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ABSTRACT

Restoring forest ecosystems by tree planting requires production of a planting
stock, on a large scale, of a very wide range of indigenous forest tree species. Many
of these species have proved difficult to propagate from seed, due to long dormancy
periods or seed production too late for seedlings to grow large enough by planting
time. The aim of this study was, therefore, to investigate how to improve propagation
of native trees for forest restoration, based on an understanding of their reproductive
ecology. The study included development of new techniques to germinate the seeds
of 30 indigenous tree species, of potential value to forest restoration, but which had
not previously been grown in nurseries. Seed germination in the nursery was
compared with that of seeds sown in a forest gap, where the effects of seed predation
were also investigated. For 10 species, with limited seed germination, vegetative
propagation of was investigated using a novel non-mist system to propagate leafy
stem cuttings, testing various chemical treatments to induce rooting. In addition, the

seasonality of production of seeds and material for cuttings was investigated. The
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aim was to examine whether knowledge of the reproductive ecology of native tree
species could be used to predict which horticultural practices are likely to result in

successful propagation.

The phenology of 32 forest tree species was recorded monthly over 12
months. Leaf fall occurred in the dry season, in response to declining soil moisture,
whilst flushing occurred in the dry to early wet seasons. Most species (60%) flowered
in April (hottest, driest time of year), when leafless or flushing with young leaves.
Fruiting peaked in September (75% of species), whilst seed dispersal occurred over
the late wet season to early dry season (August-January) (more than 50% of studied
species). Consequently, most species required lengthy dormancy periods, to survive
the dry season and germinate in the rainy season. Therefore, in order to accelerate
seedling production in the nursery, treatments to break dormancy had to be

developed.

Consequently, experiments to increase and accelerate seed germination were
carried out on 30 indigenous forest tree species. Seven pre-treatments were tested to
promote seed germination. Scarification increased seed germination for Acrocarpus
Jraxinifolius, scarification + soaking for Afzelia xylocarpa, scarification alone and
scarification + soaking for three species (Albizia chinensis, Elaeocarpus lanceifolius
and Sindora siamensis), and scarification and/or acid treatment for 3 minutes for
Cassia fistula. Accelerated and more synchronous germination was achieved for
three species (Acrocarpus fraxinifolius, Albizia chinensis and Cassia fistula) because
of the treatments. Despite low germination percentages (38-47%) ten tree other
species might still qualify as potentially useful for forest restoration, due to other
attributes, such as high growth rate in containers or good field performance. On the
other hand, germination of Betula alnoides, Ficus hirta and Schleichera oleosa, were
unacceptably low for all treatments (< 20%). Therefore, other seed pre-treatments or

alternative propagation systems must, therefore, be considered for these species. The
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remaining three species had intermediate germination (dfzelia xylocarpa,

Elaeocarpus lanceifolius and Sindora siamensis).

Shade dependence for germination and early seedling development would
make a tree species unsuitable for forest restoration in open, degraded sites.
Therefore, germination experiments were replicated in deep shade. Shade-
dependence was found only for one species, Elaeocarpus lanceifolius. Shade-
tolerance was demonstrated for eighteen species. Only seven species were shade-
inhibited. However, four species produced mixed results. ThlS indicates that very few
tree species will be unable to grow in open degraded sites due to strong sunlight. It
raises the possibility of planting pioneer and most climax tree species together in a

single step for restoring forest to degraded sites.

To determine the influence of nursery conditions on germination and to
investigate the possibility of direct seedling as an altemative to planting seedlings,
seed experiments were also replicated in a forest gap. Fourteen species (47%)
germinated better in the nursery than in the gap, five species germinated better in the
gap than in the nursery and eleven species showed no difference in germination
between nursery and gap. This indicates that nursery conditions generally enhance

germination above natural levels.

The impact of seed predation on seed germination in the forest gap varied
among species, with seed size and seed coat. The mean number of seeds removed
was highest for Eleaocarpus prunifolius, Irvingia malayana, Reevesia pubescens and
Terminalia chebula. Seven native tree species with high and rapid germination in the
gap and no seed predation were identified as suitable for direct seeding. Except for

the small seeds, burial did not seem to protect seeds from predators.

Some associations were found between ecological parameters and best

treatments to break seed dormancy. Pre-treatments brought about significant
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improvement in germination of seeds with thick integuments {(p=0.001), large and
medium seed size (p=0.028) and seed dormancy (p=0.017). Prolonged dormancy was
significantly associated with better seed germination under gap conditions (p=0.004)
and with thick integuments (p=0.024). Better seed germination under nursery
conditions (compared with the gap) was significantly associated with the small seed
size group (p=0.0024) and thin integuments (p=0.016). Heavy seed predation was
strongly associated with large seed size group (p=0.004) and thick integuments
(endocarp) (p=0.040).

The effects of various hormone treatments on leafy stem cuttings varied
- among the species tested. Only five of ten tree species achieved a maximum of 60%
or more cuttings developing roots. Seradix #3 produced the best results with
Debregeasia longifolia (68%) and Saurauia roxburghii (65%). IBA 3000 ppm
produced the best results with Ficus superba (72%) and IBA 8000 ppm produced the
best results with Colona flagrocarpa (63%). Also, Morus macroura cuttings (90%)
grew roots most efficiently without any hormone treatment, with the non-treated
control cuttings producing the highest success ranking scores. Unlike pre-treatments
to promote seed germination, the chemical treatments to improve vegetative

propagation showed no significant associations with ecological variables.

Relationships among ecological variables and best horticultural practices are
clearly complex and will require further research, if useful, predictive models are to

be developed.
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CHAPTER 1
Introduction and Literature Review
1.1 Deforestation in Thailand

Forests, especially tropical forests, play a very important role in many countries’
economic development and also in global environmental protection. Tropical
forests contain a substantial portion of the world’s biological resources, richness
and diversity. Hence, they are often called a treasury of biological resources.
Although tropical forests contain many important natural resources, they have been
widely degraded throughout the world. Deforestation means the clearing of forest
from large tracts of land, which consequently remain unforested, either as barren
land or as agricultural cropland (Bruenig, 1996). Deforestation has accelerated
considerably in recent years. Vast areas of tropical forests have been lost in the last
40 years, mainly due to the activities of the developed countries (Miyamaki, 1993).
Deforestation has been caused by many factors, including increased human
population density, infrastructure development, the establishment of settlements,
illegal encroachment and logging, shifting cultivation, the migration of poor
people, erc. Deforestation causes climatic change, global warming (or the green-
house effect), soil erosion, degradation of watersheds, losses of biodiversity, efc.
(Bhumibhamon, 1986; Miyawaki, 1991; Godt and Hadley, 1991; Elliott, ef al..,
1996; Hau, 1999).

Like many rapidly developing tropical countries, Thailand has experienced
extensive deforestation, despite a ban on commercial logging since 1989 (FORRU,
2000). Illegal logging has been a problem for decades and still continues. However,
the ban on commercial logging has helped to slow the rate of destruction (FORRU,
2000). The main causes of deforestation in Thailand, include; illegal logging,
agricultural expansion and various development projects (Bhumibhamon, 1986),

such as construction of infrastructure (roads, dams, resorts, efc.) (Elliott, 2001).



The productive forest area in Thailand was 58% of the total land area in 1959
(Bhumibhamon, 1986), but has now declined to 22.8% (FAO, 1999).

Thailand is divided into 4 geographical regions, comprising the central region,
western region, southern region and northern region. The trend of forest depletion
has differed among the regions (Bhumibhamon, 1986). In 1995 the remaining
forest area in Thailand was officially 131,485 km?® or 26 % of the total land area,
although even in 1992 it was considered to be closer to 18% in reality
(Leungaramsri and Rajesh, 1992). The country now has only about 18% forest
cover, compared with 53% in 1961 (Elliott et al., 1996; Kamyorng, 2000), while
Maxwell estimated forest cover to be about 15% (Maxwell, 1999). The lowest
estimation was approximately 13% of the country (Blakesley er al., 2000). The
impacts of deforestation on the human population and environment of northern
Thailand include; ecological effects (climate changes, soil condition, soil erosion,
siltation and water balance) as well as economic, social and political effects

(Bhumibhamon, 1986).

Although most remaining forest is located in the northern region of Thailand, the
forest area bas been reduced from 68.5% or 116,275 km* of the region in
1961 to 43.6% or 73,886 km® in 1995 (FORRU, 2000). In particular, destruction
of upper watershed forests is caused by unsuitable land practices (Svasti, 2000).
The regional rate of deforestation is approximately 0.9% per year (FORRU, 2000).
The consequences of deforestation are particularly serious in the north (Svasti,
2000}, as streams dry up in the dry season and rivers become choked'_ with silt,
especially in March and April. In 2002, most provinces in northeastern and
northern Thailand lacked water for agriculture and drinking. In August 2001, flash
floods and mudslides occurred in the rainy season, in Lom Sak district, Phetchabun
province and there were unprecedented flash floods and mudslides in northern
Thailand. Seventy-eight people were killed and 70 went missing. Seventy houses

were totally destroyed and about 200 others were partly damaged. A total of 6,880



people were affected and more than 12,000 rai of residential land and 11,000 rai of
plantations were damaged. Hundreds of million baht were spent in helping the
flood victims, as well as those in Chiang Rai and Chiang Mai (The Nation, August
12, 2001).

A similar event happened in southern Thailand in November 1988 in Nakhon Si
Thammarat province. Two hundred people were killed, 300 houses were buried
under sand, and hundreds of fruit trees were knocked down by mudslides from the
surrounding hills (Rao, 1988). Furthermore, there was extensive damage to
watersheds, loss of biodiversity and impoverishment of fural communities (Elliott
et al., 1995 in Blakesley et al., 2000). The Thai government and private
organizations have undertaken many ways to solve this problem by designating
forest reserves, reforestation, forest restoration, protecting forests against fire and

providing artificial rainfall dams, ezc. (Phonesavanh, 1994).

In Chiang Mai, the forest area has been reduced from 93.3% or 16,750 km? of the
total land area in 1961 to 70.8% or 14,233 km®> in 1995 (Kamyomg, 2000).
Satellite images revealed that the area deforested more than doubled in just ten
years from 3,235 km® in 1975 t0 6,513 km® in 1985 (GRID, 1988). Forest covered
about 14,060 km” or 69.96% in 1998 and the rate of forest loss averaged of 0.28%
per year (RFD, 1998). The main cause of deforestation is shifting cultivation or
swidden agriculture of tribal people, home land for the accelerated growth of
human populations rates, and development projects (Bhumibhamon, 1986; Svasti,

2000; Elliott ef al., 2000).

To help protect remaining forests, the government has established an extensive
system of national parks. For example, Doi Suthep-Pui National Park plays a vital
role in protecting the economic and natural resources of the Chiang Mai province,
although nearly 60% of the park has been deforested (Elliott, 1994). In 10 years,
between 1975 and 1985, forest cover in the park fell from 225.34 km? or 86% to



148.98 km? or 56.7% (Elliott, 2001). The causes of deforestation, include; logging
in the lowlands, clearance of land for agriculture, urban sprawl, various tourism
development projects, establishment of government offices and construction of
infrastructure (roads, resorts, efc.) (Elliott, 2001). Although Doi Suthep-Pui has
lost several species, it still retains a diverse flora and fauna of great scientific and
educational value (Maxwell and Elliott, 2001). Its biodiversity includes at least
2,247 vascular plants species (Maxwell and Elliott, 2001), of which 1,116 are trees
(CMU Herbarium Database, 2002), 150 mammal species, 383 birds, (Lekagul &
Mc Neely, 1988; Round, 1988; in FORRU, 2000), 500 butterflies, 300 moths, 28
amphibians and 50 reptiles (Pinratana, 1977-85; Banziger, 1988; Nabhitabhata,
1987 in Elliott, 2001). Doi Suthep-Pui National Park must now serve many
functions. It is a refuge for wildlife, a religious and cultural centre, a watershed
protection area [that feeds the Chao Phraya River and irrigates rice fields of the
central plains and supplies water to the nation’s capital (Elliott, 2001; FORRU,
2000)], a tourist attraction and a site for recreation, education and research (Elliott,
2001).

1.2 Reforestation in Thailand

In consequence, many areas of degraded forestland now require forest restoration.
Forest restoration refers to the planting of a wide range of native forest tree species
to restore degraded areas, to recover original levels of species diversity, ecosystem
structure and ecosystem function that have been partially or totally destroyed.
Forest restoration is one specific form of reforestation. The term reforestation
refers to planting any tree species, and includes plantations, social forestry and
agro-forestry (Elliott, 2000). In 1906, the first plantations in Thailand were
established by Governmental organizations. At first only teak was planted in
association with upland rice or so-called agro forestry (Bhumibhamon, 1986).
Since then the Royal Forest Department has successfully established plantations

with a total area in 1984 of 4,918,332 rai. The RFD also promotes tree planting



campaigns for specific occasions i.e. the King’s birthday, Queen’s birthday, etc. In
1961, the Army Mapping Department made the first forest map, used for planning
the establishment of conserved forests and for logging operations and reforestation
programs (Bhumibhamon, 1986). For instance, since 1968 up to 1982, The Forest
Industry Organization has been actively engaged in tree planting programs totaling
50,176.60 ha (Bhumibhamon, 1986), The Thai Plywood Company has planted
about 2,700 ha, efc. However, most reforestation projects used single tree species
for instance teak, pine and eucalyptus for the production of timber. They are not so
useful for the conservation of biodiversity (Karimuna, 1995; Elliott ef f, 1997). In
1994, for the first time, a wide range of native forest tree species began to be
planted for forest restoration for conservation by both the government and private
organizations, to celebrate the Golden Jubilee of His Majesty King Bhumibol
Adulyadej (Hardwick, 1999). Karimuna (1995) suggested that a pine plantation can
be used for the early stages of regeneration, but after that, the pines should be
selectively thinned to allow other tree seedlings and saplings to grow naturally.
Various forest restoration methods have been developed, for instance, the
accelerated natural regeneration (ANR) (Jensen and Pfeifer, 1989), the framework
species method (Tucker, 2000), and the accelerated pioneer-climax series method

(APCS) (S61, 2000).

Sometimes, it is not necessary to plant trees to restore forests, Accelerated natural
regeneration (ANR) is a technologically simple and cost-effective approach to
forest restoration (Jensen and Pfeifer, 1989). ANR is practiced on a small scale by
non-governmental and com_munity organizations in Thailand (Bangkok Post, 1994b
in Hardwick, 1999) and the Phillipines (Dungan, 2000). ANR can be used for
watershed protection and conservation, agro forestry or timber production
(Hardwick, 1999). Hardwick studied tree colonization of abandoned agricultural
clearings in a seasonal tropical montane forest on Doi Suthep. Success at each
stage of the colonization process was strongly influenced by seed size.

Colonization was Jargely restricted to species with medium sized seeds of between



2 and 14 mm. Tree species were divided into three seed-sized-based functional
groups, characterized by different critical Stages (where colonization was likely to
be blocked) and inhibiting stages (where the probability of colonization was much
reduced). The critical stage for small-seeded species was recruitment. Seeds were
dispersed prolifically to the clearings but failed to develop into seedlings. Medium-
seeded species had no consistent critical stage. The critical stage for large-seeded
species was seed dispersal. This group was also limited at the fruit production stage
as many large-seeded species fruited supra-annually, so in some years no seed was
available to start the colonization process. For the few large seeds dispersed into
* gaps by animals, levels of recruitment and first year establishment were high.
However ANR can only work with the trees that are already established in
deforested areas (Elliott, 2000). Hardwick ez al. (2000} suggested that there were 4
groups of potential limiting factors that must be overcome by ANR techniques
namely: i) disturbance, ii) site resources, iii) weed competition and iv) plant and
propagule availability. One of the main problems with ANR is that only fast-
growing pioneer trees with small or medium sized seeds, that are easily dispersed,
colonize degraded areas. To restore the full tree community, some tree planting is
inevitable, since the complete forest tree community includes large-seeded tree

species too (Elhott, 2000).
1.3 Forest Restoration in Northern Thailand

The Thai government has recently embarked on a nation-wide project to restore
forests to degraded areas (Elliott et al., 1995). Traditional methods of intensive
plantation forestry are employed, but now mixtures of native species are used
instead of the previous practice of planting monocultures of pine, teak or
eucalyptus (Elliott er al., 2000). Tree seedlings are raised in nurseries, then planted
out in degraded areas (Elliott ef al., 2000). These days, native forest trees are

recommended for reforestation projects. Restoring forests by planting a wide length



of natjve forest trees species can help promote biodiversity (FORRU, 2000; Svasti,
2000; Elliott and Anusarnsunthorn, 2001).

1.3.1 Conservation of Biological Diversity

Biodiversity is the property of groups of living things to be varied from each other.
It includes diversity of the biotic components of ecosystems at all levels of
organization, such as genes, species, populations and communities, (Palmberg-
Lerche, 1993; Bruenig, 1996). Biodiversity has several different types of values,
which are often difficult to quantify in standard economic terms, including
products, ecological services, esthetics and tourism and cultural values (Palmberg-
Lerche, 1993; Bruenig, 1996). High biodiversity and complexity hinder attempts to
recreate natural forest ecosystems in the tropics. Any individual forest type
contains not only several hundred tree species and wild animals but also a wealth
of other species, each of which may have evolved intricate relationships with
hundreds of other organisms (Palmberg-Lerche, 1993; Blakesley et al., 2000). The
concept of conservation, outlined in the original World Conservation Strategy,
“The management of human use of genetic resources so that they may yield the
greatest sustainable benefit to present generations, while maintaining their potential
to meet the needs and aspirations of future generations” (Palmberg-Lerche, 1993;
Bruenig, 1996). Therefore, conservation deals with biological interactions among
plants, animals and micro-organisms and physical elements of the environment
(Palmberg-Lerche, 1993; Bruenig, 1996; Rashid, 2000; Blakesley er al., 2000;
Elliott and Anusarnsunthorn, 2001).

