 b .993 a,b 2.513 a 5.190 a 8.895 a,b
3MeH .188 a,b .950 b 2.495 a 4,840 a 8.312 a,b
- Source ‘ns : % ng % *x
Sabah .. 182 a .994 a,b 2.431 a 5.266 a 9.079 a
Perak .178 a 1.079 a 2.622 a 5.454 a 9.826 a
Thailand .181 a .905 b 2.280 a 4,482 b 7.764 b
4
Interaction .
L xS ns | ns * " ns ns . ns

(Along each column, means followed by the same letter
are not significantly different at P<0.05 level)

(¥: significant at 95%, ¥¥: significant at 99%)

(ns: not.significant) , ‘
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4.2.5 TOTAL LEAF AREA

" C e
%ﬁ The results showed that there were significant
3#@ differences in total leaf area among plants grown under

different llght qualities 12 , 24 and 60 g&ys after planting

(Table 31). The plants demonstrated varlatlons under
different lights atqilfferent sﬂ.ges of growth A widening

divergence was indicated among’ llght gualities particularly

after 48 daygy (Figure 11). After 60 days, total leaf area
2 .

was .largest under 3SON light and smallest under SM6I lighf.

L]
There were also significant differences in total leaf area

among seed sources after 24 and 48 days. A trend indicated

‘that the "Sabah and -Perak sources had higher total leaf area

) r
than the Thai source.* The results showed no significant

interactioqf between light qualities and sources in total

leaf areas.

A% ’
TotaL dry weight was correlated with total leaf area

. for all li hﬁ qualltles The relationship was linear with an
g .

r? of W:QO (Flgure 12) . This relationship is a prerequisite

for uslng the formula in calculating the net a551m11at10n

7
&

.rateé(Hunt 1978,  Radford 1976 Slvakumar and Shaw 1978). as

6

| eﬁpected varlablllty in' total dry weight 1ncreased with

, .‘w
ﬁ. ol

’;’vaIues (Flgure 12).

o

»

.total leaf area as 1nd1cated by the greater dispersal of

. -, _a ‘ §

N ‘53: :‘ :" A
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The llnear relatlonshlp between total ary weight
per plant and total leaf areas per plant is:

Y = 0.0055§X T Q.3968 : Qb'j'

r* =0.90 '

Standard error = .027 g

(Y).= Total(:dry welght per’ plant (g)
(X) = Total leaf area per plant (em? )

Table 31 ANOVA and comparlsons of means for total leaf
~area(cm?) per plant using the S-N-K test.

67

' _  Harvest 1nterval(days)
Treatments I(12) = 1I1(24) “IIT(36) 1v(48) V(60)

Lights * Tkk ns © . ns *
3SON . 43.8 a,b 290.4 a,b 653.6 a 1106:a 1762 a
28S1M ~52.0 a- »314.4 a 625,00 a 1099 a 1525 a,b
- SMe1 42.3 a,b 246.6 b 557.5 a 1087 a TZgﬂ»b'
T 2M1s .  37.1 b 273.0 b 615.0 a 1138 a 1422 .a,b
"3MeH | 45,2 a,b 250.6:; B 582.8 a 990 a 1434 a,b
Sources’ - ns "% . ns - * . ns.
Sabah . 43.9'a ..271.1 a,b °587.8 a 1063~a,b 1478 a
Perak - 42.7 a .295.8 a ~ "'646.4'a 1172 a 1628 a
. Thailand 45.6 a - 258.2 b ' 586.2 a 1018 b 1370 a
Interactlon _ » , L
L xS ns” . ns ns - ns . ns

- (Along each column, means followed by the same letter
are not . 51gn1f1cantly different at P<0.05 level)
(*: significantwat 95%, #*x: significant at "'99%)_ .
(ns: not.significant) - . :

TN
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Y=0.00558X—0.3968
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4.2.6 RELATIVE GROWTH RATE
There were no significant differences in relative

growth rates among plants grown under different light
gualities (Table 32). The results showed that under all
‘llght gualities, RGR decreased sharply from. the first
interval (12-24 days) to the second 1nterva; (24—36 days).
After the thirdvinterval (36-48 days), only plants under
3SON light showed,an increase in RGR while a sharp decrease
‘was observed under SM6I light.bBy the fourth interval (48-60
days), a widening divergence in ' RGR was indicated among
different lights but this trend was not statistically ‘
significant' A correlatlon between 'RGR and days frOm
planting produced a curv111near relatlonshlp (R’—O 8;) The
“rrelatlonshlp showed a- rapld decrease in RGR- up to about 50

" days after Whlch it stablllsed. Ll

oy
2t

The relatikﬁgmi

&P between relative growth
‘rate and day®:-” :

rom planting is:
;”ﬂg;o.274 0.0092% + 0.00009X*

R?*=0.81 \
Standard error¥+0.018 g g-'d-*

(Y)= Relative gdrowrh rate (g- g“d")
(X)= Days from planting.

o : . M . ’ : » ‘
. .

Slgnlflcant dlfferences in RGR among plants grown from

¥

* t

; dlfferent seed sources existed only in the f1rst 1nterval )
/(12 24 days). Over the 60—day of grpwth, there was a

narrowing of RGR among sources. The results also showed no
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-

- significant- interaction between light quality and seed

-

descrlbed (ﬁlgure 13&wﬂln the last 1nterval (48-60 days),

source in relative growth rates.

L3

4.2.7 NET ASSIMILATIDN RATé
There were no 51gn1f1cant dlffehepces in net

a551m11at10n rates among plants grown under dlfferent light’
gualities at all intervals (Table 33). Plants under all R
light qualities . showed a sharp decrease in NAR from the:
f1rst 1nterval (12-24 days) to the second interval (24-36
days) After the third interval (36-48 days) plants under
3SON light (most sodlum lamps) showed an increase in NAR as
compared to other llght treatments. There were 1nd1catlons
of dlvergense after the second 1nterviig(24 36 days) but the
trends reversed themselves after the third interval (36~ 48 v
da) ? nd no clea; effects of light quallty could be

? &

L1

"the hlghest NAR was obtaﬁﬁed under BSON llght and the fowese

o
was under SM61 llght. A correlatlon bquben NAR and days

x\
. from plantlng produced“a curv111nea§frelatlonshlgkng—O 68)

for all light- quality observations comblned The J? ﬁwv
relatlonshlp showed that NAR decreased rapldly up to_ about

45 days after planting and then stabilised.
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. The relationship between net assimilation rate
-+ and days from planting is:

¢

¥Y=105.70 - 3.646X + 0.0402X

R?=0,68 - .

Standard error£+9,62 mg dm"h"

(¥)= Net assimilation rate (mg dm-24-') .
. (X)= Days from planting ) . .Qk;

. NS , 4
~There were no significant differences in net
assimilation ratesﬁamong.plants grown from different seed,

'sourcesJ The results alsg showed that there were ™no
and seed
B

A \

pns of méanéﬁf:b,relative_
¥1) using the S-N-K test.
P [ 2

significant interactions between light quali;y

SOl

. e L L
gource 1n net assimilation rate, *

{
.*‘}? t P

K%

Table M AWOVA and copll

»

’ ' B o t.interval(days) ,
Treatments = 1(12-24) 6) III(36-48) Iv(48-60)
s . . L ‘ :
ns hs . ns
;143 a 044 a 054 a .06l a
.143 a .071 a .060 a .046 .a
.140 a 074 a 072 a .038 'a
. 149 a ;078 a .060 a . 045 a
~.135 a .080 a _“i.057 a .045 a
Sources . k% ns .+ &«  ns ‘ns :
Sabah . .142 a,b .073 a .064 a ' .046 a
Perak ' .151 a 074 a .061 a .049 a
Thailand .133 b .078 a . ., .056 a .046 a
Interaction . P ‘ .
L x§ 7 © ns - ns : ns ns

G y ./'D’?V 4".,, — PREER AN - - ; -
" {Algng?gach'column, means followed by the same letter

.--are not -significantly different at P<0.05 level)
'IQ\(**: significant at 99%, ns: not significant)

o
e ¥ ‘ﬁ .0 ' 4
» . e . . F—. i ES R
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Table. 33.. ANOVA and CQmpari§bnS~oﬁgmeans1fpr’nef
; . assimilation ratg(mg‘dm*?d“‘) using

the S-N-K test. ' . R '

akn
Co : ' Harvest intervali{days) '

Treatments  T(12-24) 11(24-36) *I111(36-48) 1V(48-60)

Lights " ns . . 'ns - ns . B of

3SON 52.53 a 26.20 a 22.13 a , 29.27 a |

2S1M 54.36 a - 28.49 a '29.3Ya ., 25,47 a

SM61I - 52.68 a 28.18 a 30.87 a % ..20.21 a_

2M1S 58.35 a 30.13 a  © 26.02 a°  24.39.a

3MeH 53.13 a 32.82 a 25.62 a’ 25.10 a

Sources . ns ns 'ns . ns

Sabah 54.61 a 29,58 a - 30)09*%‘ . 24,61 a

Perak " 58.39 a . 28.97 a . 26.77 a 26.54 a =

Thailand 49.63 a - 28.94 a 23.51 a 23.52 a v
/- Interaction ! , L

L xS " ns s ng ns f - ns

(Alohg each column, means followed by-the'éamejletﬁir,.
are not significantly different at P<0.05 level)

(*: significant at 95%, ns: not -significant)

‘ . . N
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5. DISCUSSION

5.1 STUDY I

@

# 5,1,1 NUT AND SEED SIZE

o
P

The purpose of this studyiwas to determine whether
there are differences in nut and seed sizes among the three

sources and also their relationships to subsequent

vgermination.‘Nutfand seed‘sizes are important ecological

characterlst;cs and are- very constant parameters for a

spec1esﬁW1thin an ecotype (Harper et al. 1970).

.Nevertheless, they vary. under different env1ronmental

o

t condltlongﬁgh;ch affect frult and seed development and also

il

¥ ot .
1

‘the ‘whole plantwmg ?;?Q-’_ o | | -

;1‘:

There 3&% several possible reasons for the dlfferences

in nut and~ ’é§ sizes among sources. Seed size is dependent

on nut s;zenés reflected in the measurements in Tables 14

\'4 ‘v )
" and- 19 Pdﬁ&lble factors influencing the fru1t or nut size
are.“k N . y" . )
u“ﬁ'ﬂ :l; "' S . : . N o

t

§:(1)‘iry T§§%5?§Ult5 showed ‘that there were no significant

d1fferences between the Sabah and -Perak sources for
# R DS ¥ - - B . ,.‘ .
gther nut or seed sizes (see Table 14 and j9).