1.3.2 Rationale and Approeach
Forest restoration is mostly aimed at rehabilitating degraded areas for the

conservation of biodiversity (Elliott er al., 2000). These natural assets are

permanently renewable if wisely conserved. Improvements in economic status and



human welfare cannot be sustained unless the conservation of these living
resources is specifically drawn into the process of development (Bruenig, 1996).
Forest restoration and wildlife conservation can contribute to sustainable rural and
national development (Bruenig, 1996). One way to achieve this might be to
complement natural regeneration by planting native tree species that grow rapidly
and attract seed-dispersing animals into planted areas (FORRU, 2000; Svasti,
2000). Seed dispersal is one of the most important ecological services carried out
by wildlife in restored areas (Elliott, 2000a). Seed dispersal by wildlife, especially
birds and bats, attracted by the planted trees, would disperse the seeds of other,
non-planted tree species into replanted sites and thus accelerate the recovery of
biodiversity (Elliott er al., 2000). Furthermore, wildlife carries out many other
ecological functions that help the process of forest restoration. Birds and bats
pollinate flowers, soil invertebrates improve soil texture and help recycle nutrients,
and a diverse range of wildlife species are involved in biological control of pests

(Elliott, 2000a; Elliott and Anusarnsunthorn, 2001).
1.4 Restoration in Doi Suthep-Pui National Park

The Forest Restoration Research Unit (FORRU) was established in 1994, to carry
out research to reforest degraded areas. It is a joint initiative between Chiang Mai
University and Doi Suthep-Pui National Park (under the Royal Thai Forest
Department) which adjoins the university campus (FORRU, 2000). The aim of the
unit is to develop effective methods to complement and accelerate natural forest
regeneration on deforested sites within conservation areas, to increase biodiversity
and protect watersheds (FORRU, 1998). With more than 1,100 tree species
growing naturally in northern Thailand, it would be impossible to grow and plant
them all. Forest restoration projects cannot replant all the tree species that might
once have grown on any particular site, but it can aim to achieve similar levels of
biodiversity and ecosystem structure and function that was present in the original

forest ecosystem (FORRU, 2000). Since 1997, FORRU has been developing and



adapting the framework species method of forest restoration. This technique
involves planting mixtures of 20-30 native forest tree species that rapidly shade
out weeds and attract wildlife (Elliott, e al., 1997) or using “native trees in the
native land” (Miyawaki, 1993). However, the success of such tree-planting projects
is often limited by a lack of skills and knowledge about how to grow, plant and
take care of native forest trees, which have never before been planted on a large
scale in Thailand (FORRU, 1998). FORRU’s initial priority was to gather basic
ecological data about the very large number of tree species, which grow in northern
Thailand, to determine which ones might be useful for restoring damaged forest
ecosystems. With more than 600 tree species growing on Doi Suthep (Elliott and
Maxwell, 1995 in FORRU, 2000), there were plenty to choose from. Apart from a
few commercially valuable tree species, very little was known about seed
production, germination and seedling growth of the vast majority of wild forest
trees. Without such information, it was impossible to make sensible choices as to
which tree species to use in forest restoration projects. Therefore, FORRU
collected and germinated the seeds of many species as possible and developed
criteria to assess their potential to restore damaged forest ecosystem (Elliott ef al.,
1997a in FORRU, 2000). FORRU’s previous work includes: i) seed production
(Elliott er al., 1994; FORRU, 1998; CMU Herbarium Database, 2000) and
collection (Pakkad, 1997; FORRU, 1998; CMU Herbarium Database, 2000) ii)
germination (Hardwick and Elliott, 1992; Kopachon, 1995; Hardwick et al., 1997,
FORRU, 1998; CMU Herbarium Database, 2000; Singpetch, 2001) iii) seedling
growth in the nursery (FORRU, 1998; CMU Herbarium Database, 2000;
Singpetch, 2001) iv) tree-planting experiments (FORRU, 1998; CMU Herbarium
Database, 2000} and v) working with a local community (FORRU, 2000).



10

1.5 The Importance of the Propagating Native Forest Tree Species for Forest
Restoration, by Seed and Vegetative Mean.

Restoring complex natural forest ecosystems requires a completely different
approach to that of conventional plantation forestry with pines, teak or
eucalyptus, because, forest ecosystems contain a very wide diversity of tree
species (FORRU, 1998). Therefore, this kind of forest restoration requires
production of high quality planting stock of a wide range of native forest tree
species. Although research on propagation of commercial species is well advanced,
forest restoration involves planting lots of species which have never been grown
before. Information is required on how to propagate native forest tree from seed
and vegetative (FORRU, 2000). For seed propagation, many native tree species are
difficult to germinate successfully under normal conditions (Hardwick and Elliott,
1992; Kopachon, 1995; Singpetch, 2001). Hence, cycles of flowering and fruiting
(phenology) must be known. Phenology can play an important role in developing
sound seed collection and nursery work programs for mass propagation of native
irees (FORRU, 1998; FORRU, 2000; Mishra et al., 2001). Seed dormancy is
common in many tropical tree species. However, treatments can play an important
role to break dormancy and improve seed coat permeability, including the use of
acid, scarification, soaking in water and hot water treatments (Hardwick and
Elliott, 1992; Kopachon, 1995; Singpetch, 2001). Even so, propagation of some
tree species from seed can still be very difficult. Vegetative propagation is an

alternative method.

Vegetative propagation, involves duplication of a whole plant from any living
organ, such as a portion of stem, root, or leaf tissue, induced to form roots and
shoots by rooting hormones, chemical, mechanical, and/or environmental
manipulation (Rashid et al., 1986; Hartmann et al, 1990; Avery and Beyl, 1991;
Kantarli, 1993; Aminah et /., 1995; Hidayat et al., 1995; Khun and Dick, 1995;
Priadjati, 1995; Ahmad er al, 1998; Nghia and Tien, 2001). Vegelative
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propagation of native forest tree species by stemn cuttings is an important alternative
for the production of high quality and uniform planting stocks for large-scale
forest plantation programs. It offers several advantages over seeds, maintenance of
genetic consistency, handing of relatively small numbers of many different species,
saving of time and labor, and it is also inexpensive and easier to practice than other
vegetative propagation methods (Kantarli, 1993; Ahmad ef al., 1998; Maoyuan er
al., 1998; Blakesley er al., 2000). Furthermore, it is able to produce a continuous
supply of plénting stock throughout the year for forest restoration activities.
- However, almost all propagation of cuttings has focused on exotic and commercial
plantation trees (Blakesley et al., 2000), such as Eucalyptus species, Hopea
oderata, Dipterocarp species, Pinus merkusii etc. (Kantarli, 1993; Aminah, 1995;
Hidayat et al., 1995; Priadjati, 1995; Khun et al., 1995; Ahmad et al., 1998,
Maoyuan et al., 1998; Klunklin, 1998; Nghia and Tien, 2001). Very little work has
been carried out on the very large number of native forest tree species, which grow
in northern Thailand (Blakesley et al., 2000).

1.6 Factors Affecting Seed Germination and Vegetative Propagation

Techniques
1.6.1 Factors Affecting Seed Germination
Seed Dormancy and Germination

Generally, orthodox seeds are those that can be dried to a moisture level of 1-8%
(Roberts, 1973) or 2-5% (Baskin and Baskin, 1998) without losing viability over
time and sometimes even down to 0.5% moisture content without a loss of viability
and easily stored dried (Baskin and Baskin, 1998). They have a long period of
dormancy until the next rainy season when they may germinate (Stubsgaard and
Poulsen, 1995). In contrast, recalcitrant seeds are intolerant of dehydration and

need to be used immediately after collection or they may die (Roberts, 1973). The
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moisture content of seeds at the time of maturation is 30-70%, but it varies among
species and even within the same species dried (Baskin and Baskin, 1998). They
lose viability if the moisture content drops below a certain critical level before
germination occurs. In addition, they are also vulnerable to chilling injuries at low

temperatures.

The seed’s function is to be a unit of propagation. Seed germination is the
activation of the metabolic machinery of the embryo leading to the emergence of a
new seedling. Seeds of some species do not germinate due to hard seed coats
hindering intake of water (dormancy) (Poulsen and Stubsgaard, 1995; Baskin and
Baskin, 1998). However, seed treatments can be applied to break dormancy and
improve the seed coat permeability. The most convenient measure of dormancy is
the mean of median length of dormancy (MLD). This is defined as the number of
days between seed sowing and germination of the median seed {Blakesley et al.,
2002).

A seed is a ripened ovule. At the time of separation from the parent tree, it consists
of an embryo and stored food supply, both of which are encased in a protective
covering. Activation of the metabolic machinery of the embryo, leading to
emergence of a new seedling, 1s known as germination (Hartmann et al., 1990). For
germination to be initiated, three conditions must be fulfilled: first, the seed must
be viable; that is the embryo must be alive and capable of germination. Second, the
seed must be subjected to appropriate environmental conditions, available water,
proper temperature regimes, a supply of oxygen, and sometimes light and third,
dormancy must be overcome (Bradbeer, 1988; Stubsgaard and Poulsen, 1995).
Internal processes leading to removal of primary dormancy are collectively known
as after-ripening and result from interactions of the environment with the specific
primary dormancy condition. After-ripening requires a period of time and
sometimes specific methods often seed handling. Even in the absence of primary

dormancy and/or if the seeds are subjected to adverse environmental conditions, a
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secondary dormancy can develop and further delay germination (Hartmann et al.,
1990; Poulsen, 1994; FORRU, 1998).

There are three stages of germination, 1) imbibition of water, synthesis of enzymes,
cell elongation and emergence of the radicle; 2) digestion and translocation; fat,
proteins, and carbohydrates, stored in the endosperm, cotyledons, perisperm, or
female gametophyte, are digested to simpler chemical substances, which are
translocated to the growing points of the embryo axis and 3) seedling growth; the
growing point of the root (the radicle) emerges from the base of the embryo axis
{(Bradbeer,1988; Hartmann et al., 1990). The growing point of the shoot (the

plumule), is at the upper end of the embryo axis, above the cotyledons.
Mechanisms of Seed Dormancy

Although seeds of some species are capabie of germinating soon after dispersal or
harvesting, a large number of other species fail to germinate, even when placed
under conditions, which are normally regarded as suitable for growth. Seeds from
different species w1ﬂ1m the same genus or from different genera in the same family
may react differently with regard to germination because of the absence or presence
of a rest period (Hardwick and Elliott, 1992; Kopachon, 1995; Hardwick et al.,
1997; FORRU, 2000; Singpetch, 2001). Many tropical tree species are difficult to
germinate successfully under normal conditions. Seed dormancy results from
interactions between several environmental factors and the hereditary properties of
the plants. it may last for only a few days under proper seed handling and storage,
or may continue indefinitely until some special requirements are fulfilled. Seed
dormancy can be broken if the causes are known and all the necessary conditions
for germination and plant growth are fully satisfied. Seed dormancy is classified
into several different types. Crocker (1916) described dormancy as resulting from:

i) immaturity of the embryo; ii) impermeability of the seed coats to water; iii)

‘mechanical resistance of the seed coats to embryo growth; iv) low permeability of
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the seed coats to gases; v) a metabolic block within the embryo; vi) combinations
of the foregoing and vii) secondary dormancy. Harper {1977) classified seed
dormancy into 3 types: 1) innate dormancy, 2) induced dormancy and 3) enforced
dormancy. Nikolaeva (1977) divided seed dormancy into 3 groups: 1) exogenous
or seed-coat dormancy, 2) endogenous or embryo dormancy and 3) combined
dormancy. Bewley and Black (1982) categorized dormancy into 3 groups: i)
primary dormancy; ii) relative dormancy and iii) secondary dormancy. Kobmoo et
al. (1990a) studied seed pretreatments of 19 leguminous tree species, and classified
them into three groups: 1) those with seeds that required no pretreatment; 2) those
with seeds which exhibited shallow dormancy and whose germination was
improved by soaking in hot water; and 3) those with seeds which exhibited deep

dormancy whose germination was substantially improved by scarification.

Seeds must be exposed to favorable environmental conditions before germinating,
such as an adequate supply of water, adequate gas exchange and suitable
temperatures and light. Temperature is one of the most important environmental
factors affecting germination. It affects germination percentage, as well as rate of
germination and its effects vary with different species (Piewluang and Liengsiri,
1989). The minimum temperatures required for seed germination of tropical
species are normally higher than those required for temperate species. The seed of
many tropical species germinate better under constant temperatures than under
alternating temperatures. Gupta and Pattanath (1976) studied germination
responses to temperatures of 20 tropical species. Fifteen species required constant
temperatures, whereas only five required altermating temperatures. Various simple
pretreatments are able to break dormancy and promote germination (Piewluang and
Liengsiri, 1989; Kabmoo, 1990; Boonnarutee ef al., 1999; Reddy and Reddy, 1995;
Palani ef al., 1995; Teketay, 1996a). For example, Kabmoo (1990) found that
optimal seed germination of Pelfophorum dasyrachis was achieved by either one of
three pretreatments: 1) soaking in 75°C distilled water for 1 minute, 2) manual

scarification; a small part of the seed coat was cut to expose cotyledons at the end
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opposite to the hilum or 3) soaking in concentrated sulfuric acid (95-97%
concentration, specific gravity 1.84 for 15 minutes and washed for 5 minutes in tap
water). Higher water temperatures of 85°C or 95°C reduced germination.
Piewluang and Liengsiri (1989) showed that the seeds of Dalbergia
cochinchinensis, collected from two sources and scarified on both flat sides of the
seed coat individually by hand with medium-grain sandpaper, gave maximum
germination. Soaking seeds in concentrated sulfuric acid for one minute and
soaking them in cool water for 24 hours also resulted in a higher germination
percentage than the controls. An advantage to soaking seeds in concentrated
sulfuric acid was gaining more uniform germination than by soaking in water.
However, prolonged soaking in concentrated sulfuric acid decreased germination.
Boiling water killed the seeds in this species. Seeds from different sources respond
to pretreatments differently, probably due to genetic differences, varying degrees of
dormancy and/or maturity, or storage history (Piewluang and Liengsiri, 1989).
Boonnarutee ef al. (1999) reported that scarification by hand was the most suitable
for Acacia catechu, Cassia bicapsularis, Cassia fistula, Cassia garrettiana, Senna
siamea, Senna surattensis, Dalbergia cocinchinensis and Dalbergia oliveri.
Soaking in conc. sulfuric acid was most suitable for Cassia garrettiana, Senna
siamea and Dalbergia cultrata. Soaking seeds in 98 °C water and leaving them to

cool for 24 hours was most suitable for Delonix regia.

Several projects have tested various simple treatments to break dormancy and
germinate the seeds of trees from Doi Suthep-Pui National Park (Hardwick and
Elliott, 1992; Kopachon, 1995; Singpetch, 2001). In native forest tree species, seed
dormancy is mostly caused by impermeability of the seed coat. Seeds of such
species were classified into two groups: hard and soft seeds. Hard seeds refer to
those seeds, which reduce moisture content to low levels at maturation. Soft seeds
are those which maintain a high level of moisture content, even after maturation.
Hard seed coats caused dormancy in 3 different ways: 1) impermeability to water,

2) impermeability to oxygen or gases or 3) mechanical resistance to embryo
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growth. However, seed treatments can be applied to break dormancy and improve
seed coat permeability, such as scarification, soaking in water, boiling or hot water
and hot sand (Hardwick and Elliott, 1992; Kopachon, 1995; Singpetch, 2001).
Hardwick and Elliott (1992) studied the factors affecting germination of tree seeds
from tropical forest in northern Thailand. They experimented with several methods
to break seed dormancy e.g. cleaning, scarification, fire, storage and ripeness. Seed
of 101 species of tree and liana were sown, of which 78 germinated. At least 50%
germination occurred in 28 species. Dormancy for up to 37 weeks was common
and was more predominant among species found in Thai seasonal forest than in
Malaysian tropical rain-forest. Dormancy may be linked with the season of seed
dispersal, tending to be longer for those dispersed at the end of the rainy season and
during the cold season, and shorter for those dispersed during the hot season and
the beginning of the rainy season (Blakesley ef al., 2000). This is not true for all
species though. Kopachon (1995) reported on the effects of heat treatment on seed
germination of 50 species of native trees on Doi Suthep. Twenty nine species
germinated. Heat increased germination in some species but decreased the
germination rate in some species. Singpetch (2001) reported the effects of six
different pre-sowing treatments, (4 levels of temperature and 2 methods of
scarification by hand and concentrated sulfuric acid (H,SO4) on seed germination
of 9 species of native trees on Doi Suthep. The best treatments for each species
were different due to the seed coat. Scarification by hand was the best for Albizia
chinensis and Bauhinia vaariegata. Sulfuric acid was the best for Rhus chinensis.
Soaking seeds in water was the best for Aporusa villosa and Ficus abelii. Almost

all seeds were killed when treated with 80-100 °C hot water.
Seedling Structure
The seedling stem is divided into the section below the cotyledons (hypocotyl) and

the section above the cotyledons (epicotyl). Initial growth of seedlings follows one

of two patterns. In epigeal germination, the hypocotyl elongates and raises the
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cotyledons above the grbund. In hypogeal germination, the lengthening of the
hypocotyls does not raise the cotyledons above the ground and only the epicotyls
emerges (Hartmann ef al., 1990). The seedling structure or germination type of
native tree species is useful for taxonomic classification (especially, for
recognizing seedlings in the field) and for morphological and evolutionary
considerations (Vogel, 1980; Teketay, 1996). Furthermore, seedling form can be
used to predict the rate of germination and shade-tolerant species. Ng (1978)
recognized that cotyledon position and exposure were independent traits and used
these to divide seedlings into four types: epigeal (phanero-epigeal), hypogeal
(cryptohypogeal), semi-hypogeal (phanero-hypogeal), and durian (crypto-epigeal).
Garwood (1994), however, refers to five seedling types by short unambiguous
codes: PEF, PER, PHR, CHR, and CER. These were produced by combining
abbreviations for the dichotomous traits of exposure, position, and texture:
phanerocotylar (P) or cryptocotylar (C); epigeal (E) or hypogeal (H); and foliaceous
(F) or reserve storage or absorption (R) (Garwood, 1994). In the earliest stages of
germination, speed of growth of the seedling is mainly determined by the food
content of the seed and the genetic properties. Further development depends on
food reserves in the seedling and/or assimilates produced by the (para) cotyledons

and the leaves (Vogel, 1980).
1.6.2 Factors Affecting Vegetative Propagation Techniques.
1.6.2.1 Effects of Species

Sometimes, cuttings are difficult to root (Hartmann ef al., 1990), especially those
from mature trees (Libby and Rauter, 1984; Kantarli, 1993; Klunklin, 1998) and
some “difficult” species can be rooted only if various influencing factors are taken
into consideration and maintained under optimum conditions (Hartmann et al.,
1990; Kantarli, 1993; Maoyuan ef al., 1998). For instance, age of the parent tree is

most important. The younger the tree from which a cutting is taken, the easier it is
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to root (Rashid, 1968; Kantarli, 1993; Klunklin, 1998). Rooting normally becomes
progressively more difficult with increasing age of the parent tree (Rashid, 1968;
Klunklin, 1998). Stem cuttings of Teak {Tecfona grandis) and Gamar (Gmelina
arborea) develop roots, when collected from parent trees less than 50 years old
(Rashid, 1968). The size of cuttings (expressed as the number of nodes) is also an
important factor in selecting material. Generally four to six nodes and 10.0 to 15.0
cm long cuttings provided good propagation material for all species (Kantarli,
1993). Extremely thin or woody cuttings should be avoided (Khun and Dick, 1995;
Klunklin, 1998). Rashid (1986) experimented with juvenile cuttings of Teak
(Tectona grandis Linn.f), either leafy or non-leafy with 1-node, 2-nodes and 4-
nodes. Cuttings were inserted in a rooting medium (sand), kept under shade and
covered by a polyethylene tent for 45-50 days. After 7-10 days, buds appeared and
after 45-50 days roots developed. Overall, leafy and 4-node cuttings of Teak rooted
better than non-leafy and 1-node and 2-node cuttings. Adult leafy and non-leafy
cuttings were tried. Leafy adult cuttings showed 10 percent success. Gmelina
arborea Linn. in a juvenile stage; cuttings were 6-8 inches (15-20 cm) long.
Treatments were divided into leafy and non-leafy. The medium was sand in an
open mist bed and 5 cm of the bottom end was inserted into the sand medium. The

non-leafy cuttings showed better success. The percentage success was 14.3.
1.6.2.2 Effects of Rooting Media

The rooting medium is the material or mixture of materials, in which unrooted
cuttings are inserted to produce roots. The medium should be inexpensive, readily
available, uniform and long lasting, inert, free from diseases and toxic substances
and well drained with desirable air-water relations (Reisch, 1967; Maoyuan ef al.,
1998; Klunklin, 1998). Materials for rooting media, include sand (Aminah, 1995;
Ahmad et al., 1998; Klunklin, 1998; Khun and Dick, 1995), husk rice charcoal
(Klunklin, 1998), coconut husk (Kantarli, 1993, Soohuae and Limpiyaprapant,
1995; Aminah, 1995), sand mixed with coconut husk (Kantarli, 1993; Aminah,
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1995) sand mixed with coffee compost (Hidayat et al., 1995), coir dust, rice husk,
virgin soil (Maoyuan, 1998), water (Priadjati, 1995), top soil, rice ash (Kantarli,
1993). Sand improves aeration, wetting and flow ability but it is also heavy and
holds little water (Bodman and Sharman, 1993). Husk rice charcoal improves
aeration, lightness and holds a minimal amount of water. The medium should be 0-
15 cm deep and should give the necessary support to the cuttings. Both air and
rooting media temperatures influence initiation and development of roots.
Generally temperatures between 20-30 °C in the rooting medium are suitable for all
species tried in cuftings experiments. It may be that high root-zone temperatures
greatly enhance callus formation, root initiation and development in the cuttings
(Bergh, 1957). High air temperatures (30-50 °C) initiate earlier shoot development
by accelerating bud-break in cuttings. Misting inside polyethylene tents imparts a
cooling effect on leaf surfaces and helps maintain high humidity at higher
temperatures. If air temperature is not controlled or is too high, most of the stored
food in cutting stems would be rapidly utilized for shoot development and thus root
development would be hampered. A high relative humidity (more than 80%) must
be maintained around cuttings, otherwise desiccation will inhibit root formation.
Misting inside polyethylene tents under full sunlight helps to control all the above
mentioned environmental conditions at a level suitable for rooting of cuttings to
photosynthesizing food. Water used for misting should be free from iron, otherwise
under warm polyethylene tent conditions, deposition of iron on the cutting leaves
and rooting medium is severe. Deposition of iron disturbs aeration in the rooting
medium and thus kills rooted cuttings (Hartmann and Kestes, 1983; Weaver,
1972; Rashid et al., 1986; Hartmann et al., 1990; Longman, 1993).