1\"\

e

Thai- source had 51gn1f1cantly smaller nutS>(length

and dlameter) at P<0 01 ?nd also for seed length at

N

P<0.05 as compared to the Malay51an sources. §§&ah

and Perak sources were within the range measured by

75 &
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'.Bowéﬁ (1980) as shown in Table 1. The Thai source
?éhéﬁea that nut sizes were in close agreement with
measurements made by Wasuwanich (1984). He found
" that the méan'iength was 13.95 cm and me;n'diametef
was 8.23 cm. Thére-were no available data for .

Burmese or Indian sources for comparison with\Perak
or Sabah sources.rDue to differen;es in genetic
. \ : 1
origins, different sources produced difﬁerent size
nut., Gmel{na arborea is‘iqdigenous to Thailahd and
qhﬂy} p5th Pérak aﬂd Sabah sources probably originated
. from Burma or the same gegiqn.‘This,maymexplain why
“there Qere no significant differékces in seed and
nut sizes between Sabah and Perak sources becéuée-of

4

. possible similar genetic origins.

I3

(2) Another possible reason might be due to the -

~different degree of maturity and age of the fruits
) ) .

between the Thai and the other sources. Nut and seed

 sizes.a§e‘vety much influenced by maturity and time

v

Yo 4

ofcollectlon (austin 1972). The timing and
cbiiéégion of Gmefina arborea fruits Wefé;differént
v : T e R R
for the three locations. The Thai source pibduce
';maller fruits and this could be due to the lower
degree of maturity. The fruits might have dropped
- prematurely due to drastic climatic c?anges over the
past 40 years'(HeliUm and7Wasyw3nich 1984). Seed
size also varies with season and frgm yeaf tO*yeaﬁ,

a

(Hellum'1976).>
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As p01nted out by Stebbins- (1974) and Harper (1977),
seed size is an expression of the environmental
factofs under which it’develops. It is ‘an important
adaptive and.epdlogical'?eature of plants. The
strateqgy for seed formation in a plang,is a result
of compromise among factors like seed'humber? size,
dispersal and also seedling gétablishment (Thompson
1972). This compromise is critical for the survival
and distribution of the species,

| The diagrams in Figure 2 show the climatic
distinctions between.Thailand and Malaysia. The
climates of Sabah and Perak are quite similar with ]
hlgh aﬁnual rainfall and without a. dlStlnCt dry

perlod In M&?k Lek, Tha&land the dry perlod may

'last from October to May and this affects plant

growth adversely Such a cllmate is less favorable
for growth than those of Perak and .Gmel ina
arborea, in the Muak-Lek area of Tha , May no

o )
longer be adapted to itg¥%own natural env1ronment

=%

because of the extensive forest clearing over the . s

last 40‘Years (Hellum EEﬁvWasuwanich 1984). As a

e

result, this species may be out of phase with its
own climate and fruits may develop undér unfavorable
conditions. The results in this study agree ‘well

wiEB_the findings and opinions of several workers

-

" that nut and seed §jzes canAvary considerably'among

environments (Yeatman 1965, Stebbfns 1974, Harper
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1977) . Thus the results suggest that nut size is an"

1mportant ecolog1cal expression of the env1ronmentsi R

under which the plaftits grow. . }f

G o

.
5.1.2 GERMINANTS FROM NUTS

The results in Table 20 showed that the number of
germinants produced per nut was nét related to nut size.
Sabah and Thai sources produced higher total g;rmination
(65% and 66% respectively) than the Perak source (45%) even
though both Sabah and Perak had significantly larger nuts
than the Thai source (Table 14). About 50-60% of the npts~
did not produce even one germinant. Most of the remaining
50-40% of the nuts produced only one germinant.

Several workers have shown that the actual number of
seeds per nut was more than one as shown in Table 2
(Perak:2.2 seeds per nut, Sabah:1.5 seeds per nut,~Thailénd;
no available data ). Thus the total germination would be
even lower if actual number. of seeds per nut was considered
in the calculation. The results were.qlose to the means
obtained by Okoro (1984) as shown in”Tablé 3 but Qere much .
lewer than results obtained by'Woessnér and McNabb (1979). A
 separaté;study py Wasuwanich‘Q1984) using fresh and depulped‘e
nuts, showed théé total germination percent ng close to 60%
after three weeks. This result agrees with-fhose obtained
" for th; Thai source (abgg£;66%) in this study; The Perak

" source produced much lower results (45%).as cémpared'to

70-80% obtained by Yap and Wong (1983). The lower results

g
P
A

' B _
R . . » aut
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obtalned for the Perak source might be due to differences 1n>v
the degree #f maturlty, collectlon processxng, drying
procedures, Storage.conditions and age of the seed, all of
’whlch could reduce seed viability. .
. . / ‘ |
“f n, SeQeral reasons may account for the low percent

. germlnatlon obtained in this study:

il!!!

4

21 days which might be too short for all seeds tg@’”

(1) In this study, the duration of germination was on

o o .
germinate. Studies have shown that germination

! Gmellna arborea culminated after 30 to 40 days (Yap

and Wong 1983, Wasuwanich 1984). Comparisons between

ublished.reports ang results from this study cannot

be nade because age of‘nuts anc conditions of
‘germlnatlon were different.

(2) - ﬁﬂe Protective flap cover&ng each seed (see Fig, 1)
m1ght prOV1de another . reasip for the low germination
percent The process by whlch the flap opens is not

: understood Soaking for several days or drying in an

- oven for various time 1nterZals did not produce any
p051t1ve results (Bowen41980) The delay or fkefusal
of the flap to open and rg}ease the seed might have

- resulted 1in lower germlnatlon. It ig also suspected
sthat the flap preVented rap1d water up%eke by the

seeds which may ggaay or 1nh1b1t germination. Even

. if water were imbibed, by the seeds through the smalj
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‘hole in the central cav1ty of the(nut ‘seeds could

LA

not germinate fully due to possible 1nsuff1c1ent
oxygen supply and space for growth and expan51on. As
a résuit s%eds that had started actlve blochemlcal
act1v1t1es woula eventually die when the flaps
'remalned 1ntact The mi’hanlsm of Qowgthe flap opens
needs further investigatfon.

Another reason for the overall low germination

‘perCent might be due to low viability of the three

B %

sources. Fruits were collected and process$ed
differentlx and latar flown to Edmonton. Due to
variable conditiona under which the nuts were
exposed and stored, a high proportion of seeds
inside the nuts might have lost their viability. 'A
of nuts and storage conditions have been foun to be
critical factors affgct1ng germination performance
(Woessner and McNabb 1979, Yap and Wong 1983,

Wasuwanich 1984, Hellum and Wasuwanich 1984, Bonner

1983). Inadequate pollen shed and incomplete

fertilization might also contribute to the low
number and viabilit} of the seeds.

The pH of the germinating medium might also have
{fduced the germination.’ Peat moss is ac1d1c and may
not be faworable for germlnatlon of Gmelina anborea
2} has)been foqnﬂ’ﬁhat ;uts vith a ﬁermentlng

mesocarp, which is acidic, produced very low.

germination (Aminuddin and Zakaria. 1980, Wasuwanich

T
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.198£ 'Woessner and Mcﬁahb 1979). _The low pH of the
fermentlng mesocarp probably 1nh1b1ted germ1natlon
of the seeds. Nevertheless,.no study has been done
~on the sen51t1v1ty of Gmelina anOPea to different
’pH levels and this is an area for further

investigation.

5.1.3 SEED GERMINATION

¢ [

There were no sxgnlflcant differences in ‘germinatdion
among the three sources’ (Table 22) even though the Thai -
?source had 51gn1f1cantly smaller seeds than the Malay51an
‘sources (Table 19). Thus nut and seed 51zes did not affect
germlnatlon perfo;mance. It has also been p01nted out that
seed 51z1ng should not be used for seedllng productlon
because of possible reductlon in genetlcobase.and also
variability‘(Hellum 1976, Silen and Oosterhaus 1979).

The highest total germination,tfrom‘the'regression
equation;‘uas 77. 2% obtained at an optimum temperature of
"29 8°c. This is very ‘close to the temperature of 30°C
recommended by 'Bowen (1980) for best germination of Gmellna
aﬁbohea. Thaﬁrelatlonshlp between total germlhatlon and
temperature.showed that the ranée‘suitable forigermination"
‘was verj.harrow-and.specific for‘this“speoies, Asslight
shift from the optimum temperature (29.8°C) reduced the
total germination.significantly This study also indicated'
that Gmel ina arborea seeds can tolerate only short perlods

_of exposure to hlgh temperatures. To obtain maximum
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germination, temperature and thelduration of exposure m st.
be closely monltored Th1s studx,also showed that max ishpum
germlnatlon dropped to nearly 0% w1th1n a 10- 15° C range
around the mean (29 8°C). ; co
' Such germlnatlon characterlst1cs for Gmel jna arborea,
have great ecologlcal rnpl1cat10ns. The narrow range of
temperature tolerance for seed germ1nat1on may explaln the
restrhcted and 1solated dlstrlbutlon of the spec1es under
,natural conditons (Troup 1921r Brandls 1972)./ As pointed out
by several authors, germination response toftemperature can
1nf1uence surv1val and distribution of the spec1es greatly
‘(Townsend'and McGlnnles 1972, Thompson 1970 Mayer and
Poljakoff Mayber 1975, Koller 1972). A study on Gmelina
arborea showed that nuts transferred\ﬁrom shade condltlons
\to open sunl1ght produced a hlgher germlnatlon percentage
,(Amlnuddln and Ng 1982). The observatron m1ght be due to
changes’in temperature rather tha n just a llght effect as
oncluded in that paper. h
In thlS study germlnatlon was carrled out. under

constant temperatures whlle one would. expect temperatures to~
fluctuate between day and nlght under natural conditions.
From thrs study,\lt‘ls 1mp0551b1e to speculate whether L i&—
alternating temperaturesiwould affect the germination
response of Gmel ina arborea differently than did constant
temperatureé becauseﬁavailable literature could Support
either view'(Ellernfand,Tadmor‘1967, Young et alr 1981,
McElgunn 1974, Hafty and Bulter 1975, Hsu et al. 1985).

]

¥
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Since the spec1es is shade 1ntolerant and grows best in open
- areas, germlnatlon mlght be expected to® be best under

alternatlng temperatures. This is another interesting field -

for further investigation.
©
\’ 5.2 STUDY II

\.\/-\\ ) , . ' - . ;
‘ ¥ ' oo . ' ¥
5.2.1 LI GHT QUAL ITY AND IRRADIANCE -

i

The five lamp comb1nat1ons in this study produced
different”but overlapplng spectral comp051t10ns and
1rrad1ances (Flgure 14 ) As a result,iit‘is difficult to
determlne which 11ght guality was. the predom1nant factor and
which wavelengths contrlbuted most to growth The responses .
toward llghg'also change wlth.growth and age‘of p;ants

(Leopold .and Kriedeman 1975, Smith ‘1982, Walter 1979).