1.6.2.3 Effects of Rooting Hormone
Successful rooting depends on the presence in cuttings of several cofactors, which

in combination with auxin, enable cuttings to root. Thimann and Delisle {1939)

demonstrated that some unknown factor, other than auxin, is involved in root
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initiation of coniferous evergreen cuttings. They believed that this factor was
present in large amounts in young plants and was often present in lower amounts in
older plants. The effect of hormone (auxin) on rooting cuttings varies with species.
Indole acetic acid (1AA), indole butyric acid (IBA) and napthalene acetic acid
(NAA) are the most commonly used rooting hormones. These rooting hormones
are usually applied either in a powder form or by quickly dipping the rooting end of
cuttings into a hormone solution. One of the best and most commonly used rooting
stimulators is the auxin IBA. Another excellent auxin, frequently used for root
promotion, is NAA. However, this compound is more toxic than IBA. IBA and
NAA are more effective in induction of rooting than 1A A, IAA is very unstable in
plants. Equal parts of IBA and NAA induce a higher percentage of cuttings to root
in some species than either material used alone (Hartmann and Ketes, 1983;
Weaver, 1972). These roots have some characteristics of root systems treated with
either IBA or NAA (Weaver, 1972). Fresh preparations of hormone should be used
for better resuits. It has been observed that both IAA and IBA can increase rooting
response in Teak (Tectora grandis Linn.f.), Gamar (Gmelina arborea Linn.), and
Koroi (Albizia procera Benth.) but not in Kadam (Anthocephalus chinensis (lam.)
Rich.) cuttings. The highest percentage rooting was obtained from cuttings treated
with 100 ppm of both IAA and IBA (Rahman, 1977). Teak (Tectora grandis
Linn.f) and Gamar (Gmelina arborea Linn.) root better with IBA than IAA
(Rashid, 1986). Pong-anant and Wongmanee (1990) studied rooting variation
among selected mother trees of Eucalyptus calaldulensis at various concentrations
of IBA, There was great variation in the percentage of rooting among selected
mother trees (10-90%). Hormone application did not increase rooting percentage,
however, at the highest concentration (500 ppm), the number of roots increased and

stockings (rooted cuttings) had better developed root systems (Kantarli, 1993).
1.7 Research Objectives

The objectives of the present study were:
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1) to develop the most appropriate propagation techniques for native forest tree
species planted to restore forest in degraded areas.

2) to determine the variability in performance of native forest tree species seedlings
propagated from seeds and cuttings. '

3) to determine whether species traits (such as) seed size, dispersal time or
germination type can be used to predict germination.

4) to determine what factors affect the performance of native forest tree species

propagated from cuttings.



CHAPTER 2
Seasonal Cycles of Seed Production

Abstract

The phenology of flowering and fruiting of native forest tree species plays an
important role in developing effective forest restoration strategies for the conservation
of biodiversity and watershed protection. In particular, phenological data are used to
plan seed collection programs and identify trees as sources of cuttings. In this chapter,
the phenology of 32 native forest tree species, observed monthly over 12 months, is
described (n=1-3 per species, 81 individuals trees) in Doi Suthep-Pui National Park.
Leaf fall occurred in the dry season (27 species) and peaked sharply in January (20
species). This was probably a response to declining leaf water potentials and from the
production of new shoots, during the early rainy season. Leaf flushing occurred in the
dry to early wet season (18 sﬁécies), with a sharp peak in April (28 species), at the
hottest and driest period of the year. Generally, the time of bud break, varied with the
time of leaf fall. Flowering occurred in every month, peaking sharply in April (19
species), at the hottest and driest period of the year, when trees are under severe water
stress. One possible advantage of flowering during the dry season is that fruits ripen
and seeds are dispersed in time for the following rainy season, when conditions for
seed germination and seedling survival are optimal. Six species produced most of
their flowers when leafless or nearly so, whilst tén species produced their flowers
simultaneously while flushing with young leaves. These flowering strategies provide a
highly visible display of flowers, ensuring maximum attraction to animal pollinators.
Fruiting occurred in every month, peaking sharply in September (24 species), the
wettest period of the year. Concerning seed dispersal mechanisms, wind and animals
were the most important agents of dispersal. Under natural conditions, most fruits
(>50% of all species) were dispersed in the late wet season to early dry season
(August-January). Consequently, most species required lengthy dormancy periods, to

survive the dry season and germinate in the rainy season. Therefore, in order to
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accelerate seedling production in the muarsery, treatments to break dormancy had to be

developed.
2.1 Introduction

Phenology means the scientific study of seasonal cycles of plants or animals,
particularly relationships between the periodicity of morphological and physiological
changes and climatic or environmental variables (FORRU, 1998; Kreb, 1994; Le
Floch, 1969). Phenological studies in Thailand have concentrated on seasonal cycles
of leafing, flowering and fruit production, especially of forest trees (Sukwong ef al.,
1975; Dhamanitayakul, 1979; Bhumibhamon et al., 1993; Elliott et al. 1994;
Phonesavanh, 1995; Maxwell and Elliott, 2001). The phenology of native tree species
varies among species and among individuals of the same species (Murphy and Lugo,
1986; Mishra and Teki, 2001). Environmental factors known to affect flowering are
light intensity, temperature (Owens, 1994; Maxwell, 2001a), moisture stress (Elliott,
1994), nutrient levels, photoperiod (Owens, 1994) land plant age (Murphy and Lugo,
.1 986). Furthermore, variations in phenology are dependent on elevation (Maxwell,
2001a). For instance, Arneslea fragrans Wall (Theaceae), which is found from 400 to
1,650 m elevation in Doi Suthep-Pui has different flowering and fruiting phenologies
at different elevations. At 450 m, is species has been observed in full flower during
March, whilst at the same time at 1,610 and 1,685 m the trees were in fruit (Maxwell,
2001a). Similarly, trees of this species change their leaves in February at 800 to 900
m, whilst remaining evergreen above 1,000 m (Maxwell, 2001a). In Doi Suthep-Pui
National Park, there are 10 treelet or tree species, which are generally evergreen above
c. 1,000 m elevation, but deciduous during the dry season at lower elevations

(Maxwell, 2001a).

The phenology of native forest trees has an important role in developing forest
restoration strategies to conserve biodiversity and for watershed protection.
Phenological data can be used to plan seed collection, locate, stock trees as sources of

cuttings, to develop nursery work programs for forest restoration projects and to
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determine which treatments might be appropriate to break seed dormancy or stimulate
rooting during cutting propagation (Kantarli, 1993; Elliott ef al., 1994; Ghazoul, 1997,
FORRU, 1998; Ahmad et al., 1998; Hardwick, 1999; FORRU, 2000; Blakesley ef al.,
2000; Maxwell and Elliott, 2001). For example; The Forest Restoration Research Unit
(FORRU, 1994) the studied phenology of nearly 100 native forest tree speciés to help
identify framework tree species for forest restoration projects (Blakesley ef al., 2000;
Maxwell and Elliott, 2001). Phenology has also been used to predict the yield and
quality of seeds (Owens, 1994; Marzalina ef al., 1993; Ghazoul, 1997), for genetic
selectton (Owens, 1994; Bhumibhamon et al., 1993; Valencia and Umali-Garcia,
1993; Moncur, 1993; Visuthiepkul and Moncur, 1993) and to improve techniques of
accelerated natural regeneration (ANR) (Jensen and Pfeifer, 1989 and Hardwick,
1999).

Therefore, this chapter describes the phenology of flowering and fruiting of 32 species
of native forest tree species and identifies the best time to collect seeds or collect leafy

stems for cutting propagation.
2.2 Study Site

Doi Suthep-Pui was designated a national park on 14 April 1981, covering an area of
about 261 km” (Maxwell and Eliott, 2001). It is situated directly west of Chiang Mai
City in northern Thailand (180 50" north latitude and 99° 0’ east longitude). Doi
Suthep rises to a height of 1,620 m above sea level, while the adjoining peak of Doi
Pui is 1,685 m high. Base rocks are mostly granite, and soils are generally deep and

highly weathered.

Average annual rainfall in Chiang Mai City, i.e. at the base of Doi Suthep-Pui (c. 350
m), is 1,067.8 mm. August and September have the most rain, with an average of
207.7 mm per month. The lowest amount of rainfall is during January-February with
an average of 6.3 mm per month. Average rainfall at the national park headquarters (c.

1,050 m) is 1,670.1 mm per year, 2,095 mm at Puping village (c. 1,375 m) (Maxwell
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and Elliott, 2001) and 2,094.9 mm at Kog-Ma Watershed Research Station (c. 1400
m) (Elliott ez al., 2000).

Temperatures of Kog-Ma Watershed Research Station (Figure 1) varied from a
minimum of 4.5°C in December to a maximum of 35.5°C in March (Elliott and
Anusarnsunthorn, 2001), while average lowland temperatures range from a low of
21.1 °C during December-January and a high of 29.0 %C during April-May (Maxwell
and Elliott, 2001).

700

600

560

400

200

100

0

o4 F M A WM J J A s Q N D
MONTH

m—— RAINFALL {mm)
e AVERAGE MINIMUM TEMPERATURE ( G}
= *AVERAGE MAXIMUM TEMPERATURE (C)

Figure 1. Average monthly rainfall, minimum and maximum temperature at Kog-ma
Watershed Research Station (elevation 1,400 m) approximately 9 km from
the study site (1966-1983) (from Elliott and Anusarnsunthorn, 2001).

The area has two main seasons: the wet season (May-October) and the dry season
(mean monthly rainfall below 100 mm, November-April). The dry season is
subdivided into the cool-dry season (November to January) and the hot-dry season
(February to April) (Elliott et al., 2000). Highest rainfall occurs in August and the dry
season peaks in April (Elliott et al., 1994).
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This study of phenology was carried out in Doi Suthep-Pui National Park at elevations
ranging from 640 to 1,560 m in all forest types represented on the mountain. There are
two main types of forest in the park viz. deciduous forest (in the lowlands, 460 m up
to 950 m above sea level) and evergreen forest (from about 950 m above sea level to
the summit of Doi Pui). There are three deciduous vegetation associafions, viz.
deciduous dipterocarp + oak, bamboo + deciduous and mixed evergreen + deciduous,

which tend to merge together without any clear boundaries because of disturbances
(Maxwell, 2001).

2.3 Materials and Methods
2.3.1 Species Studied

A review of the information stored in the databases of the CMU Herbarium and
FORRU was carried out to determine native forest tree species with limited seed
germination success, but with high potential for forest restoration plantings. Thirty

two native forest tree species were selected (Table 1).
2.3.2 Experimental Design

Phenological studies (Table 1) were carried out, primarily to determine the seasonal
availability of seeds of a wide range of tree species, but in addition, the time of
flowering, leaf flushing and leaf fall were also recorded. Thirty two tree species (81
individual trees, 1-3 replicates per species), including 10 species from deciduous
forest, 16 from evergreen forest, 3 from mixed evergreen + deciduous forest and 3
from evergreen + pine forest were observed with binoculars monthly (from June, 2000
to May, 2001) and scored for the presence of flowers, fruits and foliage. A linear scale
of 0-4 was used: 4 representing maximum intensity of reproductive activity or canopy
cover. Values of 3, 2, and 1 represented three-quarters, half, and one-quarter of the
maximum intensity, respectively. A value of 0.5 was used to indicate the presence of

small amounts of flowers or fruits below one-quarter of the maximum intensity
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(method from Elliott ef al., 1994). The data were entered into a computer spreadsheet

program (Excel) and analyzed to produce graphs to show seasonal cycles of flowering,
fruiting and leafing.

2.4 Results
Leaf Fall and Leaf Flushing

Data on leaf fall and leaf flushing for individual species are presented in Figures 2-33.
Numbers of species in leaf flushing or leaf fall for each month are presented in Figure
34, Tables 2 and 5. Leaf fall occurred every month. Most tree species shed their leaves
at the beginning of the dry season. This was probably in response to declining leaf
water potentials. Leaf phenology data were divided into five groups (Table 4). Six
species were evergreen, retaining at least some green leaves throughout the year, A
. few old leaves were shed and a few new ones were grown in nearly very month of the
year. Fifteen species were completely deciduous, undergoing a period of total
leaflessness at some time during the year. Two species (Elaeocarpus lanceifolius, and
Glochidion acuminatum) were tropophillous. They showed obvious seasonal trends in
leaf shedding and growth of new leaves, but were not bare of leaves for any
considerable time. Three species were brevideciduous. They produced an entire
canopy of new leaves at the same time as nearly all the old ones were being shed. Six
species were leaf changing, loosing their leaves on one side of the canopy, whilst
retaining them on the other. Leaf flushing occurred in every month. The highest
number of species flushing new leaves occurred in April (28 species), the hottest,
driest period of the year. The lowest of number occurred in September, November and
December (5 species). In twelve species, leaf flushing occurred in the dry season
(November-April) (d4fzelia xylocarpa, Betula alnoides, Diospyros wundulata,
Elaeocarpus lanceifolius, Elaeocarpus prunifolius, Eurya acuminata, Glochidion
acuminatum, Irvingia malayana, Saurauia roxburghii, Shorea obtusa, Sindora
siamensis and Terminalia mucronata). Only one species flushed in the wet season

(May-October) (Acrocarpus fraxinifolius). In eighteen species, leaf flushing occurred
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in both the dry and wet seasons (4lbizia chinensis, Aporusa villosa, Cassia fistula,
Colona fragrocarpa, Debregeasia longifolia, Ficus lamponga, Ficus superba, Ficus
hirta, Lagerstroemia speciosa, Macropanax dispermus, Morus macroura, Reevesia
pubescens, Schleichera oleosa, Terminalia bellirica, Terminalia chebula, Trema

orientalis, Tetradium glabrifolium and Vaccinium sprengelii).
Flowering

Data on flowering for individual species are presented in Figures 1-32. Six species
produced most of their flowers when leafless or nearly so. This resulted in a brilliant
display of flowers, unhindered by leaves that must have been clearly visible to
pollinators. Five of these 6 species flowered in the dry season (November-April)
(Acrocarpus fraxinifolius, Aporusa villosa, Betula alnoides, Cassia fistula and Morus
macroura). The one species that flowered in the dry to wet season was Ficus
lamponga. Ten species produced their flowers, simultaneously while flushing with
young leaves. This flowering strategy also provided a highly visible display of
flowers, not hidden by mature leaves to maximize attraction to animal pollinators.
Again, this was primarily a dry season strategy, with 7 of the 10 species flowering in
the dry season (November-April) (Afzelia xylocarpa, Albizia chinensis, Eleaocarpus
prunifolius, Lagerstroemia speciosa, Schleichera oleosa, Shorea obtusa and
Vaccinium sprengelii) and only 3 species in the wet season (May-October)
(Glochidion acuminatum, Irvingia malayana and Tetradium glabrifolium). Ten
species flowered after their leaves had matured; including 6 species flowering in the
wet season (May-October) (e.g. Colona fragrocarpa, Elaeocarpus lanceifolius,
Macaranga kurzii, Macropanax dispermus, Sindora siamensis and Terminalia
chebula), 3 species flowering in the dry season (November-April) (Reevesia
pubescens, Terminalia bellirica and Terminalia mucronata); and 1 species flowering
in the wet to dry season (Ficus superba). Six species produced flowers when the tree
crown was completely composed of mature leaves, including 3 species flowering in
the wet season (May-October) (Debregeasia longifolia, Eurya acuminata, and Ficus

hirta), 2 species flowering in the dry season (November-April) (Diospyros undulata



29

and Trema orientalis) and 1 species flowering in the wet to dry season (Saurauia

roxburghii).

The numbers of species in flower each month are shown in Figure 34, Tables 3 and 5.
Flowering occurred in every month. For flowers of figs were determined .from the
beginning of the reproductive organs occurred, before fruits ripen. The highest
number of species in flower occurred in April (19 species). Seventeen species
produced flowers during the dry season from November to April [November (3
species), December (5 species), January (8 species), February (10 species), March (14
species), and May (15 species)]. Three species flowered during both the dry and wet

seasons and twelve species flowered during the wet season from May to October.
Fruiting

Data on fruiting for individual species are presented in Figures 2-33. Numbers of
species in fruit each month are presented in Figure 34, Tables 3 and 5. Fruiting
occurred in every month. For fruiting of figs were determined from the start to ripen
of fruits. The highest number of species fruiting occurred in September (24 species).
That is the rainy season, the wettest period of the year. Eight species fruited during the
wet season from May to October, thirteen species during the wet and dry season, and
eleven species during the dry season from November to April. The seasonality of ripe

fruit production varied according to the seed dispersal mechanism.
Seed Dispersal Mechanism by Wind

Eight species were dispersed by wind. Almost all wind dispersed fruits/seeds (5
species) were dispersed during the dry season from November to April (dcrocarpus
Sfraxinifolius, Betula alnoides, Colona fragrocarpa, Terminalia mucronata and
Reevesia pubescens), two species was dispersed during both the dry and wet seasons
(Albizia chinensis and Lagerstroemia speciosa) and 1 species at the beginning of the

rainy season (Shorea obtusa). Two fruit types were wind dispersed pods (4dcrocarpus



fraxinifolius, and Albizia chinensis), winged fruits (Colona fragrocarpa and Shorea
obtusa (winged nuts), and two samara (Betula alnoides and Terminalia mucronata).
Two fruit types were wind dispersed seeds from capsules (Reevesia pubescens and

Lagerstroemia speciosa).
Seed Dispersal Mechanisms by Animals

Twenty-four species were dispersed by animals. They were divided into three groups;
base on the season 8 species which fruited during the wet season from May to October
(Aporusa villosa, Diospyros undulata, Elaecarpus prunifolius, Irvingia malayana,
Macaranga kurzii, Saurauia roxburghii, Terminalia chebula, and Vaccinium
sprengelii), 5 which fruited during the dry season (November-April) (Cassia fistula,
Debregeasia longifolia, Elaeocarpus lanceifolius, Macropanax dispermus, and
Terminalia bellirica) and 11 which fruited/figs during both the dry and wet seasons
(Afzelia xylocarpa, Eurya acuminata, Ficus lamponga, Ficus superba, Ficus hirta,
Glochidion acuminatum, Morus macroura, Schleichera oleosa, Sindora siamensis,
Tetradium glabrifolium, and Trema orientalis). There were six fruit types of animal-
dispersed species; including eight species with drupes (Elaeocarpus lanceifolius,
Eleaocarpus prunifolius, Irvingia malayana, Macropanax dispermus, Schleichera
oleosa, Terminalia bellirica, Terminalia chebula, and Trema orientalis), four with
capsules (dporusa villosa, Glochidion acuminatum, Macaranga kurzii, and Tetradium
glabifolium), four with berries (Diospyros undulata, Eurya acuminata, Saurauia
roxburghii, and Vaccinium sprengelii), three with achenes in figs (Ficus lamponga,
Ficus superba, and Ficus hirta), three with pod (4fzelia xylocarpa, Cassia fistula, and
Sindora siamensis) and two with achenes (Debregeasia longifolia, and Morus

macroura).
2.5 Discussion

The phenology of native forest tree species in Doi Suthep-Pui National Park varied

among species. Leaf phenology data were divided into five groups. The timing of leaf
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fall is most often related to declining soil moisture (Jackson, 1978; Murphy and Lugo,
1986; Maxwell, 2001a). Leaf fall occurred every month. Most lowland tree species
shéd their leaves at the beginning of the dry season. This is a similar pattern to that
observed by Frankie er al. (1974) and Sukwong et al. (1975). The deciduous forest
species begin to loose their leaves in the dry season (Sukwong et al., 1975). Frankie ef
al. (1974) found that dry forest species in the lowlands of Costa Rica leaf fall occurred
in dry season and flushed predominantly during the beginning of the wet season. This
was probably in response to declining leaf water potentials (Borchert ez al. (in press);
Maxwell 2001a). Leaf flushing in my study occurred in every month, but with a sharp
peak in April (28 species), at the hottest and driest period of the year, when trees also
peaked in flowering. This result agrees with Sukwong ef al. (1975) who found that the
most intense leaf flushing occurred in late March. Generally, the time of leaf bud
break varies with the time of leaf fall. Borchert et al. (in press) postulated that trees
enter the rainy season with a full complement of fully expanded, new leaves, and
Murphy and Lugo (1986) found that leaf bud break correlates with flowering.
Borchert ef al. suggested that bud break and organ growth during the dry season
require well-hydrated stem tissues, with stem water potentials near 0 Mega Pascals
(MPa), and that bud break is induced by increasing photoperiod. Within a landscape,
the time of bud break induced by leaf shedding varies with microsite water availability
(Borchert, 1994 in Borchert et al. (in press)). On the other hand, Wright and Comejo
(1990) suggested that the timing of flowering and leaf fall are little affected and
moisture availability is not the proximal cues for flowering and leaf fall for most
species, in the tropical moist forests of Barro Colorado Island. In 1996, Wright found
that seasonality affected the timing of leaf production and flowering, while the timing
of fruit maturation and seed dispersal coincided with conditions that are optimal for
seedling establishment (Garwood, 1983). Knowledge of leaf phenology enables the
collector to select optimum timing and methods of leafy stem cutting harvesting most
appropriate to the species. Murphy and Lugo (1986) suggested that in seasonal
tropical forests, no single environmental factor is responsible for the type or timing of
phenological events, while water stress or moisture deficit is most frequently cited as

a primary factor (Murphy and Lugo, 1986; Lieberman, 1982).
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It seems almost illogical that flowering of forest trees should peak at the hottest and
driest period of the year when they are under severe water stress. One possible
advantage to flowering during the dry season is that fruits ripen and seeds are
dispersed in time for the following rainy season when conditions for seed germination
and seedling survival are optimal. This agrees with Elliott et al. (1989), Elliott et al.
{1994) and Hardwick (1999). Six species produced most of their flowers when
leafless or nearly so, producing a brilliant display of showy flowers, unhindered by
leaves, whilst ten species produced their flowers simultaneously while flushing with
young leaves. These flowering strategies provide a highly visible display of flowers,
not hidden by mature leaves, resuiting in maximum attraction to animal pollinators as
noted by Appanah (1990), Dayanandan ef al. (1990) and Elliott er al. (1994).
Flowering phenology has ecological significance to pollinators, which may be depend
on flowers as resources, and to other plants in the community through competitive and
mutualistic interaction for pollinators. The sequence of flowering among sympatric

species is often closely related to pollinator or seed-predator population dynamics.

Fruit production of 32 species peaked slightly in the rainy season or in the wettest
period of the year. This result was in agreement with Hardwick (1999), Elliott ef al.
(1994) and Newton {1988). One of the most essential processes in plant reproduction
is the production and dispersal of seeds. As noted by Jackson (1981), dispersal agents
are very important and they were related to fruit types. The 32 native tree species
studied were divided to two types of fruits viz. dehiscent and indehiscent. Eight
species were dispersed by wind and twenty-four species were dispersed by animals.
Baskin and Baskin (1998), Ghazoul (1997) and Willan (1984} suggest that the main
reasons for seed dispersal are for escaping competition from the parent tree and to
escape seed predators. Wind dispersal occurs when the seeds are very light and small
or when either the seed coat or the pericarp possesses wings or hairs which serve to
assist flight. Fruits may also be winged by the subsequent enlargement of carpels after
seed formation (Henry, 1930). In Doi Suthep-Pui National Park wind dispersal period
coincides with the highest mean monthly wind speeds, as noted by Elliott et al.

(1994). When such fruits or seeds are eaten by animals, the seeds, protected by the
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hard testa or endocarp, often pass unharmed through the digestive tract and are often
deposited in the feces at a considerable distance from the place where they were
consumed (Traveset, 1998; Baskin and Baskin, 1998). In many cases the fruits were
eaten and the seeds were carried some distance from the parent before they were
released by birds and wildiife (White, 1994). For instance, cows and buffaloes in
north-eastern Thailand and deer in Doi Suthep-Pui National Park were highly efficient
dispersal agents for seeds of Irvingia malayana, birds and/or small animals for seeds
of Trema orientalis, Eurya acuminata, Debregeasia longifolia, Macropanax
dispermus, Morus macroura, Tetradium glabrifolium, Vaccinium sprengelii, and etc.).
Macaranga kurzii was dispersed by animals. Soerianegara and Lemmens (1994) and
Schmidt (2000) noted that the hard arils of the seeds of Afzelia xylocarpa and Sindora

siamensis are attractive to rodents which disperse the seeds.

With regard to seasonal seed dispersal and seed dormancy, six species were dispersed
in the early wet season (May-July). Willan (1984) noted that dormancy in nature
serves to protect some seeds from conditions which are temporarily suitable for
germination, but which quickly revert to conditions too harsh for survival of the
tender young seedling. Thus, by evolution seed dispersal and germination occurs
during the wet season. But eighteen species do not germinate until the beginning of
the next rainy season (they were dispersed during the late wet and the early dry
seasons). Five species, dispersed in the late dry season (February-April), germinate in
the wet season. Three species were dispersed in both the wet and dry seasons (Colona
fragrocarpa, Ficus lamponga and Ficus superba). A host of interacting factors
determine the optimal time for native tree species to produce seeds, including the
availability of dispersal agents; the absence of seed predators and the likely presence
of conditions suitable for seed germination. For example, figs produce a very large
numbers of seeds; they ensure that at least some of their seeds stand a good chance of
being deposited in a suitable site. Also, with large numbers of small seeds contained
within a soft fleshy tissue which requires very little chewing, most of the seeds pass
undamaged through the digestive tracts of fig-eating animals. Figs are an extremely

important source of food for forest animals. They are sometimes called “keystone”
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species because they are available throughout the year and provide food when other
more seasonal food supplies may be limited. Many different animals can be seen
feeding together in a fig tree including birds, primates, squirrels and civets. On the

forest floor, pigs, deer and rodents feed on the fallen figs.

Under natural conditions, most fruits (>50% of all species) are dispersed in the late
wet 1o early dry season. If their seeds germinate at that time of year in the forest the
seedlings might not grow big enough to survive the following dry season. Therefore,
many lie dormant until the start of the following rainy season (Blakesley et al., 2000).
This seasonal pattern of fruit production has profound implications for nursery
production of tree seedlings for forest restoration plantings. Because different species
produce seeds at different times of the year. Seeds developing under different
environmental conditions may not have the same dormancy-breaking and/or
germination requirements (Baskin and Baskin, 1998). Also, all seedlings must reach a

plantable size (40-60 cm tall) at the same time of the year (Kuarak ef al., 2000).

Therefore, in order for suitable seedlings to be planted, seed dormancy must be broken
quickly to improve germination rate and seedling growth accelerated to produce
seedlings big enough for planting, approximately 10 months after seed collection.
Otherwise, seedlings would have to be stored in nurseries for 10 months to more than
a year approximately, which is wasteful in terms of labour, space and costs.
Experiments to break seed dormancy and accelerate germination by various pre-
treatments (Chapter 3) and/or seed storage are therefore very important for forest
restoration. Also, the many problems of seed germination and/or slow seedling growth

encourage investigation of cutting propagation (Chapter 5).

Consequently, most species required lengthy dormancy periods, to survive the dry
season and germinate in the rainy season. Therefore, in order to accelerate seedling

production in the nursery, treatments to break dormancy had to be developed.
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Further research is needed for more than one year and should concentrate on the
relationships between flowering stage, breeding system, pollinator biology, fruiting
stage, flower and fruit predators, genetic variation and it is opportune to ask what we
can learn about them and how we can use the information so grained to propagate,

utilize and conserve native forest tree species for forest restoration.
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Table 1. Tree selected for phenological observations and collection of seeds

and leafy stem cuttings for propagation.

Species Family g Forest type’ Elevation E -g ,g g g
Acrocarpus fraxinifolius Leguminosae |1 |evergreen |1,050  |wind -|*{*
Wight ex Arn. 3 1,050
Afzelia xylocarpa Leguminosae |1 |deciduous {460 animal |*{*
{Kurz) Craib 2 460
3 460
Albizia chinensis Leguminosae |1 |evergreen+ [1,050  [wind ||+
(OSb.) Merr. 2 |pine forest
Aporusa villosa Euphorbiaceac|1 [mixed 740 animal  |*[*
(Lindl.) Baill. 2 lever.+dec. |740
Betula alnoides Betulaceae |1 |evergreen+ |[1,050 wind  |*|*
Ham. ex D. Don 2 |pine forest |1,050
3 1,050
Cassia ﬁstula L. Leguminosae |1 |deciducus 460 animal |*|*
2 460
3 460
Colona fragrocarpa Tiliaceae 1 |deciduous 685 wind |*| |*
(CL) Craib 2 685
3 685
Debregeasia longifolia Urticaceae |1 [evergreen 1,020  [animal [*|*
(Burm £} Wedd. 2 1,020
3 1,020
Diospyros undulata Wall. Ebenacese |1 [mixed 720 animal *[*
ex G. Don var. cratericalyx 2 lever +dec. {720
(Craib) Bakh. 3 720
Elaeocarpus lanceifolius Flaeocarpaceaq] levergreen 1,500  |animal |[*]*
Roxb. 2 1,500
Elaeocarpus prunifolius Elaeocarpaceaql [evergreen |1,050  [animal [*{*
Wall. ex C. Muell. 2 1,050

* Forest type sensu Maxwell and Elliott, 2001
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Table 1. Tree selected for phenological observations and collection of seeds

and leafy stem cuttings for propagation (continue).

= g
& E; £ QE
Species Family ~|2|Forest 9P plevation| 2 33215
Lurya acuminata Theaceae 1 |evergreen {1,080 animal [*}* |*
DC. var. wallichiana 2 1,080
Dyer 3 1,080
Ficus ]amponga Miq- Moraceae 1 |evergreen 1,050 animal |*1* |*
1,050
1,050
Ficus hirta Vahl var. Moraceae 1 |evergreen 1,420  lanimal |*i*|*
roxburghn (Miq.) King 2 1,420
Ficus superba (Miq.) Moraceae 1 |evergreen |1,400  |animal {*[*{*
Miq. var. superba 2 1,400
Glochidion acuminatum Euphorbiaceae|1 [everzreen  [1425  |animal [#|*
M. -A. var. siamense A.S. ' 3 1,425
3 1,425
Irvingia malayana Trvingiaceae |1 |deciduons  |460 animal  [*[*
Oliv. ex Benn. 2 460
3 460
Lagerstroemia speciosa Lythraceae |1 [deciduous [460  |wind  [*|*
(L.) Pers. var. speciosa 2 460
‘ 3 460
Macaranga kurzii Euphorbiaceae|1 {evergreen {1,080 animal |*]| [*
{O0.K)) Pax & Hoffm. 2 1,080
' 3 1,080
Macropanax dispermus (Bl) O.X. |amiiacese |1 evergreen  |1.275 animal  |*|*
Morus macroura Miq. . Moraceae 1 |evergreen 1,020 animal [*|* |*
2 1100
Reevesia pubescens Mast. Sterculiaceae |1 |evergreen {1,150  |wind  [*|*
var. siamensis {Craib) Anth. 2 1,150
Saurauia roxbughii Wall, Sauraujaceae |1 |evergreen [1,180 animal [*|* |*
2 1,180
3 1,180
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Table 1. Tree selected for phenological observations and collection of seeds

and leafy stem cuttings for propagation (continue).

F 5
. 2 Elgs
2 = Bl
Species Family EF"“"“ t¥P¢"| Elevation E -g_ E E
Schleichera oleosa (Lour.) Oken [snindaceese |1 |deciduous {460 ammal  |*}*
2 460
3 460
Shorea obtusa Wall. ex BlL Dipterocarpacdl |deciduous  |460 wind *
2 460
Sindora siamensis Leguminosae |1 {deciduous  [460 animal |*|*
Teysm. ex Miq. var. siamensis 3 460
3 460
Terminalia bellirica Combretaceae |1 |deciduous 460 animal [*[*
(Gaertn.) Roxb. 2 460
Terminalia chebula Combretaceae |1 |deciduous 1460 animal *
Retz. var. chebula n 460
3 460
Terminalia mucronata Combretaceae |1 |evergreen  [1,050  |wind .
Craib & Hutch. 2 1,050
Tetradium glabrifolium Rutaceae 1 |evergreen  |1,080  [animal |[*|*
(Champ—ex Bth.) T. Hart. 2 1,080
3 1,650
Trema orientalis (L.) Bl Ulmaceae |1 lmixed 840 amimal  |*|* |*
2 |evergreent {840
, 3 |deciduous  |840
Vaccinium sprengelii Ericaceae t |evergreent [1,560 animal *
(D. Don) Sleum. 2 |pine forest |1,560
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Table 2. Leaf flushing and leaf fall phenology of 32 native forest trees species.

Species Ja|Fb{Mr|Ap|My|Jn| 1 {Ag|Sp|Oc|Nv|De
Acrocarpus fraxinifolius TR R ]

Afzelia xylocarpa ]”l uu” [t o "
Albizia chinensis | ]I ”H ll|ll nn n n | Hl H
Aporusa villosa l " ”" wun un "

Betula alnoides "ll" e n " ’! ”“
Cassia fistula N T T

COIOHG ﬁ'agrocarpa H m %l” |”n I [ " " I
Debregeas-ia Iong!-j‘oh:a " " ar H n " n "
Diospyros undulata n

Elaeocarpus lancegf‘olius . Iu " nuir nn

Elaeocarpus prunifolius I RS

Eu’j,a acumina[a " (1] " (1] n " L1] " " n n "
Ficus lamponga y, 11 I |11
FICIJ'S superba " M ni L ”“ll III“" ill"‘ll " “H ||'| 1L}
chus hirta " " mni l ” "Ill l" 1w " " n
Glochidion acuminatum 1t n l“ Itm n u _ In " " " " "
Irvingia malayana Lot e

Lagerstroemia speciosa [T T/ O [/ { S S .|
Macaranga kurzﬁ 1 "u " " 1] " " " " "
Macropanax dispermus l"llll ni " " 1] " 1]

Morus macroura |m “Iu l""" Imm "u " " t |
Reevesia lebESCEHS | !I nu ]uu " w ) i l
Saurauia roxbw‘ghii w 1" ] " " " " "
Schieichera oleosa ' R O O C

Shorea obtusa | T (T [RE

Sindora siamensis T R

Terminalia bellirica T T I

Terminalia chebula 1T 17T K LA A

Terminalia mucronara I [ e

Tetradivm glabrifolium | X 1 [l A A

Trema Orienta”s " H " " " " N "

Vaccinium sprengelii qu "t " n " " "
no. of species leaf fall 20 {18 |16 | 111 31 3f 2 1] 1] 2] 6] li
no. of speciesteaf flushing 12 |14 |24 { 28] 19| 20] 17] 9] 51 7F 5|1 5

Il = leaf fall, """ = leaf flushing.
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Table 3. Reproductive phenology of 32 native forest trees species.