Wavelengths in thefred"600—700nm) blue (400-500nm) and

far—red'(700f800nm)9part' of the spectrum are the most
important‘for‘growth and de lopment (Meljer 1971 Sm1th

o

SON

1982, Morgan: et aT;'1983,'Yok esenskaya J979)./,he highest
proportion of red light was o Q

ained-under‘the
comblnatlon which had 3 sod1 i s_andvtheihighest .
progort;on of blue 1lght was obtained under the- 3MeH .
combination which‘had'3 Tercury lamps._The SM6I combination,
which had 1 sodium lamp,'1 mercury lamp and 6 incandescent
bulbs, produced the highest ﬁroportdon,of far—redvlight.
‘Table 34 shows that irradiances and the proportion of

red:far-red pnder each light treatment were not equal. The



differences in 1rrad1ance and spectral output were due to
different radlant eff1c1en¢;éé of the lamps, the materlals

uséd and thelr wattages.

. 4

lv

.

(

1
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A preliminary Co,-éxchange measurement was carried out

with five 20 day old Gmelina arborea seealings to determine

fhe light saturation level. Net assimilation was monitored

by differential infrared gas analysis (Infrared gas

analyzer-Model 865 Beckman Instr. Corp.);

indicated that light saturation level was between 700 to

@

1000 pmol m’zg". Thus,

‘Thevresults

~light treatments Weré:low for optimum -photosynthetic

potential of the plants. The differences in red fo far-red

ratio (zeta ratio) of the five light treatments also

influence the developmental processes of the plants.

Table 34..Light irradiances and red:far-red ratios

-

t

under different lamp combinations.

the igrradiance levels for the five

Light

Red: far-red Irradiances

Codes ratios - (pmol m-2s-"')
1. 3SON 2.51 462
2. 2S1M 2.43 420
3. 2M1S 2.21 394
4, 3MeH .2.07 374
5. SMeéeI- 1.24 356




T
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© PPFD
i % (umolm-2-7) “
: (1) 3SON 462 </
18 (2) 251M 420
(3) 3MeH 374
- (4) 2M1S . 394
: . (5) SMsl
16|

SPECTRAL PHOTON FLUENCE RATE (umol m 2 s ' nm~ 1)

goo 500 600 700 - - 800
WAVELENGTH (nm) |

Figqure 14. Spectral distribution of five light
treatments using different lamp combinations.

1. 3SON: 3 units High Pressure Sodium lamps. .

+ 251M: 2 units sodium + 1 unit metal halide.

. 3MeH: 3 units High Pressure Metal Halide lamps.
. 2M1S: 2 units metal halide + 1 unit sodium.
» SM6I. 1 unit sodium + 1 unit metal halide

o 6 units Incandescent Bulbs.

H.P. Sodium lamp #400W (SON/T Philips G/92/2)
H.P., Metal Halide=400W (HPI/T Philips G/92/2)
Incandescent Bulb=150W (Sylvania) '

+
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5.2.2 ROOT-SHOOT RATIO '

Root -shoot ratio,is an important factor affecting
survival of seedliﬁgs after outplanting. The distribution of
dry\matter getween‘the shoot “(leaves and stem) and the root
forms an important mechanism by which plants adapt to Fheir
environments; Planrs must therefore strik% a balance between
~the growth of shguﬂ and root so thiﬁ severe internal
vstresses are minimised. Under low 1lght plants produced

. larger but thinner leaves and had smaller root systems
(Bormann 1958 , Sasaki and Mori 1981)., Conversely, under.

" high light intensities, plants are known to'produced larger
root system compared to the shoot (Kozlowski 1949,
Steinbrenner and Rediske\1964). Leaf expansion, srem f

elongation and rate of pﬁetosynrhesis also vary under

different light qualiti%a;whimh in turn affect the |
root-shoot ratios. |
Differences in light quality in this study did not

'brﬁng agout differences in rootfshoot ratios in Gmelina

arbonea. Nevergheless, possrble differeﬁces could not be

ruled out because a widening divergence wag indicated
particularly after 48 days (Fig 7). The 60-day:test'period
might have been too short to produce any significantly.
different responses under the light treatments.

Plants under SM6I light generally groducedwlower
root-sheot ratios compared to other light treatments.

éIrradlance under thlS light was lowest at 356 umol m~*s™'

and was probably a reason which induced a greater allocatlon
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. of.dry matter for leaf production and less for root growth,
Another reason was probabf; d%e to the low red:far-red light
ratio (1.24) compared to other 1;ght treatments. A low
red: far- ted ratio induces greater allocatlon of dry matter
for stem»growth‘and elongation (Morgan et al. 1983, Holmes
et al. 1982, Axelson et al. 1979). Thus a greater amount of
dry matter was distributed to ao:be gtound‘hﬁowth and this
resuited-in lower root-shoof ratios. |

Higher root-shoot ratios were obtained under 3MeH
compared to 3SON light even though no statistical
A51gn1f1cance was demonstrated. 3SON light produced plants
with generally lower root- shoot ratios paE:;E:}arly after 24

454 umol

m-*s-') than 3SON light (462 pmol m~%s/'). In this case,

days. Light irradiance under 3MeH was ;ower\
higherrgxradiance did not produce higher root-shoot ratios
~as expected: Io term of light quality, %SON light had a
higher proportion of red light which promoted leaf growth
and expansion (Axeléon'et al. ﬁ9?9, Erner et al. 1972).
Under 3MeH li?EE, which had a higher amount of blue light,
shoot and height growth were also inhibited to some extent
(Gaba and Black 1983, Meijet‘197i, Erez and Kadman-Zahavi
1972). Thus the differences in root—shoot ratios between
350N and 3MeH were influenced more by different light
"qualities rather than itrediénce. With larger leaf and shoot
growth under BSON’light,,root—shodtratios were lowet than

under 3MeH light.
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The results‘indjqated thatlunder equal energy input,
3SON liqpt (more red light) would produce'lower rootishoot
rat}os than 3MeH light (more Blue light). The results of
this stu also‘agree with those found by'Warrington and
Mitchell (197%) where root-shoot ratios of seedlings were
lowest unfler red-biased iightband highest under blue-biased
light. They also fodnd that root—shoot'ratids were generally

higher under high irradihnce as compared to low irradiance
g g : : A

lévels. .
Over the 60 day of growth root-shoot ratios changed
rapldly in a 51mllar trend under'all light treatments (Flg

7). It has also been suggested that the rapld chan@& @4

1970, Kramer-et al. 1960)“ Such developmental patterns allow
" the seedllngs to pass mest rapidly through any cr1t1cal and
-vulnerable Stages of growth. In this case, a hlgh proport1on
of dry matter wasflnvested in photosynthetic tlssue
production which caused a rapid‘droplin root-shdot ratios.
'Follow1ng 1ncreased leaf areas and carbon synthe51s, the
plants then shlfted back to higher root. grﬁwth as ;ndlcated
by 1ncrea51ng root shoot ratios after about 36 days (Flg

7). | o

Seedlinds with higher root-shoot ratios are preferred
for outplantiﬁg so that sur&ival and growth may be improved
(Lopush1nsky and Beebe 1976). A higher root-Shoot ratio
1nd1cates greater root b1omass and also better rooting

potential. The ability of the root system to grow rapidly is
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equally important Lhen outplanted. In this study, the
results showed that root shoot ratios 1ngreased more rapidly
under 3SON, 2S1M and' 2M1S llghts thanﬁsnzpjhnd SM6I lights
‘after 48 dayps (Fig Z). The more rapid’ 1ncrease in
root-shoot ratios under 3SON,. 251M and 2M1S lights was’
probably due to the higher red light cbntent. Red light

prdmotes shoot and leaf growth which, in time, also leads to

greater dry mitter for root growth. N

. . R - .
’ |

523 ROOT~ OLLAR\/’DIAMETER AND SHObT HEIGH’i’
Root-cpllar diameter and shoot height are closely
related and are discussed together. There were no
51gn1f1cant dif{erences in root- -collar diameters amang light
treatments (Table 27) Shoot,height under SM6I light,showed
51gn1£1cant differences from other lights except on day 60.
This was prdbably'because the seedlings were already too
‘close to the lamps (about 30cm away): and the effects of heat
had reduced height growth Other reasons. for such growth
' characterlstics under SM61 light were probably due to the
low red:far-red light ratio an® also the low irradiance.
Under SM6I light, red:far-red ratio was lowest at 1.24
.and therefore shoot growth was greétly promoted. There were
no significant differences among other light treatments
probably because the differences in red:far-red'light ratios .
-were not large ehough. Another reason was probably due to
the low irradiance under SM6I light which prdmoted-grea;er

height growth ?hotosynthetlcally active radiation (PAR) was

o/
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r
356 umol m-?s”' under SM61 light, which was lowest compared

to the otheréf‘Plants under such light conditions allocatéd
a greater proportion of their.dry matter for height growth
Eand less for diameter and root growth. This was indicated by
generally lower values in root-shoot ratios and also
root-collar diameters under SM6I light. Simiiar experiments
with incandesceﬁf bulbs also produced seedlings with thinner
stems and longer internodes (Garner end Allard 1931, Withrow
and Withrow 1947).‘

The results sboﬁed that height growth was geherally
taller under 3SON (moré red light) thén under 3MeH (more
%lue\iight). Shoot height was also reported to be tallest
deer re&-biased light and lowest under blue-biased light«by
W%rrington and Mitchell (1976). The amount of blue light
u%der 3MeH appeared to have a stronger effect than the

ﬁ\x/;ed:far—red'ratio on height g;owthc This. was becausé the
lower red:far-red light'ratio of 2.07 under 3MeH did not
produce taller plants‘than 3SON light which had a higher
ratio of 2.51. In this‘case; the differendes ih red:far-red
ligbt ratiés might be too small to cause any effect or the
ratios had reached a saturation level which no longer
affected height growth. Roqt-collar_diameters were_genefally '
larger in all intervals under 3SON light compared{to 3MeH
-light even though no statistical significances w;ie

detected. This was due to the more rapid growth of above

ground biomass under 3SON than 3MeH.
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The Thai seedljnés]generally hgé smaller root-collar
diameters and less ﬁeight Qrowth than the plants from
Malaysia given similar growth conditions. Thesé differences
cannot be egpléined but may be related to djfferences in
genetic origins and climétes. There weré no differences

between sources from Perak and Sabah.