Species Ja | Fb |Mr|Ap |[My| Jn | J1|Ag|Sp| Oc}Nv|Dc
Acrocarpus fraxinijolius S Lo A i {agaala
Afzelia xylocarpa 1575 PR R I 1T1TH {1 1O 11 11T [TV [T
Albizia chinensis |ddd [ldad T L (1 (1 71 1
Aporusa villosa St L lid {inda
Betula alnoides “n nd liidd .
Cassia fistula 11 R P VR Pt e N (1 /T {1 {1 i [id
Colona fragrocarpa i ud |dddd S P T A [ T 1 1
Debregeasia longifolia N B e
Diospyros undulata A el ildd
Elaeocarpus lanceifolius oo LHMNLH0 B (I |dddd|
Elaeocarpus prunifolius . S O i T 1 1 11+ A (11
Eurya acuminata M [idd Jiddd S P I o 1111 1
Ficus lamponga e e |Hidd i qunan prme dind - |ddd o
Ficus superba o ||lidd N ldd o e e
Ficus hirta " MM [ jiid (I |fidd
Glochidion acuminatum B B e e e lisa Liad
Irvingia malayana G L e (e idad
Lagerstroemia speciosa oo b 1w e fme lme lime lnad Jiddd fiddd
Macaranga kurzii S0 BN il jw o jind {lldd
Macropanax dispermus fldd }lddd ST P P [ 1 1
Aforus macroura - S 1Mind |\dda
Reevesia pubescens 17« 11 1+ VR 1V 11T 111 11 111
Saurauia roxburghii b L i Jid
Schleichera oleosa S0l qme fr e Jma {idad
Snorea obtusa "W {d 1ad
Sindora siamensis PSR PP 1 11 1 1 G
Terminalia bellirica lldd S P 111 o111 1A 1 1
Terminalia chebula s » S N 11 1 11
Terminalia mucronata |ddd PP 1 11 1 1 1 1
Tetradium glabrifolium P PR I {11 11 11 [ ¢
Trema orientalis S T P O S 2 A 1" 17
Vaccinium sprengelii oo e e fnd i . U KL
no. of species flowers 8 10 |14 19} 15¢ 14 91 71 2 4 3 5
no. of species fruits 11 8 10 11f 16| 18] 21| 23| 24| 20| 16| 14

»5sx= flower buds, """ = flowers, |||| = fruits, dd = dispersal
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Figure 2. Phenology of Acrocarpus fraxinifolius.
a. Leafing phenology
b.Reproductive phenology
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Figure 3. Phenology of Afzelia xylocarpa.
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Figure 4. Phenology of Albizia chinensis.
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Figure 5. Phenology of Aporusa villosa.
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Figure 6. Phenology of Betula alnoides.
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Figure 7. Phenology of Cassia fistula.
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Figure 8. Phenology of Colona fragrocarpa.
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Figure 9. Phenology of Debregeasia longifolia.
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Figure 10. Phenology of Diospyros undulata.
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Figure 11. Phenology of Elaeocarpus lanceifolius.
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Figure 12, Phenology of Elaeocarpus prunifolius.
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Figure 13. Phenology of Eurya acuminata.
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Figure 14. Phenology of Ficus hirta.
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Figure 15. Phenology of Ficus lamponga.
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Figure 16. Phenology of Ficus superba.
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Figure 17. Phenology of Glochidion acuminatum.
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Figure 18. Phenology of frvingia malayana.
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Figure 19. Phenology of Lagerstroemia speciosa.
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Figure 20. Phenology of Macaranga kurzii,
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Figure 21. Phenology of Macropanax dispermus.
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Figure 22. Phenology of Morus macroura.
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Figure 23. Phenology of Reevesia pubescens.
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Figure 24. Phenology of Saurauia roxburghii.
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Figure 25. Phenology of Schleichera oleosa.
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Figure 26. Phenology of Shorea obtusa.
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Figure 27. Phenology of Sindora siamensis.
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Figure 28. Phenology of Terminalia bellirica.
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Figure 29. Phenology of Terminalia chebula.
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Figure 30. Phenology of Terminalia mucronata.
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Figure 31. Phenology of Tetradium glabrifolium.
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Figure 32. Phenology of Trema orientalis.
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Figure 33. Phenology of Vaccinium sprengelii.
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Figure 34. Number of species in flower or in fruit, and in leaf flushing or leaf fall
for each month.
a. Number of species in flower or in fruit
b. Number of species in leaf flushing or leaf fall




vL

DLy SNOL
1jaduaads winiuraon]
DS03J0 DABYDIII[YIS
snwadstp xoupdodovp

HZAnY DIUDIOIDIN

SISUDUDIS DAOPULIS
sudosagud visadaRy

vupdopou LIS

WRIDUIUNID UOIPIYI0]D)

snijofiasuvy sndipaoav]y

SHDIUDILO DaL]
HY3Ngxod pIMpRLS
p3uoduo] snolf
ppununon plinyg
ponpun soldsorcy

vijofiduo; visvaldaiqa(y

wnipoflgpls wnippia |
PIDUOLIRW DIJOUIULID |
DIRGays DIfOUILIZ]
DILUJIPq DIDUINR [
DSNIGo DaLOYS
DAROLIDUW SHAOJN
vsorads pruaodsiasoy
pq.adns snoLy
snijofiunsd sndipooawvpy
pdip2043v4f vUOOD)
pymsif vissv)

saproup virjag

vsoyjia psniody
Sisuauiy> viziqry
vdivaojlx pijazfy

snyofiutxvif sndipooloy

Smdueyd Juory

SNONPIRPIAIILY

snojjAydodoay,

u22.1319AY

sNONpPIRA(

'sai0ads 811 oaneu Zg Jo ASojousyd Suiyes Jo odL p dqeL




75

Table 5. Summary of reproductive and leafing phenology of 32 native forest

tree species for each month.

Species Flowers Fruits Leaf flushing Leaf fall
Acrocapus fraxinifolius Ja-Mr Mr-My Mr-Ja Ja-Ap
Afzelia xylocarpa Fb-Ap My-Ja Fb-Ap Dc-Fb
Albizia chinensis Ap-My My-Fb Ap-1l Oc-Ap
Aporusa villosa Ja-Mr Mr-My Ap-In Ja-Mr
Betula alnoides De-Eb Ja-Mr Ja-Ap Nv-Ja
Cassia fistula Fb-My My-Ja Ap-My Fb-Ap
Colona fragrocarpa In-Ag JI-Fb Ap-Ag Dc-Ap
Debregeasia IongiﬂJlia Sp-De Qc-De Ja-Ap, jl-Ag, Oc,Dc |-
Diospyros undulata Ap-My My-Ag Mr -
Elacocarpus lanceifolius In-Ag JI-Nv Ja-Ap De-Ja
Elaeocarpus prunifolius Ja-Ap Ap-Sp Ja-Ap Ja-Fb
Evrya acuminata Ag-Oc Sp-Ap Ja-De -
Ficus lamponga De-Fb, In-Ag  |Mr-My, Sp-Oc  }la, Jn My-Jn, Nv-Dc
Ficus hirta Ja-Dc Ja-De JI-Mr My-Ag
Ficus superba Oc-Fb, In-J1  {Mr-Ap, Ag-Sp  |Ja-Ag, Oc-Nv My-Ji, Sp-Oc
Glochidion acuminatum Mr-Jn In-Oc Ja-De Mr-Ap
Irvingia malayana Ap-In In-Sp Ap Fb-Ap
Lagerstroemia speciosa Mr-My My-Dc Mr-J Nv-Ap
Macaranga kurzii My-1l JI-De Fb-Oc Ja-Fb
Macropanax dispermus My-Ag JI-Fb Ja-31 Ja
Morus macroura Ja-Ap Fb-My Fb-J1 Nv-Ap
Reevesia pubescens Ap-My My-Mr Mr-JI Nv-Ap
Saurauia roxburghii Ap-ll In-Sp Mr-Ap, Jn-Ag, Oc-Dc |-
Schleichera oleosa Mr-Ap Ap-Oc Mr-1l Fb-Mr
Shorea obtusa Ap Ap-In Ap Ja-Ap
Sindora siamensis Ap-Tn In-Nv Fb-Mr De-Ja
Terminalia bellirica Mr-Ap My-Ja Mr-In Ja-Mr
Terminalia chebula Mr-Jn In-Sp Mr-J1 Ja-Mr
Terminalia mucronata Ap-My My-Ja Mr-Ap Ja-Mr
Tetradium grabrifolium In-Ag Ag-Dc Ap-11 Ja-Ap
Trema orientalis Mr-Ag Mr-Dc Ja, Mr-Sp .
Vaccinium sprengelii Oc-Mr Ja-Jn Ja-In De-Ja




CHAPTER 3
Propagating Native Forest Tree Species for Forest Restoration from Seed

Abstract

Propagation of high quality seedlings in nurseries in sufficient quantities is
one of the most important steps to restoring forest ecosystems. Previous research
identified many native forest tree species that are difficult to grow from seed. The A
research reported here aimed to develop suitable techniques to germinate the seeds
of 30 indigenous tree species, of potential value to forest restoration, but which had
not been grown successfully in nurseries previously. For the purposes of these
study, “acceptable” standard values for the germination parameters were
germination percent of 2 50%, MLD < 30 days and GP < 60 days. Pre-treatment
promoted seed germination for six species (five in the Leguminosea and one of
Elacocarpaceae), three species germinated more rapidly and had more synchronous
germination (Acrocarpus fraxinifolius, Albizia chinensis and Cassia fistula).
Remaining three species had germination intermediately (Afzelia xylocarpa,
Elaeocarpus lanceifolius and Sindora siamensis). Scarification promoted seed
germination for Acrocarpus fraxinifolius, scarification + soaking for Afzelia
xylocarpa, scarification and/or scarification + soaking for three species (Albizia
chinensis, Elaeocarpus lanceifolius and Sindora siamensis), and scarification
and/or acid treatment for 3 minutes for Cassia fistula. On the other hand,
germination of Befula alnoides, Ficus hirta and Schleichera oleosa, were
unacceptably low for all treatments (< 20%). Therefore, other seed pre-treatment or

other propagations must, therefore, be considered for these species.

Treatments were replicated in deep shade to determine which species were shade-
dependent, shade-tolerant or shade-inhibited. Shade-dependence was found for
Elaeocarpus lanceifolius. Shade-tolerance was found for eighteen species

(Acrocarpus fraxinifolius, Afzelia xylocarpa, Aporusa villosa, Betula alnoides,
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Diospyros undulata, Elacocarpus prunifolius, Ficus superba, Irvingia malayana,
Macropanax dispermus, Morus macroura, Saurauwia roxburghii, Schleichera
oleosa, Sindora siamensis, Terminalia bellirica, Terminalia chebula, Terminalia
mucronata, Tetradium glabrifolium and Vaccinium sprengelii). Seven species were
shade-inhibited (Debregeasia longifolia, Eurya acuminata, Ficus lamponga, Ficus
hirta, Glochidion acuminatum, Lagerstroemia speciosa and Shorea obtusa).
However, four species produced mixed results (4lbizia chinensis, Cassia fistula,
Reevesia pubescens and Trema orientalis). Germination trails were repeated by
sowing seeds in natural soil, in a small gap in natural forest, with no watering, to
determine the effects of nursery conditions on seed germination. It was considered
likely that regular watering and high light levels in the nursery would increase
germination or accelerate it. Fourteen species germinated better in the nursery than
in the gap. Five species germinated better in the gap than in the nursery (4/bizia
chinensis, Elaeocarpus lanceifolius, Tetradium glabrifolium, Glochidion
acuminatum and Lagerstroemia speciosa). Eleven species showed no difference in
germination between nursery and gap (dcrocapus fraxinifolius, Afzelia xylocarpa,
Aporusa villosa, Cassia fistula, Elaeocarpus prunifolius, Schleichera oleosa,
Sindora siamensis, Terminalia bellirica, Terminalia chebula, Terminalia muconata

and Trema orientalis).

3.1 Introduction

Production of native forest tree species for forest restoration requires simple
techniques, easily acquired by local communities (Vongkamjan er al., 2001).
Native forest tree species produce seeds with a wide range of sizes, shapes,
structures, chemical composition, water content and dispersal mechanisms. Also,
different species produce seeds at different times of the year. The physiological
characteristics of seeds, like basal metabolism at dispersal, development of
photosynthesis in the embryo, duration of quiescence, type and periodicity of

dormancy, speed of germination, germination display, and longevity in natural,
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moist or dry conditions also diverge greatly (Vazquez-Yanes and Orozco-Segovia,
1996). The greatest obstacles to using a wide range of native forest tree species for
restoring forest ecosystems is the difficulty of germinating their seeds and
propagating high quality seedlings in nurseries in sufficient quantities (Blakesley et
al., 2000). These tasks must be carried out at different times and to slightly
different degrees adapted to each individual species. Many native tree species have
long periods of seed dormancy or low germination rates and there is a lack of
knowledge about how to break dormancy and increase germination (Kuarak er al.,
2000; Blakesley et al., 2000). Dormancy in nature serves to protect seeds. Dormant
seeds, although they may appear to be dead, are in fact alive, but will only
germinate after they have been subjected to special natural conditions such as,
prolonged exposure to moisture, or rotting of the seed coat (Robbins and Shrestha,
1986; Vazquez-Yanes and Orozco-Segovia, 1996; Mulkey et al., 1996; Baskin and
Baskin, 1998; Hardwick, 1999; Singpetch, 2001; Woods, 2001). Also, in seasonal
tropical climates, dormancy ensures that seeds germinate when the monsoon has
arrived, when an adequate supply of moisture and warmth can be guaranteed for
successful growth of seedlings. In the forest of Doi Suthep, most fruits (>50% of
species) are available from the mid to the end of the rainy season (Chapter 2). If
they germinate immediately, the seedlings might not grow big enough to survive
the following dry season. Therefore, many lic dormant until the start of the
following rainy season. Dormancy must be broken quickly and seedlings grown
fast to produce seedlings big enough for planting ten months after the seeds are |
ripe. Otherwise seedlings have to be stored in the nursery for one year, wasting
time, labour and nursery space (Elliott et al., 2002). In this Chapter, I therefore
describe experiments designed to break seed dormancy, by various pre-treatment,
to enhance germination success; and partial and deep shade, nursery and natural

forest gaps are compared.
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3.2 Materials and Methods
3.2.1 Species Selection

The databases of the CMU Herbarium and FORRU were reviewed, to identify
native forest tree species of potential value to forest restoration, but which had not
previously been germinated in the nursery. Germination trials were carried out on
30 species, selected to represent 3 different seed size classes (small, medium and

large). Their characteristics are listed in Table 7.
3.2.2 Study Location

This study was conducted at FORRU’s research nursery and in natural forest gaps
near the nursery in the vicinity of Doi Suthep-Pui National Park Headquarters (1 8°
51'North, latitude and 98° 54 'East, longitude) at about 1000 m elevation in a

transitional zone between mixed evergreen-deciduous forest and evergreen forest.
3.2.3 Seed Collection

Data on collection time of seeds for 30 tree species, at elevations ranging from 600
to 1,600 m, are presented in Table 1. Seeds of sixteen species were collected from
the ground, whilst those of fourteen species were collected by cutting down small '
branches with a tree pruning pole. Seed collecting trips were made, when ripe
seeds could be collected, according to the phenology data derived from Chapter 2.
Seeds were collected from whatever parent trees were discovered to be fruiting
each time (Table 6). Fruits were collected only when the seeds within were
properly developed and mature. Therefore, fruits collected were inspected properly
for ripeness, and those either too young or too old and overripe were discarded.
Seed of some species may remain on the trees for considerable periods after

ripening, and this may account for some of the discrepancies in the literature on
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dates of seed collection, If fruits had been attacked by insects or were mouldy, they
were not collected. Care was taken when collecting fruits that had already fallen
from the tree, because many were old and often the seeds within had lost viability.
Good seed trees were selected, avoiding those that appeared superseded, diseased
or generally unhealthy. Whenever possible only the fruits were cut off, not the
branches, so that young flowers or fruits were not damaged. If the branches were
cut, as few as possible were cut with a sharp knife. No large wounds were made by
breaking or tearing down branches, as the tree would then easily became diseased.
Collected fruits were transported immediately to FORRU’s research nursery for
removal of seeds. Ideally, at least 2,100 seeds were collected, to allow for the
various treatments and adequate replication. The sowing dates of the seeds of each

species are presented in Table 6.
3.2.4 Seed Treatments

For all species, some seeds that had been cleaned and dried already were planted as

controls.

Treatment by soaking: seeds were soaked in water overnight. The seeds were sown
immediately after soaking, because subsequent drying makes the treatment

ineffective.

Treatment by cutting or scarification: the seed coverings were removed by hand by
cutting with a sharp knife, scissors, or with a file. Sometimes seeds were cracked or
nicked with a hammer or vice, depending on the structure of seed. This was done at
the end of the seed furthest from the point at which the seed was attached to the
fruit, which was usually indicated by a small scar. This end was where the embryo
radicle is normally found. Scarification did not proceed to the point at which seeds
were injured. This treatment was not applied to the small seed size group (10

species).
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Treatment by both scarification and soaking (scarification + soaking): seeds were
scarified first and then soaked in water overnight. This treatment was not applied to

the small seed size group (10 species).

Treatment by hot water (heat): seeds were immersed in hot water to make the seed
coat more permeable to water. This was done by dropping seeds into about 4 times

their volume of hot water and allowing them to cool in the water overnight.

Treatment by acid: acid treatment consisted of the following steps: 1) concentrated
sulfuric acid (95 % pure) - was poured into a glass container; 2) seeds were placed
in a copper wire mesh container; 3) seeds were immersed in the acid until covered;
4) seeds were soaked in the acid for the required time (30 seconds, 1 minute, and 3
minutes for small seeds; 1 minutes, 3 minutes, and 5 minutes for medium-sized
seeds and 3 minutes, 5 minutes, and 10 minutes for large seeds); 5) seeds were
removed from the acid and washed over a wire screen, in running water, for 5 to
10 minutes to remove all acid. The seeds were stirred carefully during rinsing; 6)
seeds were dried in thin layers in trays unless wet sowing was preferred and 7)
seeds were sown after drying. The acid, seeds, and containers were handled with
great care to avoid damaging clothing and to avoid skin burns. Care was taken not
to splash water into the acid, because the resulting violent reaction might splatter

the acid, causing injury.

3.2.5 Sowing the Seeds

After the seeds were treated, they were sown immediately into modular plastic
trays which contained forest soil. Different seeds were sown at different depths
according to their sizes; about one or two times their diameter under the surface.
Seeds were sown in the nursery to determine whether pre-treatments of the seeds
stimulated germination. In addition to test the effects of the treatments described

above, the effects of shade were also evaluated by placing seed germination trays
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(replicated for all seed treatments) on bench tops in 40% sunlight {equivalent to
shade levels beneath weeds in deforested sites) and under the benches (2% of full
sunlight, equivalent to shade levels beneath an evergreen forest canopy). In
addition seed germination experiments in the nursery were replicated under natural
conditions in forest gaps, to assess how much nursery conditions (control) enhance
germination and to determine levels of seed predation (see Chapter 4). For each
species, 108 seeds were divided into three replicate batches of 36 (except, 72 seeds
were divided into three replicate batches of 24 for Schleichera oleosa, Diospyros
undulata, Aporusa villosa, Albizia chinensis, Saurauia roxburghii and Vaccinium
sprengelii) which were randomly assigned to different treatments and watered
daily. For each treatment, there were 3 replicates, and a control group sown in the
nursery and in the forest gap near the nursery, with 36 seeds (and 24 seeds for six
species above) in each replicate. In the forest gap, a caged replicate was used as a
control to measure the effects of seed predation. For seven species were caged by
dig soil deeply for burring cages before cover with cage again to protect small
mammal, (Elaeocarpus lanceifolius, Elaeocarpus prunifolius, Irvingia malayana,
Shorea obtusa, Terminalia bellirica, Terminalia mucronata and Terminalia
chebula) Small seeds were protected from ant predation by being sprayed with an

insecticide.

Twenty seeds of each species were saved for measurements of mass and seed size
(Table 7). Germination percentage, median length of dormancy (MLD) and
germination period (GP) were recorded and an ANOVA with a complete
randomized design was used to test the significance of the effects of each treatment
and of shade on germination. T-tests were carried out to compare the mean number

of seeds that germinated between nursery and natural forest gap conditions.
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3.3 Results

The tree species tested included 30 species from 19 different families (Table 12).
Most fiuits (>50% of all species) are dispersed in the late wet season to early dry

season (August-January) (Table 13).
3.3.1 Effects of Pre-treatment

Maximum germination percentages ranged from 19% to 100% (Table 6). However,
most species (70% of all species) had mean germination percentages of 62% or
greater, while, nine species had low germination percentages (ranging from 19% to
47%). The median length of dormancy (MLD) ranged from 3 days to 266 days.
Following the protocol of Elliott er al., 2002, germination was defined as rapid if

the MLD occurred within 3 weeks, and slows if the MLD occurred after 12 weeks.