5.2.4 DRY WEIGHT AND LEAF AREA

| Total dry weight and total leaf area are cloéely
related and are discussed togeﬁher.‘Dry weight production is
influenced by the photosynthetic leaf areas and net
assimilation rates of the plant. Expansion of leaf'érgg in
turn provides larger‘surface area for photosynthesis and dry
‘matter production. Leaf areas were linearly correlated to
~dry weights. Data scattering increased with increasing plant
size which was particulariy clear aftef.48 days of growth.
The increase in scattering was probably due to the gradual
appearence of growth responses and characteristics under
different light conditions over time,

A rapid increase in leaf area and dry wefght_was
obtained under 3SON (most red light) after 48 days. Leaf
growth and expansion were greatiy promoted which allowed
greater energy capture and carbohydrate formation thfoughu
photosynthesis. The increase in carbon syntheéis in turn
increased the total dry weight of the plants. Red light
generally produces greater plant dry weight (Arthur and

Harvil 1937, Stevenson and Dunn 1965, Dunn and Went 1959,

/
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Morikawa et al. 1976). ngrington and Mitchell (1976) also
found that dry weiqpt‘gf seediings was at least twice as
large under red-biased light ébmpared to blue-biased light.
Leaf areas increased up to 20 times when réd—light was added
to white light (Axelson et al.:1979). Red-light has also
been”found fo pfomote carbohyd;ate synthesis-in plants
(Warrington and Mitchell 1976, Voékresenskaya 1967, Szasz
and Barsi 1971). | .

Plants under 3MeH (most blue light) generally proauced
less leaf area and dry weight compared to 3SON light. This
was probably due to the lower amount of red light in th;
3MeH light treatment. The higher blue light content probably
also had’an inhibiting effect on shoot and leéaf growth as

suggested by Gaba and élack (1983) and Meijer (1971).

| There was significantly lower dry weight and leaf area
under SM6I light compared to 3SON light after 60-day of
gréwth. A widening divergence was indicated in both '
parameters particularly after 48 déys. The low values
obtained under SM6I light were probably due to unfavorable
l}ght qualities for leaf expansion and the low light
irradiance. As a result, energyicapture and photosynthesis
were reduced because of smallerlleaf surface areas.

The distribution of dry weight of leaves, stems and
roots showed similar patterns among the five light
treatments (Fig.'105. The préportion of dry matter allocated

to the leaves decreased steadily from about 65% to 50%. This

indicated a high ifivestment in photosynthetic tissues during



93

’

»

the eariy stages of growth which was neccessary for rapid

carbon fixation. As the seedlings grew, more of

photosyntates were allocated for stem and root growth which

were needed to increase strength, support and translocatibn. ’/
Values quoted fdr young'conéfers (age not stated) in a study-

@

from 50% to 60% of total weight.

by Ladcher (1980) also showed green mass (leaves) ranged
T;he proportion of stem dry

matter increased steadily from §bout 15% to 30% over the

growing periods. Because Gmelina arborea is a tree, it is

'expg%ted that the proportion of stem™Weight should increase

-

preferéntially as the plant matures. The proportion of root
dry weight also chafiged overtime as indicated by the
root-shoot ratios. It depends*&ery much on the environment
and the water requirement of the above-ground biomass.
According to fiqures quoted by Larcher (1980) for evergreen
mature trees of tropical and subtropical forests, the fina2
distribution of dry weights was about 2% for leaves, 78-88%
for the trunk and 20-10% for roots. Results of this study
i’icatéd a steady decrease in the proportion of leaf dry

weight and a steady increase in stem dry weight.

5.2.5 RELATIVE GROWTH RATE AND NET ASSIMILATION RATE

# Relative growth rate (RGR) is a funcfion of .net’ -
assimilation rate (NAR) and leaf area ratio. NAR indicates
the photosynthetic efficiency of the leaves and measures the
rate of increa§p‘inldry matter per unit leaf grea. Leaf area

ratio measures the leaf area per unit dry matter of the



. :

: plant. RGR 1nd1cates the overall growth rate of the whole

' plant and measures the ratefof 1ncrease 1n dry matter per’-
‘;junlt of 1n1t1al dry matthr of the plant.lIn order to ach1eve
a hlgh relatlve growth rate, plants need a hlgh |

-fphotosynthetlc efflcency and also a large leaf area.‘v

In thlS study, RGR and NAR did not show any s1gn1f1cant

°d1fferences among test seedllngs grown under dlfferent llght

treatments. The relatlve growth rate seems to follow a

i

51m1lar trend to the ‘net a551m1lat10n rate (Tables 32 and

. 33) The rap1d decrease in NAR over the first 30 days of

growth under all llght treatments was due to rap1d 1ncrease
‘1n leaf\areas durlng early growth ngh leaf expan51on and

1growth were needed for photosynthe51s and carzon productlon.
There were 1nd1catlons of w1den1ng dlvergences among plants

ubunder dlfferent llght treatments partlcularly after 42 days.

Two 1lghts (3SON and SMGI) produced contrastlng trends after

thlS period even though statlstlcal 51gn1f1cances were not
~.demonstrated. NAR 1ncreased rapldly and was hlghest under
BSON l1ght by day 54 but it was lowest under SMGI 11ght

The rapld 1ncrease in NAR under 3SON llght after 42

~

days was probably due to 1ncreased carbon demand for root

!

fgrowth and leaf expan51on. In the f1rst 36 days,

* |

'«labove ground blomass 1ncreased more rapldly than root

'kblomass as 1nd1cated by decreas1ng root shoot rat1os (Fig.
7). After thlS perrod - a Shlft in blomass to root growth was
shown by 1ncreas1ng root shoot rat1os.'Expan51on of root.was

!yto increase support and water and nutrlent uptake to the

-

3

]
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erpanded above-ground biomass. At the same time, leaf areas
also expanded rapldly in order to maximise energy capture
for carbon prodUCtlon The net: result was an overall rap1d
1ncrease in dry weight (Fig. 9) with largest leaf areas.and
hlghest NAR by day %0 . o
Under SMGI llght NAR decreased sharply after day 42

and was lowest among the 1lght treatments by day'54. Such a
tdecrease was probably due. to the ‘'low content of redylight,
‘under SMGI wh1ch was lacking to promote leaf expansion and
also the low irradiance which was 1nsuff1cent for effectlve

' photosynthesls. As a result the rate of dry welght 1ncrease
“iialso decreased after 48 days and was the lowest among light

‘treatments by day 60 (Fig} 9). -
NAR 1n this study ranged from 25 to 55 mg dm- *g-"
' Larcher (1980) also quoted s1m1lar ranges for troplcal and
‘subtropical cultlvated;plants with rates durlng the main
‘grow1ng season ranging from 30 to 50 mg dm 2d- ', Jarvis and -
’Jarv1s (1964) presented data for max imum NAR of most woody
plants from about 30 to 70 mg dm- ’d' . Okal1 (1971) also
jfound NAR ranglng from 20 to- 70 mg dm-?*d""' for four'tropical/
yforest tree seedllngs in ngerxa RGR in thlS study ranged
’:from 0.05 to:0.15 g g'fd". Oka11 (1971) found RGR ranglng
'from 0.02 to 0.10 g é“‘d:‘ and Jarvxsvand_Jarvrsx(196Q)
quotedvyaluesfor'tropicallspecies from 0.02 to 0.l2j§',o
- g"diﬂ. Howevery_comparisons of any results’must be made
.with caution because conditions of’orowth.and;age”of
seedlings;tested were different and can Vary‘significantly.'

|

"N\\' 5
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6. CONCLUSIONS AND RECOMMENDATIONS

/ 6.1 STUDY 1

%

I8

6.1.1 CONCLUSIONS = .

(1)

(2)

(3)

affect germination performance.

e“There was no germlnatlon at constant temperatures
{ . :

‘ below 18° C or above 41;5°C. "’AA

‘performance among’ seed sources in thlS study,

‘ NUts from Perak and Sabah'were'significantly larger‘

(both in length and diameter) than the Tha1 source

(P$0;01 level). The dlfference in sizes did not

\

';The optimum constant temperature for total

getmination‘was 30°C and for the most rapid.

<

) lgerminative rate, it was 33°C Total‘germination atﬂ'

30 C was 77.2% -and the germlnatlve rate at 33° C. wast

v ¢
.4,:)\ L

2.5 days.

6 1.2 RECOMMENDATIONS

(1)

In order to achieve highest total seed germ1nat10n

- in Gmel ina anonea, an incubation constant

\»temperatdre of 30°C shoula.be used[ judging by this

study.
Seedé,could not tolerate constant temperatures above
41.5°C. Therefore, care should be taken not to

£

i
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~expose the seeds or nuts for too long to

temperatures above 41.5°C.

Further investigaton should be carried odt to
determine the mechanism by which the flaps of the
nuts protecting the seeds open. Further study should
alsovbe‘carried out to examine the sensitivity of

Gmel ina arborea seeds to alternating day-night

tempeatures and to different pH levels.

6.2 STUDY I1I

6.2.1 CONCLUSIONS

(1)

(2)

(3)

There were ho significent differences among

seedlings’ grown under ifferent light treatments in
root-shoot ratios, ropt- collar dlameters, relative
growth rates and net assimilation rates in this

study. Nevertheless, 1nd1catlons of w1den1ng

‘divergence were observed between high red llght and

low-red llght for all indices partlcularly after 48

days of rearlng..

' There were significant but varlable dlfferences

among seedllngs grown under different llght

treatments in shoot heights, dry weights and leaf

~areas over the 60 days of growth.

The 3SON light with 3 sodlum lamps was most su1table‘
for the production of seedl1ngs up to ‘60 days old

Seedllngs showed rapld increases in root- shoot
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ratios, root-collar growth, heightvgrowthh,leaf and
dry weight increment af;e 60-day of rearing.

Relative growth rages and/net assimilation rates
were also highest by day 60. The SM6I light (1
sodium lamp, 1 mercufy lamp and 6 incandescent
‘bglbs) éave rise to tallest seedlings but
root-collar diameters were relatively small.

- seedlings under SM6I light also had lowest
‘root-shoot ratios, roothoilar diametefs, total dry
weights, ﬁotal leaf areas, relative.groﬁth rates and
net assiﬂilation rates by day 60.

(4) The Sabah and Perak seed sources g}ew significantly
larg;r seedllngs than the Tha1 source. Even where

dlfferences among sources were not 51gn1f1cant the

Thai source generally produced the lowest values.

-

6.2. 2 RECOMMENDATIONS

(1) In order to produce seedlings for outplanting under

) ‘artificial light, high pressure sodium lamps should -
“be used Seedlings grew rapldly and indicated high
potent1a1 for establlshment ‘after 60 days. -

(2) - The Malaysian (quah or Perak) sources grew more
rapidly than.the Thai source. Thqy'wouldutherefbre

v.éppéaf to be the better chO?Ees for reforesfation

:where applicable. |

(3) ~ For future Sthies of this kind, all light

~
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'treatmehts”shoﬁld be adjusted tqrprodqu equal-iight
irradiances. The duration. of growth should Se
extended beyond 60 dé?s‘becauSe most plants oniy
‘began to show significant divergence in their gtowtb
responses after 48 days. It is also recommended that
seédlings produced in nurseries-should be grown for
more than 60 days to reach optimum plant sizé.for'

‘either direct planting or stumping.
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