Acrocarpus fraxinifolius

Scarification resulted in the highest germination percentage (90%) and gave the
significantly highest mean number of seeds germinating. Also, scarification
dramatically accelerated germination (MLD 4 days, compared with 45 days for the
control) and reduced GP (5 days, compared with 44 days for the control). Although
scarification + soaking resulted in the lowest MLD (3 days), the result did not
differ significantly from scarification. Therefore, scarification was the best

treatment for this species (Table 8.1).

Afzelia xylocarpa

Scarification + soaking resulted in the highest and most rapid germination. The
MLD of scarification + soaking was 30 days, but this result was not significantly
different from soaking (32 days), acid 10 minutes (35 days) and 15 minutes (34
days). Pre-treatment had no effect on GP compared to the control. Thus,

scarification + soaking were the best treatment for this species (Table 8.2).
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Albizia chinensis

Scarification and scarification + soaking resulted in significantly the highest, most
rapid and most synchronous germination and were the best treatments for this
species (Table 8.3).

Aporusa villosa

Scarification resuited in the highest germination percentage (94%). Pre-treatment
either reduced germination compared with the control or had no significant effect.
Scarification + soaking, acid treatment for 3 minutes and acid treatment for 5
minutes significantly accelerated germination and acid treatment for 5 minutes
significantly reduced GP, but all these treatments also reduced percentage
germination to unacceptably low levels. All seeds were killed when treated with

acid for 10 minutes. Therefore, the control was the best treatment for this species
(Table 8.4).

Betula alnoides
Germination was very low for this species with long MLD and GP’s. No treatments
significantly improved germination compared with the control. Other seed pre-

treatment or vegetative propagation maust, therefore, be considered (Table 8.5).

Cassia fistula

No germination occurred with the contro! or with soaking. Acid treatment for 10
minutes and scarification + soaking resulted in significantly the highest
germination percentage (98%). Scarification + soaking resulted in significantly the
lowest MLD (6 days), but this result did not differ significantly from acid treatment
for 10 minutes, scarification (7 days) and acid treatment for 5 minutes (9 days).
Although scarification resulted in the lowest GP (10 days), it did not differ
significantly from scarification + soaking, acid treatments (for 5 and 10 minutes)
and heat. Some seeds éubjected to scarification went moldy, with a white fungus

appearing during the first week after sowing. This did not occur with other
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treatments. Therefore, both acid treatment for 10 minutes and scarification +
soaking were the best treatments and brought about more synchronous germination
for this species (Table 8.6).

Debregeasia longifolia
Treatments had no significant effect on germination, or GP and did not
significantly accelerate germination compared with the control. Thus, the control

was the best treatment for this species (Table 8.7).

Diospyros undulata

No treatments significantly increased germination, and germination remained less
than 50%. There is therefore a need to try other methods. The treatments had no
significant effects on MLD. Acid treatment for 10 minutes significantly reduced
GP (to 1 day), but this may be because only a few seeds germinated. All seeds were
killed when freated with acid for 15 minutes. Thus, the control was the best
treatment for this species, although new methods to increase germination are
needed (Table 8.8).

Elaeocarpus lanceifolius

Previous experiments have shown that poor germination occurred if seeds were
scarified using a hammer or a sharp knife to make a small hole in the pyrene wall.
So, scarification was done using a sharp knife to completely remove the endocarp
(pyrene wall). Scarification and scarification + soaking both resulted in
significantly the highest and most rapid germination percentage. Treatments had no
significant effect on GP. Thus, scarification and scarification + soaking were the
best treatments for this species (Table 8.9).

)
Elaeocarpus prunifolius
Previous experiments have shown that poor germination occurred if seeds were

scarified using a hammer or a sharp knife, to make a small hole in the pyrene wall.
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So, scarification was done using a hammer to completely remove the endocarp
pyrene wall. No germination occurred with the control, soaking, heat and acid
treatment for 5 minutes. Scarification and scarification + soaking resulted in
significantly the highest germination percentage and lowest MLD treatments had
no significant effect on GP. Therefore, scarification and scarification + soaking

were the best treatments to germinate this species (Table 8.10).

Eurya acuminata
No treatments had any effects on any of the germination parameters. At 68%,

germination of the control was adequate (Table 8.11).

Ficus hirta
Treatments had no significant effects on any of the germination parameters.

Therefore, the control conditions were best for this species (Table 8.12).

Ficus lamponga
No treatments significantly increased germination and heat significantly reduced it.
Treatments had no effect on MLD. The significant reduction in GP caused by the

heat treatment was probably the result of so few seeds germinating (Table 8.13).

Ficus superba
No treatments significantly increased percentage germination, compared with the
control and no treatments had any effects on GP and MLD. Therefore, the control

conditions were best for this species (Tabie 8.14).

Glochidion acuminatum

Soaking, scarification + soaking, acid treatments for 3 and for 5 minutes all
significantly increased germination, with soaking giving the best result. Of the
treatments that increased germination, only acid treatment for 5 minutes also

significantly accelerated it, nearly halving the MLD. Treatments had little or no
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effect on GP. The best compromise between high germination and low MLD was

probably acid treatment for 5 minutes (Table 8.15).

Irvingia malayana

Heat was the only treatment, which significantly increased germination percentage
(96%), although it did not significantly reduce MLD. Both scarification treatments
reduced MLD, but they also reduced percentage germination. Previous experiments
showed that no germination occurred if seeds were scarified by a sharp knife to
completely remove the ehdocarp pyrene wall. So scarification was done using a
sharp knife to make a small hole in the pyrene wall, without destroying the seeds.
Treatments had no significant effects on GP. Thus, heat was the best treatment for

this species (Table 8.16).

Lagerstroemia speciosa

Soaking and acid treatments (both 5 and 10 minutes) resulted in the highest
germination. The treatments did not differ in their effects on MLD. Since acid
treatment for 5 minutes resulted in a significantly longer GP than acid treatment for

3 minutes and soaking, these latter 2 treatments were therefore, recommended
(Table 8.17).

Macropanax dispermus

No treatments significantly increased or accelerated germination or reduced GP
compared with the control. Thus the control conditions were best for this species
(Table 8.18). |

Morus macroura
No treatments significantly increased germination percentage compared with the
control, However, soaking and acid treatments for 30 seconds and for 1 minute all

significantly accelerated germination and acid treatment for 1 minute also
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significantly reduced GP. Therefore, acid for 1 minute is probably the best
treatment for this species (Table 8.19).

Reevesia pubescens

Acid treatments for 3 minutes and 5 minutes resulted in significantly the highest
germination percentages (91% and 81% respectively). Scarification resulted in the
lowest MLD (15 days); significantly lower than all other treatments. Acid
treatments did not significantly reduce MLD, compared with the control. In view of
the low percentage germination achieved with scarification, acid treatment for 3

minutes was the best treatment for this species (Table 8.20).

Saurauia roxburghii

All treatments resulted in unacceptably low germination. Soaking and acid
treatment for 3 minutes significantly increased germination but only to 38-43%
(from 17%). No treatments significantly reduced MLD. Interpretation of the effects
of treatment on GP is difficult, since percentage germination of the control was so
low. Other seed treatments or vegetative propagation should be tested for this
species {Table 8.21).

Schleichera oleosa

Germination of this species was unacceptably low for all treatments (<20%). Other
seed treatments or vegetative propagation should be tried for this species (Table
8.22).

Shorea obtusa

No treatments were significantly better than the control (83%) which produced
very high, rapid and synchronous germination. Soaking and scarification also
produced good results but not significantly better than the control. Heat and acid
killed Shorea obtusa seeds. Thus, the control was the best treatment and brought

about more synchronous germination for this species (Table 8.23).
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Sindora siamensis

Scarification and scarification + soaking resulted in significantly the highest and
most synchronous germination. These treatments also resulted in most rapid
germination, although the results did not differ significantly from the. control.
Therefore, scarification and scarification + soaking were the best treatments and

brought about synchronous germination for this species (Table 8.24).

Terminalia bellirica

Germination was very high for this species (91% for control). Increases in
germination caused by treatments were therefore small but one result was
significant. Soaking significantly increased germination (by about 9%) and
accelerated it (on average by 6 days). Treatments had no significant effects on GP.

Therefore, soaking was the best treatment for this species (Table 8.25).

Terminalia chebula

Germination was very low, with no treatment raising the percentage of germination
above 40%. Scarification resulted in the highest germination percentage (38%).
Previous experiments showed that poor germination occurred, if seeds were
scarified using a hammer or a sharp knife to make a small hole in the pyrene wall
s0, scarification was done using a hammer to completely remove the endocarp
(pyrene wall). Only scarification significantly increased germination, compared
with the control, albeit only to 38% (from 3%). Pre-treatment did not significantly
affect MLD or GP compared to the control. Thus, scarification was the best
treatment for this species, but better treatments need to be devised to raise %

germination to an acceptable level (Table 8.26).
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Terminalia mucronata

Acid treatments for 10 minutes and for 5 minutes both resulted in the highest
germination percentage (46% and 42%, respectively). The control resulted in 11%
germination. There were no significant differences in MLD or GP among
treatments. Therefore, acid treatments for 5 and/or for 10 minutes were the best

treatments for this species (Table 8.27).

Tetradium glabrifolium

Germination for this species was generally low. All 3 acid treatments significantly
increased germination compared with the control, but only up to 29-41%
(compared with 4% for control). Acid treatments for 5 and 10 minutes were equally
the most effective at increasing germination. No treatments accelerated
germination, compared with the control and no treatments had any effects on GP.
Therefore, acid treatments for 5 or 10 minutes were the best for this species (Table
8.28).

Trema orientalis

Acid 3 minutes resulted in significantly the highest germination percentage (98%),
dramatically higher than the control. Treatments had no significant effect on MLD
and GP. Thus, acid treatment for 3 minutes was the best treatment for this species.
Soaking seeds in acid for more than 3 minutes might further increase percentage

germination and decrease MLD and GP (Table 8.29).

Vaccinium sprengelii

No treatments significantly increased or accelerated germination. Treatments had
no significant effects on GP. Therefore, the control was the best treatment for this
species (51%) (Table 8.30).
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3.3.2 Effects of Shade

The treatments were replicated in deep shade, to determine which species were
shade-tolerant. For the purpose of this study, shade tolerance is defined as no
significant change in numbers of seeds germinating and no significant changes in
MLD and GP in the deep shade treatments compared with partial shade. A
significant increase in the number of seeds germinating and significantly reduced
MLD’s or GP’s with deep shade would indicate shade dependence. Inhibition by
deep shade is indicated by a significant reduction in the numbers of seeds
germinating and significant increases in MLD and GP. Within each species, results
obtained with each seed pre-treatment can be contradictory e.g. shade tolerance
with some pre-treatment and inhibition with other pre-treatment. Therefore, more
weight should be given to the control results, with pre-treatment results considered
with less weight. Also, there may be mixed results among the germination
parameters e.g. seeds germination significantly reduced (inhibition) but MLD
unaffected (tolerance). Differences in GP, when seed germination is low, should be
ignored. Therefore, value judgments must be made, based on the data presented in
Table 8.

The responses of the species to shade are classified in Table 9. Only one species
was considered to be shade-dependent, with eighteen classed as shade-tolerant.
Seven species were inhibited by shade and four species had mixed results and

could not be classified. The mixed results for these four species are detailed below.

Albizia chinensis

Deep shade reduced percent germination of seed (all treatments, except heat and
acid treatment for 3-5 minutes), but did not significantly reduce mean number of
seeds germinating (all treatments, except control (2-tail sig. < 0.05), soaking (2-tail
sig. < 0.05), acid 3 minutes (2-tail sig. < 0.05) and acid treatment for 5 minutes (2-

tail sig. < 0.001)). Also shade did not significantly reduce MLD (all treatments,
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except soaking (2-tail sig. < 0.01), scarification (2-tail sig. < 0.01) and acid
treatment for 3 minutes (2-tail sig. < 0.05)). Furthermore deep shade did not
significantly reduce GP (all treatments, except control (2-tail sig. < 0.001) and acid

treatment for 5 minutes (2-tail sig. < 0.001).

Cassia fistula

Deep shade reduced percent germination (all treatments, except heat and acid
treatment for 3 minutes), but did not significantly reduce the mean number of seeds
germinating (all treatments, except scarification (2-tail sig. < 0.05) and acid 3
minutes (2-tail sig. < 0;001)). Also deep shade did not significantly reduce MLD
(all treatments, except scarification + soaking, df = 4, 2-tail sig. < 0.05) and did not
significantly reduce GP [all treatments, except scarification (2-tail sig. < 0.05), acid
3 minutes (2-tail sig. <0.001) and acid 5 minutes (2-tail sig. < 0.01)].

Reevesia pubescens

Deep shade reduced percent germination of seed (all treatments, except soaking,
scarification + soaking, heat, acid treatment for 3 minutes and acid treatment for 10
minutes), but did not significantly reduce mean number of seeds germinating (all
treatments, except soaking (2-tail sig. < 0.05), scarification (2-tail sig. < 0.01), acid
5 minutes (2-tail sig. < 0.001) and acid treatment for 10 minutes (2-tail sig. <
0.001)). Also shade did not significantly reduce MLD [all treatments, except
soaking (2-tail sig. < 0.001), scarification -+ soaking (2-tail sig. < 0.001), acid
treatment for 3 minutes {2-tail sig. < 0.001) and acid treatment for 10 minutes (2-
tail sig. < 0.05)]. Furthermore deep shade did not significant reduce GP [(all
treatments, except scarification + soaking (2-tail sig. < 0.05) and acid treatment for

10 minutes (2-tail sig. < 0.001)].
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Trema orientalis

Deep shade reduced percent germination of seed (all treatments), but did not
significantly reduce mean number of seed germination [all treatments, except
control (2-tail sig. < 0.01), acid 30 seconds (2-tail sig. < 0.05), acid 1 minutes (2-
tail sig. < 0.05) and acid 3 minutes (2-tail sig. < 0.001)]. Also shade did not
significantly reduce MLD and GP (all treatments).

3.3.3 Effects of Nursery and Natural Forest Gaps

Comparisons of germination response between nursery and forest gap are presented
in Table 10.

The responses of the species to nursery and gap conditions are classified in Table
11. Fourteen species germinated better in the nursery. Five species germinated
better in the gap, whilst eleven species showed no significant differences in
germination response between gap and nursery. Thus, sixteen species might
suitable for direct seedling, based on germination (Acrocarpus fraxinifolius, Afzelia
xylocarpa, Albizia chinensis, Aporusa villosa, Cassia fistula, Elaeocarpus
lanceifolius, Elaeocarpus prunifolius, Glochidion acuminatum, Lagerstroemia
speciosa, Schleichera oleosa, Sindora siamensis, Trminalia mucronata, Terminalia
bellirica, Terminalia chebula, Tetradium glabrifolium and Trema orientalis), but

don’t forget seed predation (see Chapter 4).

3.4 Discussion

3.4.1 Effects of Pre-treatments

Seeds of 30 native tree species were investigated to find promising pre-treatments,

suitable for nursery use and to assess the degree of seed coat dormancy. Dormancy

caused by a hard seed-coat may be overcome by applying pre-treatments.
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Therefore, species were classified by the responses of their seeds to the pre-
treatments applied. Species could be classified into two groups: i) non dormant,
those with seeds that germinated best with no pre-treatment and MLD < 28 days,
and i) dormant those with seeds whose germination was improved by pre-
treatment (see Tables 12). Seeds that germinated well without pre-treatment were
generally recalcitrant and/or had thin or soft testas. Rapid, high germination
implied that the coat of such seeds was permeable to water. Such species are strong
candidates for further investigation into the feasibility of direct seeding, as an
alternative to planting seedlings to restore forest to deforested sites. On the other

hand, where dormancy is more complex, seeds need specific pre-treatment.

Germination percentages of the 30 native tree species tested (without pre-
treatment) ranged from 0 to 94%. The MLD ranged from none to 260 days and GP
ranged from none to 136 days. However, for the purposes of this study
“acceptable” standard values for the germination parameters were a germination
percent of 2 50%, MLD < 30 days and GP < 60 days. These values were
considered necessary for efficient nursery production of seedlings for forest
restoration. For eleven species (or one third of the species tested) treatments
applied changed unacceptable values of these parameters (in the control) into
acceptable values (Aporusa villosa, Debregeasia longifolia, Eurya acuminata,
Ficus lamponga, Ficus superba, Macropanax dispermus, Morus macroura,
Reevesia pubescens, Shorea obtusa, Terminalia bellirica and Vaccinium
sprengelii). For one species (Jrvingia malayana) germination increased above 50%

or greater, although MLD and GP remained unacceptable.

Rapid and synchronous germination is good for seedling production since seedlings
are the same age and size at planting time. For the purposes of nursery production,
Blakesley et al. (2002) suggested the germination was defined as rapid if the MLD
was 21 days or less, intermediate if the MLD was 22 - 83 days and slow if the

MLD was 84 days or more. Likewise, for this study germination was defined as
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synchronous if GP was 21 days or less, intermediate if the GP was 22-83 days and
prolonged if the GP was 84 days or more. Seven species germinated rapidly
(Debregeasia longifolia, Ficus lamponga, Ficus superba, Morus macroura,
Reevesia pubescens, Shorea obtusa and Vaccinium sprengelii), but only four of the
seven had synchronous germination (Ficus superba, Morus macroura, Reevesia
pubescens and Shorea obtusa). The remaining 3 species of the seven had
intermediate germination. Four species had MLD’s of between 22 to 83 days or
MLD intermediately (4porusa villosa, Eurya acuminata, Macropanax dispermus
and Terminalia bellirica). Only one of those four species had synchronous

germination (Aporusa villosa) and three species had intermediate germination.

A good test of the effectiveness of a seed treatment is whether it changes
unacceptable values of germination parameters (for the control) into acceptable
values (with the treatment). Pre-treatments did have such an effect on 6 species,
converting them from 19 species, into species that could be successfully
germinated (Acrocarpus fraxinifolius, Afzelia xylocarpa, Albizia chinensis, Cassia
fistula, Elaeocarpus lanceifolius, and Sindora siamensis). Pre-treatment promoted
rapid seed germination and brought about more synchronous germination of three
species (Acrocarpus fraxinifolius, Albizia chinensis, and Cassia fistula).
Remaining three species germinated intermediately, but two species (with pre-
treatment) brought about more synchronous germination (Afzelia xylocarpa and
Sindora siamensis) and one species (Elaeocarpus Iahceiﬁ)lius) had intermediate
germination. Therefore, other seed pre-treatment or other propagations may,

therefore, be considered for thirteen from nineteen species.

However, Blakesley er al. (2000) suggested some species might qualify as potential
framework species due to other attributes, such as high growth rate in containers or
good field performance or to be fire-resistant. Three of the thirteen species
(Irvingia malayana, Lagerstroemia speciosa and Trema orientalis) had high

germination percentages (78-98%), but high MLD (86-149 days) and high GP (48-
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150 days). Ten of thirteen tree species had low germination percentages (18-47%)
both with and without treatments (Betula alnoides, Diospyros undulata,
Elaeocarpus prunifolius, Ficus hirta, Glochidion acuminata, Saurauia roxburghii,
Schleichera oleosa, Terminalia chebula, Terminalia mucronata, and Tetradium
glabrifolium). Germination of three species (Befula alnoides, Ficus hirta and
Schileichera oleosa) were unacceptably low for all treatments (£ 20%). Three of
nine species germinated rapidly and synchronously, even though they had low
germination percentage: Diospyros undulata, Terminalia mucronata, and Ficus

hirta.

Most species of the family Leguminosae exhibit seed dormancy; caused by the seed
coat or testa or endocarp dormancy (Baskin and Baskin, 1998) or innate dormancy
(Schmidt, 2000) or the embryo coverings (testa) (Bradbeer, 1988). Their seeds had
a thick and impermeable testa which prevented water uptake and gaseous
exchange. Schmidt (2000) reported that the general structure of the seed-coat
consists of four distinct layers: 1) the cuticle is the outermost layer which has a
waxy and water-repellent character; 2) macrosclereids or a palisade layer; 3)
osteosclereids and 4) a parenchyma layer, which is made up of a layer of little
differentiated cells. Schmidt (2000) noted that in seeds, the cells of the palisade
layer of the seed-coat take up water, and the softening process spreads from the
initial site of imbibition into the whole seed-coat within few hours when
submerged in water. Treatments that make the seed coat more permeable to water
and gases are scarification, heat (expansion might cause testa to split) and acid.
Treatments that wash out or denature chemical inhibitors are; soaking, acid and
heat. In - addition heat might accelerate seed metabolism and break innate
dormancy. Cassia fistula responded to scarification + soaking or acid treatments
for 10 minutes which removed the waxy seed-coat and enabled the seeds to imbibe
water. These results agreed with those of Kobmoo (1990), who achieved 91%

germination with scarification and soaking in the water overnight.
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Acrocarpus fraxinifolius seeds have testa dormancy. Without any special
treatments, and sowing the seeds in forest soil under partial shade resulted in 3%
germination, this agreed with Kopachon (1995) and Elliott es al. (1996). They
found that without any special treatments, sowing the seeds in forest soil, under
partial shade, resulted in only 6.9% and 9% germination, respectively. Therefore,
seeds required scarification to germinate well (90%). While, acid treatment for 10
minutes gave 39% germination and heat treatment gave 9% germination. These
results disagree with those of Sosef ef al. (1998) who reported that seeds treated
with acid for 10 minutes or hot water and left to imbibe in water for 24 hours
before sowing in shade, had 80-95% germination. Also, Kopachon (1995} reported
that soaking seeds in hot water at 60-70 °C for 20 minutes, increased germination
to 85%.

Afzelia xylocarpa, seeds have physical dormancy and required scarification +
soaking to germinate well (96%). Kobmoo (1990) reported that scarification +
soaking resulted in 79% germination. Also, Albizia chinensis and Sindora
siamensis, seeds have physical dormancy and required scarification and/or
scarification + soaking to germinate well (93-96% and 61-74%, respectively. For
Albizia chinensis this result agreed with Athaya, 1990; Blain and Kellman, 1991
and Baskin and Baskin, 1998. While, Singpetch (2001) found that scarification by
hand and sowing the seeds in sand: rice husk (1:1), achieved 78.3% germination.
FORRU (2000) reported that, without any special treatments, under partial shade,
the expected germination was least than 20% over 30-179 days. Sosef ef al. (1998)
reported that pre-treatment of seed with boiling water, concentrated sulfuric acid or

by nicking the seed-coat is usually recommended overcome dormancy.

Therefore the conclusions of this study, agree with evidence from the literature is
that, for legumes, treatments that perforate the outer seed coat can considerably

increase and accelerate germination.
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Seeds in the family Elaeocarpaceae (Elaeocarpus lanceifolius and Elaeocarpus
prunifolius), seeds have dormancy caused by a tough endocarp, which prevents
gaseous exchange (Bradbeer, 1988). Imbibition may take place, but the radicle is
unable to split or penetrate its enclosure. Physical restriction of. embryo
development may be overcome by extracting the seceds from the endocarp. Previous
results showed that for seeds of Elaeocarpus lanceifolius and Elaeocarpus
prunifolius complete removal of the seeds by cracking open the endocarp is.
necessary to increase germination percentage (Vongkamjan, unpublish) and is
better than simply nicking the woody endocarp with a small cut. This was also true
for Terminalia chebula and Terminalia mucronata. In contrast, seeds of Irvingia
malayana and Terminalia bellirica rotted if the woody endocarp was cracked to
extract the seeds (Baskin and Baskin, 1998). Seeds of this species have a hard
woody pericarp (Bradbeer, 1988), which prevents water uptake and gaseous
exchange. Therefore, dormancy could be overcome by soaking the seeds in water
and hot water; Terminalia bellirica required soaking in water for 24 hours to
germinate well (100%), while, Irvingia malayana responded to soaking in hot
water (96%).

Dormancy may be overcome by acid treatment and/or scarification, e.g. Reevesia
pubescens, Morus macroura Lagerstroemia speciosa, Trema orientalis,
Glochidion acuminatum, Terminalia mucronata and Tetradium glabrifolium.
Elliott et al. (1996) reported that for Morus macroura, sowed in forest soil without
treatment had 76.4% germination. It was included in this study, because they had
small seedlings and grew slowly, so direct seeding in a natural forest gap, and
cutting propagation could be tried. After seeds were treated with soaking or acid
treatment for 1 minute, 99% germination was achieved. Kobmoo (1990) found that
without any special treatments, sowing the seeds of Lagerstroemia speciosa in soil:
sand: husk rice charcoal (3:2:1) resulted in 51-75% germination. For Terminalia
mucronata, this result agreed with data from Elliott ef al. (1996). They reported

that non-treated seeds sown in forest soil under partial shade resulted in 13.9%
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germination, comparable with the control in my experiment, which resulted in 11%

germination.
3.4.2 Effects of Shade

One species {Elaeocarpus lanceifolius) was shade-dependent whilst eighteen were
shade tolerant (see Table 13). The shade-dependent species and thirteen of the 18
shade tolerance species had medium or large seeds. Large seeds have large food
reserves, enabling seedlings to survive a long period in shade for establishment in
the new environment before becoming dependent on their own assimilation. Sosef
et al. (1998) reported that Acrocarpus fraxinifolius is a light demander and a
pioneer tree, but can tolerate slight shade when young. Might due to germination
type is PEF (phanerocotylar epigeal foliaceous) (see Appendix I) must become self-

sufficient, by beginning photosynthesis as soon as they germinate.

Therefore, large seed size and shade-dependence or shade-tolerance are often
associated. Initially after radicle emergence, a developing seedling acquires all
necessary resources from seed reserves and its growth rate is independent of
external resource availability. Sork (1987) reported that seedling establishment was
influenced also by site and light conditions, but larger seed size facilitates
establishment of seedlings under low light conditions. However, the larger-seeded
species suffer greater predation (Chapter 4) and have limited to their seed dispersal

mechanisms.

Seeds of climax species may germinate (and the seedlings become established) in
dim light on the forest floor (e.g. Shorea obtusa, Diospyros undulata). Furthermore
their seedlings may survive longer than those of pioneer species. The pioneer
species require high light, associated with gaps in the canopy, for germination and
seedling establishment (e.g. Acrocarpus fraxinifolius). Baskin and Baskin (1998)

noted that the light requirement of pioneer species for germination may vary with
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temperature. Sosef ef al. (1998) noted that Albizia chinensis seeds should be sown
- in full light to assure optimal germination. Four species could not be categorised
because they had mixed results. Trema orientalis was a pioneer species, with seeds
that required light for germination and remained dormant for a long time, even in

the continuous presence of available water and appropriate temperatures for

germination.
3.4.3 Effects of Nursery and Gaps

Fourteen species responded positively to nursery conditions (see Table 13). In
nurseries, artificial watering is normal, but in gaps, direct sowing must be
scheduled for the rainy season when conditions for germination and seedling

establishment are optimal.

Five species responded positively to gap conditions. All these seeds were dispersed
in the late wet-early dry season (Albizia chinensis, Elaecocarpus lanceifolius,
Glochidion acuminatum, Lagerstroemia speciosa, and Tetradium glabrifolium) and
included both medium and Iarge seeds and both pioneer and climax species. Eleven
species (seven large, three medium and one small seed size) sown in the nursery
did not differ significantly in their germination variables from natural forest gaps.
Three of the eight species were dispersed in the early wet, five in the late wet and

three in the dry season.

Sosef et al. (1998) reported that direct sowing is often applied for Albizia
chinensis, because planting out nursery-grown plants disturbs the long taproot,
which develops rapidly in young seedlings. Also, for Terminalia bellirica, direct
seeding in Java was successful (at 1 m x 3 m) and no weeds could develop under

the rather dense crowns.
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Because Elaeocarpus prunifolius showed no difference in response between in the
nursery and natural forest gap, because no seeds germinated. Therefore, fifteen
species showed promise for direct seedling. Direct sowing is likely to be less
successful, in terms of survival rate, than planting, because germinating seeds do
not have a competitive advantage over weeds, which established seedlings have.
Furthermore, the likelihood of seed predation must take into account and this is
covered in Chapter 4. Yet where seeds are relatively cheap, and nursery and
planting costs high, or where terrain conditions make field planting difficult, direct
seeding using these species could be efficient and warrants further testing as a

larger scale.

Further research of seed pre-treatment methods are necessary to determine the
required other pre-treatment or other propagation methods for thirteen species. The

effect of shade should be considered for planting in other native tree species.
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Table 6. Tree species from which seeds were collected and sowing date.

Species Flowers Fruits Dispersal  |Collection Collection Sowing
fime month date date
Acrocarpus fraxinifolius iy, ppe Mr-My My My-Ji 171312001 |17/Ag/2001
Afzelia xylocarpa Fb-Ap My-Ja De-Ja De-My 19/ApP2001  |27/1m72001
Albizia chinensis Ap-My My-Fb AgFb Ag-Fb 22000 |18/My/2000
Aporusa viiiosa Ja-Mr Mr-My Ap-My My 10/My/2000  {15/My/2000
Betula alnoides Dc-Fb Ja-Mr Fb-Mr Fb-Mr 15/Fb2001  [20/Mr/2001
Cassia fistula Fb-My My-Ja De-Ja Dc-Ap 16/Ap/2000  {25/5p/2000
Debregeasia longifolia Sp-De Qc-De Dc De 10/De/2000  {15/Def2000
c Diospyros undulata Ap-My My-Ag I-Ag J-Ag 10/Ag72000  |17/Ag/2000
Elaeocarpus lanceifolius |In-Ag JI-Nv Nv Nv-Dc 24/MNv/2001 1571272001
Elaeocarpus prunifolius  |Ja-Ap Ap-Sp Ag-Sp Ag-Sp 17/Ag2001  |9/0c/2001 .
ELurya acuminata AgOc Sp-Ap Mr-Ap Mr-Ap 11/Ap2001  {5/My/2001
Ficus lamponga Dc-Fb, Jn-Ag |Mr-My, Sp-Oc  {Mr-My, Sp-Oc |Mr-My, Sp-Oc  [30Mr2001  {1/ap2001
Ficus hirta Ja-Dc Ja-Dc Ag-Oc Ag-Oc 24/Agf2001 19/Mr/2001
Ficus superba Oc-Fb, In-11  [Mr-Ap, Ag-Sp [Ap, Ag Ap, Ag 14/M2001  §21/5p/2001
Glochidion acuminatum \s 1, In-Oc Sp-Oc Sp-Oc 19/5p72000  |26/5p/2000
Irvingia malayana Ap-Jn In-Sp Ag-Sp AgDc 16/Nv/2000  |811a72001
Lagerstroemia speciosa  |Mr-My My-Dc Sp-De Sp-De 36/De/2000  11/1a72001
Macropanax dispermus  |My-Ag JI-Fb De-Fb Dec-Fb 19/1a/2001 7/Fb/2001
Morus macroura Ja-Ap Fb-My Ap-My Ap-In 30/ApR2001  |14/In/2001
Reevesia pubescens Ap-My My-Mr Ja-Ap Nv-Ap INV2000  |17/N/2000
Saurauia roxburghit Ap-Hl In-Sp Ag-Sp Ag-Sp 9/AZ2000  |25/Ag/2000
L Schieichera wleasa Mr-Ap Ap-Oc Ag-Oc Ag-Oc 10/A2/2000  |15/A2/2000
Shorea obiusg Ap Ap-In My-In My-Jn 11/My72001  |13/My72001
Sindora. sigmensis Ap-In Jn-Nv Oc-Nv Oc-Fb 18/F612001  |14/m2001
Terminalia bellirica Mr-Ap My-Ta De-Ja De-Fb 26022001 [29/Me2001
Terminalia chebula Mr-Jn In-Sp Sp Sp-Fb 22/Fbf2001  {25/My/2001
Terminalia mucronata 1oz . [My-Ja De-Ja De-Mr 3Mr2001  |13050/2001
Tetradium glabrifolium In-Ag Ag-Dc Oc-De Oc-Dc 10/De/2000 | 12/Mr/2001
Trema orientalis Mr-Ag Mr-Dc $p-De Sp-De 20/5p/2000  |7/0c12000
Vaccinium sprengelii |50 My Jain My-In My-Jt 31/My12000 [250/2000
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Species Seed Data lustration
Acrocrarpus fraxinifolius |seed size* medium
weight (g) 0.0337+0.003 ' .
dispersal method {wind [ .cm
dispersal month |My
integument thick testa
Afzelia xylocarpa seed size large
weight (g) 6.2026+2.009
dispersal method |animal l.'cm
dispersal months {Dc-Ja
integument thick testa
Albizia chinensis seed size medium
weight (g) 0.03010+0.064 )
dispersal method |wind _ I 1cm
dispersal months |Ag-Fb
integument thick testa
Aporusa villosa seed size medium
weight (g) 0.12230+0.017
dispersal method |animal
dispersal months |Ap-My
integument aril] testa
Betula alnoides seed size small
weight (g) 0.00009
dispersal method |wind ° I lcm
dispersal months {Fb-Mr
integument pericarp

seed size*= small <2 mm, medium 2-14 mm, large >14 mm (diameter)
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Table 7. Thirty tree species seed information (continue).

Species

Seed Data

Hustration

Cassia fistula

seed size

weight (g)
dispersal method

medium
0.16690+0.025

animal

S |

dispersal months |Dc-Ja
integument thick testa
Debregeasia Ilongifolia  |seed size small
weight (g) 0.0001
dispersal method |animal o I 1cm
dispersal month |Dc
integument testa
Diospyros undulata seed size large
weight (g) 0.57190+0.200
dispersal method |animal Q I 1cm
dispersal months |Jl-Ag
| integument testa
Elaeocarpus Ilanceifolius |seed size large
weight (g) 2.5459+0.452
dispersal method |animal
dispersal month |Nv
integument endocarp
Elaeccarus prunifolius  |seed size large _
weight (g) 0.3524+0.064

dispersal method
dispersal months

integument

amimal
Ag-Sp

endocarp

]lcm
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Table 7. Thirty tree species seed information (continue).

Species Seed Data Illustration
Eurya acuminata seed size small
weight 0.00015
dispersal methodjanimal ° I 1em
dispersal months|Mr-Ap
integument testa
Ficus hirta seed size small
weight 0.00021
dispersal method|animal YA ]: 1 cm
dispersal months|{Ag-Oc ‘
integument testa
Ficus lamponga seed size small
weight 0.0001
dispersal method|animal

. Ilcm

dispersal months|Mr-My, Sp-Oc
integument testa

Ficus superba seed size small
weight 0.00017

dispersal method

animal

dispersal monthsjAp, Ag
integument testa
Glochidion acuminatum |seed size medium
weight 0.0456+0.005
dispersal method|animal O I 1cm
dispersal months|Sp-Oc
integument arill testa
Irvingia malayana seed size large
weight 5.3012+0.599

dispersal method
dispersal months

integument

animal
Ag-Sp
endocarp
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Table 7. Thirty tree species seed information (continue).

Species Seed Data Lilustration

Lagerstroemia speciosa |seed size medium
weight 0.0223+0.005
dispersal methodwind @ [ 1cm
dispersal monthgSp-Dc
integument wing

Macropanax dispermus |seed size medium
weight 0.0199+0.003
dispersal methodanimal S -[ lem
dispersal monthgDc-Fb '
integument testa

Morus macroura seed size small
weight 0.00047
dispersal methodanimal o I lem
dispersal month§ Ap-My
integument testa

Reevesia pubescens seed size medium
weight 0.0493+0.005

dispersal method wind

dispersal monthgJa-Ap

integument wing
Saurauia roxburghii seed size small
weight 0.00009
dispersal methed animal | o I lecm
dispersal monthyAg-Sp
integument testa
Schleichera oleosa seed size large
weight 0.7066+0.0544

dispersal methodanimal

dispersal dates |Ag-Oc

integument testa
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Table 7. Thirty tree species seed information (continue).

Species Seed Data HNlustration

Shorea obtusa seed size medium
weight 0.0596+0.0544 S

dispersal method|wind

dispersal months|My-Jn

integument pericarp
Sindora siamensis seed size large
weight 2.1258+0.450

dispersal method|animal

dispersal months|Oc-Nv

integument thick testa
Terminalia bellirica seed size large
weight 2.8922+0.287
dispersal methodjanimal
dispersal months|Dc-Ja
' integument endocarp
Terminalia chebula seed size large
weight 2.3928+0.284

dispersal method|animal

dispersal month |Sp

integument endocarp
Terminalia mucronata |seed size large
weight 0.3720+0.113

dispersal method|wind

dispersal months|Dc-Ja

integument pericarp
Tetradium glabrifolium |seed size medium
weight 0.011+0.003
dispersal method|animal & I I cm

dispersal months|Oc-Dc

integument thick testa
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Table 7. Thirty tree species seed information (continue).

Species Seed Data [llustration
Trema orientalis seed size small
weight 0.0014+0.001
dispersal method|animal e I 1cm
dispersal months|Sp-Dc
integument endocarp
Vaccinium sprengelii |seed size small
weight 0.0003

dispersal method|animal

dispersal months{My-Jn

integument

testa
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Table 9. Effect of shade on seed germination of 30 native forest tree species.

Shade dependent

{1 species)

Shade tolerant
(18 species)

Shade inhibited
(7 species)

Mixed results

(4 species)

Elaeocarpus

lanceifolius

Acrocarpus fraxinifolius
Afzelia xylocarpa
Aporusa villosa

Betula alnoides
Diospyros undulata
Tetradium glabrifolium
Elaeocarpus prunifolius
Ficus superba

Irvingia malayana
Macropanax dispermus
Morus macroura
Saurauia roxburghii
Schleichera oleosa
Sindora siamensis
Terminalia bellirica
Terminalia chebula

Terminalia mucronata

Vaccinium sprengelii

Debregeasia longifolia
Eurya acuminata
Ficus hirta

Ficus lamponga
Glochidion acuminatum
Lagerstroemia speciosa

Shorea obtusa

Albizia chinensis
Cassia fistula
Reevesia pubescens

Trema orientalis
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Table 11. Effect of seed germination in the nursery and in the gap of 30 forest

tree species.

Better in gap
(5 species)

No difference
(11 species)

Better in nursery

(14 species)

Albizia chinensis
Elaeocarpus lanceifolius
Tetradium glabrifolium
Glochidion acuminatum

Lagerstroemia speciosa

Acrocarpus fraxinifolius
Afzelia xylocarpa
Aporusa villosa

Cassia fistula
Elaeocarpus prunifolius
Schleichera oleosa
Sindora siamensis
Terminalia mucronata
Terminalia bellirica
Terminalia chebula

Trema orientalis

Betula alnoides
Debregeasia longifolia
Diospyros undulata
Eurya acuminaia
Ficus hirta

Ficus lamponga

Ficus superba

Irvingia malayana
Macropanax dispermus
Morus macroura
Reevesia pubescens
Saurauia roxburghii

Shorea obtusa

Vaccinium sprengelii




Table 12, Treatments analysis.
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Species Family Seed |Inte- Germ. [MLD {GP {Best
Size gument |(%) |(days) |(days) |Treatments Dormancy

Acrocarpus fraxinifolius Leguminosae medium |thick testa 90 4 5 |scarification (scat.) dormancy
Afzelia xylocarpa Leguminosae  flarge  |thicktesta § 96 | 30 | 18 |[scar+sosking(soak)  |dormancy
Albizia chinersis Leguminosae  |medium |thicktesta {96,93] 3 | 11,6 [scar, scar+s0ak dormancy
[Aporusa villosa Euphorbiaceae medium {all testa 92 24 19 |control non
Berula alnoides Betulaceae small Fpericarp 19 33 14 |comtrol dormancy
Cassia fistula Leguminosae  |medium Jthick testa | 98,94} 7,6 | 9,6 |acid 10 mins. scartsoak |dormancy
Debregeasia longifolia  |t50000s small  |testa 94 | 20 § 51 |control [non
Diospyros undulata Ebenaceae large  [testa 43 18 5 {control non
Elaeocarpus lanceifolius |Elacocarpaceae |large  {endocarp { 83,75) 30,29 | 41, 50 {scar.+soak, scar. dormancy
Elaeocarpus prunifolius {Elacocarpaceae llarge  |endocarp | 47,441 29, 27 | 30, 32 |scar., scar.+soak dormancy
Eurya acuminaia Theaceae small  ftesta 68 | 23 | 33 [control non
Freus hirta Moraceae small  [testa 20 | 19 | 16 |control non
Fieus lamponga Moraceae small  [testa 80 17 24 jcontrol non
Ficus superba Moraceae small  testa 87 | 11 | 10 |control non
Glochidion acuminatum |Euphorbiaceae  |medium |arill testa 38 90 172 |acid 5 mins. dormancy
Irvingia malayana Irvingiaceae large  |endocarp 96 95 48 |heat dormancy
Lagerstroemia speciosa  |Lythraceae medium. {wing 89,78 | 86, 94 | 71, 75]acid 3 mins., soak. dormancy
Macropanax dispermus |Araliaceae medium |testa 67 28 24 |control non
Morus macroura Moraceae small  ftesta 99 | 7 | 5 |acidimin ion
Reevesia pubescens Sterculiaceae medium {wing 91 21 18  |acid 3 migs. nen
Saurauia roxburghii Saurauiaceae small testa 43,381 35,28 | 29, 41 {soak., acid 3 mins, non
Schieichera aleosa Sapindaceac farge  [testa 18 | 260 | 90 |control dormancy
Shorea obtusa Dipterocarpaceae |medium {pericarp 83 7 3 |control non
Sindora siamensis Leguminosae large thick testa | 74,61 | 22 5,6 |scar., scar.+soak dormancy
Terminalia bellirica Combretaceae large  |endocarp 100 17 20 |soak. dormancy
Terminalia chebula Combretaceae  |larpe  Jendocarp | 42,46 18,21 | 18, 20{acid 5, 10 mins. zion
Terminalia mucronata Combretaceae large pericarp 38 16 27 |scar. non
Tetradium glabrifolium Rutaceae medium [thick testa 41 | 25,57 |76, 96 |acid 10, 5 mins, non
Trema orientalis Ulmaceae small |endocarp 98 149 150 Jacid 3 mins, dormancy
Vaccinium sprengelii Ericaceae small  [testa 51 19 | 27 [control non
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Table 13. Effected of shade, and nursery and gap analysis.

Species Seed Dispersal Dispexrsal Pioneer/ Shade Nursery/
size timse Method climax effect Gap

Acrocarpus fraxinifolius 1 ogum  |Eady wet wind  |DSGpioneer [toleramt  |no difference
Af? elia xylocarpa large dry-eary wet animal  |climax tolerant no difference
Albizia chinensis medium late wet-late dry wind pioneer mix results . gap
Aporusa villosa medium eary wet animal  |climax tolerant no difference
Betula alnoides small late dry wind climax tolerant nursery
Cassia fistula medium eary dry-late dry animal  |climax mixresults |no difference
Debregeasia longifolia small cary dry animal  |pioneer inhibited mrsery
Diospyros undulata large cary wet-late wet animal  |climax tolerant ﬁumy
Elacocarpus lanceifolius  |large eary dry animal  |climax/pioneer |dependent }gap
Elaeocarpus prunifelius  {large late wet animal  |climax tolerant no difference
Eurya acuminata small late dry animal  |pioneer inhibited nursery
Ficus hiria small late wet animal  |pioneer inhibited  |nursery
Ficus lamponga small late dry-eary wet, late wet  Janimal  |climax inhibited nursery
Ficus superba small tate dry, late wet animal  |pioneer tolerant | nursery
Glochidion acuminatum  |medium  |late wet animal  {pioneer inhibited gap

Irvingia malayana large late wet-cary dry animal  [climax tolerant nursery
Lagerstroemia speciosa  fmedium {ate wet-eary dry wind climax inhibited gap
Aacropanax dispermus  |medium eary dry-late dry animal  felimax tolerant nursery
Morus maggura small fate dry-eary wet animal  [climax tolerant  |nursery
Reevesia pubescens medium eary dry-late dry wind pioneer mix resuits  |nursery
Saurauia roxburghii small fate wet animal  |DSGpioncer  [tolerant nursery
Schieichera oleosa large late wet animal climax tolerant no difference
Shorea obtusa medium  |eary wet wind  |climax inhibited  |nursery
Sindora siamensis large late wet- eary dry-late dry  {animal  climax tolerant no difference
Terminalia bellirica large eary dry-late dry animal climax tolerant no difference
Terminalia chebula large eary dry-late dry animal  {climax tolerant no difference
Terminalia mucronata large late wet-eary dry-late dry wind climax tolerant no difference
Tetradinm glabrifolium medium {ate wet-cary dry animal  [climax tolerant gap

Trema orientalis smail late wet-eary dry animal  |pioneer mix resulis [no difference
Vaccinium sprengelii small eary wet animal  |climax tolerant nursery




CHAPTER 4

The Effects of Seed Predation on Germination Success

Abstract

This study was carried out to determine the effects of predation on seed
germination and which tree species might be suitable for successful direct seeding to
restore degraded forestland. Thirty species were tested in a natural forest gap. Seeds
were buried in loosened soil under wire cages (49 x 32 x 12 em’, 1.1 x 1.3 em
diameter squares) and in plots without wire cages (non-caged) with 3 replications (36
seeds or 24 per replicate). Seeds were monitored for germination and removal by
predators weekly for one year. Enclosure of predators by cages increased seed
germination only of Irvingia malayana. Five species had significantly higher
germination outside cages (4lbizia chinensis, Macropanax dispermus, Shorea obtusa,
Terminalia bellirica, and Terminalia chebula). Caging seeds had no significant effects
on medium length of dormancy (MLD) and germination period (GP) for all species.
The mean number of seeds removed was highest for Elaeccarpus prunifolius, Irvingia
malayana (100%), but this value was not significantly different from Reevesia
pubescens and Terminalia chebula. The impact of seed predation on seed germination
varied among species, seed size and seed coat. Legumes with tough and thick testas,
such as Afzelia xyocarpa and Albezia chinensis, tended to be less affected by seed
predation. Seven tree species were found favorable for direct seeding viz. Saurauia
roxburghii, Vaccinium sprengelii, Morus macroura, Lagerstroemia speciosa, Aporusa
villosa, Diospyros undulata, and Schleichera oleosa. These species had high

germination percentage, no seed predation and low MLD and GP in the forest gap.

4.1 Introduction

Direct seeding into deforested areas is potentially a cheaper and more rapid method of

forest restoration than planting trees. This method originally developed in Europe and
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North America and now is being increasingly considered for the restoration of tropical
forest (L1 and Zhang, 1995; Sun and Dickinson, 1995; Hardwick, 1999). However,
there are few reported cases in the tropics of direct seeding having been successfully
implemented on a large scale to restore degraded forestlands (Hau, 1999; Hardwick,
1999). This might be because seed predation in cleared areas significantly limits seed
germination (Sharp, 1995; Blate et al., 1998; Woods, 2001; Hau, 1999; Janzen, 1971).
Small mammals and ants are typical seed predators (Woods, 2001; Hardwick, 1999;
Sharp, 1995; Nepstad ef al., 1990). Seed size, seed traits and species’ characteristics
are related to the vulnerability of a seed species to seed predators. Nepstad et al.
(1990) showed that small seeds are more vulnerable to ants than larger ones.
Furthermore, predation rates are negatively associated with the thickness and hardness
of the seed coat (Blate et al. (1998) and large seeds are affected more from seed
predation than small seeds (Mack, 1998). In contrast, Hardwick (1999) found that
seed weight and size did not correlate with predation rates. Hammond et al. (1999)
found that seed predation is negatively correlated with the mean length of seasonal
dormancy. Several authors have reported that environmental conditions are more
important than seed predation in limiting forest regeneration (Hardwick, 1999;
Hammond, et al., 1999; Sharp, 1995). High levels of solar radiation in large clearings
increase soil and air temperatures and decrease soil moisture content. Some with hard
testas (for instance Symphonia globuliferaj are resistant to high temperatures and may
even require them for germination (Hardwick, 1999). The effect of drought on
germination is not related to the length of time that a seed is exposed to drought

between seed dispersal and germination (Hardwick, 1999).

Seeds may fail to develop into seedlings because they are destroyed by predators
before they can germinate. If seeds avoid predation, they may fail to germinate
because of the environmental conditions or problems with embryo. Sharp (1995)
tested seed predation on Doi Suthep and found 75% of all seeds were predated by
three different species of rodents. Seed predation rates in a gap and in nearby forest
did not differ significantly. Environmental conditions seemed to be more important

than seed predation in limiting forest regeneration. Hardwick (1999) tested the effects
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of seed predation on germination in an old clearing in Doi Suthep-Pui National Park.
She found that seed predation is a significant limiting factor in cleared areas. In
general, the level of predation is not related to seed size, but is related to length of
seasonal dormancy. Woods (2001) studied the prevalence of seed predation on seeds
subjected to different treatments in the field to determine which treatments best
prevent seed predation at FORRU’s 2000 planting plots near Ban Mae Sa Mai in the
northern part of Doi Suthep-Pui National Park. He reported that most seed predators
were ants and their effects varied among seed species. He suggested that successful
direct seeding can be best attained using species with a high germination percent, low

MLD, and a tough/thick seed coat.

Therefore, the main focus of this experiment was to test seeds of which tree species
are most suitable for successful direct seeding and to study the effects of seed

predators on seed germination in natural forest gaps.
4.2 Materials and Methods

4.2.1 Study Sites

The dates of sowing seeds were present in Table 14. This study was conducted in
natural forest gaps near FORRU’s research nursery in Doi Suthep-Pui National Park
Headquarters (18° 51 'North, latitude and 98° 54 'East, longitude) at about 1000 m
elevation, in a transitional zone between mixed evergreen-deciduous forest and
evergreen forest. All seeds were prepared at the FORRU nursery before sowing in the

plots. Seeds were planted in a gap (about 15.75 x 15 m?).

4.2.2 Experimental Design

After collection, fruits of each species were brought back to FORRU’s research
nursery and the seeds extracted and cleaned with water, before drying, to facilitate

pulp removal. Seeds were then air-dried overnight or sometimes for I to 2 days,
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depending on the species. For the ten species with small seeds, an ant repellent was
applied before sowing the seeds. Seeds were planted in plots under wire cages (49 x
32 x 12 em’, 1.1 x 1.3 cm diameter squares) and without wire cages (non-caged) with
3 replications (36 seeds or 24 seeds per replicate). Weeds were dug up and placed to
the side. Seeds were monitored for germination and removal by predators weekly for
one year. The percentage seeds removed over 365 days was compared among the 30
species by one-way ANOVA, T-tests (independent samples), were used to determine
the effects of cages on seed germination, MLD, and GP using the SPSS computer

program.

Germination trials were carried out on 30 species which were selected to represent 3
different seed size classes (small, medium and large). Their characteristics are listed in
Table 15. For each species, 108 seeds (3 replicate batches of 36 were sown) or 72
seeds (3 replicate batches of 24 were sown) were divided into three replicate batches
of 36 (except, 24 seeds for Schieichera oleosa, Diospyros undulata, Aporusa villosa,
Albizia chinensis, Saurauia roxburghii and Vaccinium sprengelii). Seeds were planted
in caged plots (49 x 32 cm’ ) to prevent seed predation by small mammals. Seeds
were protected from ant predation by being sprayed with an insecticide for smalil seed
group. Twenty seeds were saved for measurements of mass and seed dimensions
(Table 14). Small seeds defined as those weighing less than 0.01g, medium seeds
were between 0.01 to 0.2 g and large seeds were those that weighed more than 0.2 g

(fresh weights, including seed coat).
4.3 Results
4.3.1 Effects of Cages on Seed Removal

Rates of seed removal ranged from 0% to 100% (Table 14) and were highly dependent
on seed size. All tree species having the smallest seed size class had zero predation,
whereas 60% of species In the large seed size class had predation rates of >60%.

Notable exceptions in the large seed size class were Diospyros undulata, Schleichera
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oleosa, and Afzelia xylocarpa which had zero predation. In the medium seed size
class, 6 species {60%) had predation rates of 0 to 0.7% whilst the others had predation
rates ranging from 50 to 91%. One-way ANOVA among the large seed size group
showed that the mean number of seeds removed was highest for Elaeocarpus
prunifolius and Irvingia malayana (36 seeds), but this result was not significantly
higher than for Terminalia chebula (32 seeds) (df = 9, F=0.0000, p<0.05). Among the
medium sized seeds the mean number of seeds removed was significantly the highest
for Reevesia pubescens (33 seeds) (df = 9, F= 0.0000, p<0.05). Seven species in the
large seed size class suffered predation, whilst only 5 species in the medium size seed
class were predated and none of the small seed size species. Altogether, seeds of
twelve tree species were predated and the rest (18 species) were totally ignored by
seed predators. One-way ANOVA (Table 15) showed the mean number of seeds
removed was the highest for Elaeocarpus prunifolius and Irvingia malayana (36
seeds), this did not differ significantly from Reevesia pubescens (33 seeds) and
Terminalia chebula (32 seeds) (df = 29, F = 0.0000, p<0.05).

4.3.2 Effects of Cages on Seed Germination

Mean germination percentage in caged and non-caged plots is presented in Table 16.
All tree species germinated in the forest gap to some extent, except Elaeocarpus
prunifolius. Seed germination was low in Shorea obtusa, due to larvae infestation, and
in Diospyros undulata, due to mould. For most species, the caging treatment had no
effect on germination percentage, but for Irvingia malayana caging significantly
increased germination, (df = 4, 2-tail sig = 0.002) whilst for Albizia chinensis (df = 4,
2-tail sig = 0.013), Macropanax dispermus (df = 4, 2-tail sig = 0.003), Shorea obtusa
(df = 4, 2-tail sig = 0.012), Terminalia bellirica (df = 4, 2-tail sig = 0.000), and
Terminalia chebula (df = 4, 2-tail sig = 0.000)] caging significantly reduced

germination percentage.
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4.3.3 Effects of Seed Predation on Seed Germination

Predation did not have a significant effect on final germination percentage, except for
Terminalia bellirica and Irvingia malayana. Predation significantly reduced
germination percentage of Terminalia bellirica (df = 4, 2-tail sig = 0.038) and Irvingia
malayana (df = 4, 2-tail sig = 0.002) Although predators did not remove Albizia
chinensis seeds, the non-caged treatment had significantly higher germination than

caged seeds (df = 4, 2-tail sig = 0.013).

Thus, seven species are probably suitable for direct seeding in the field without
protecting seeds from predators: Aporusa villosa, Diospyros undulata, Lagerstroemia
speciosa, Morus macroura, Saurauia roxburghii, Schleichera oleosa, and Vaccinium

sprengelii. These species have high percentage germination and low rate of predation.

4.4 Discussion

4.4.1 The Effects of Seed Predators on Seed Germination in Natural Forest Gaps

Rates of seed removal were highly dependent on seed size. Large seeds contain high
nutrition but also emit more volatile chemicals and are more easily detected by sight.
Seven species with large seeds and five species with medium-sized seeds effected
removal percentage by predation, except small seed group was not affected. May due
to small seeds with poor nutrition and be more difficulty detected by sight. Burial of
medium and large seeds of some species did not protect them from predators, but
burial probably protect them from environmental extremes. However, burial of small
seeds may have helped protect them from ant predation. All small seeds (0.0001 to
0.0014 g) were not predated by ants. Buried seeds may have been difficult to find by
ants, as noted by Reader (1993). One medium (Cassia fistula) and one large seed
species (Sindora siamensis) were eaten by snails when seed swelling and pushing over
the soil, but had the lowest percentage seed removal (1-2%). However, medium sized

seed species [e.g. Macropanax dispermus] were predated up to 65%. It due to the
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flavor of seeds to attack predator as noted by Woods (2001). Woods noted that only
rats and squirrels were able to find and eat seeds below the soil surface by olfactory
cues and ants do not predate seeds below the soil surface. Therefore, large and
medium sized seeds had higher rate of predation than small seeds and squirrels were
found to be the major seed predator near FORRU (direct observation). Sharp (1995)
reported that small mammals were about three times more abundant in a large clearing
than in the adjacent forest understory. Seed survival is also very dependent on the

behavioral responses of individual small mammals and their microhabitat preferences.

On the other hand, predators choose to attack seeds on the basis of characteristics
other than seed size and seed mass. For example, Acrocarpus fraxinifolius, medium-
sized seeds, were predated when the testa softened before germination. Also, the soft,
medium-sized wing seeds of Reevesia pubescens and Shorea obtusa (fruits) were
most preferred by predators. Six species with large-sized seeds were most preferred by
predators (Elaeocarpus prunifolius, Elaeocarpus lanceifolius, Irvingia malayana,
Terminalia chebula, Terminalia mucronata and Terminalia bellirica). Due to their
seeds have more food reserve (total calories) per seed available, as noted by Wood
(2001). On the other hand, Afzelia xylocarpa has large-sized seeds, which predators
ignored. They may have been because they have a tough/thick testa and no odor
(difficult to eat by predator). Also, Schieichera oleosa was nbt predators, due to its

seed coat or seed may be protected by chemical defenses.

Seed predation may be related to the length of dormancy, which agrees with Hardwick
(1999). Hardwick (1999) reported the amount of predation at Doi Suthep-Pui National
Park was positively related to length of dormancy. For example, all seeds of Irvingia
malayana, all of seeds were predated before germination (90 days after sowing). On
the other hand, seed of three species with a hard testa (Acrocarpus fraxinifolius,
Cassia fistula, ahd Sindora siamensis) were predated when their testas swelled and

softened just before germination.
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4.4.2 Seed Species Favorable for Successful Direct Seeding

Seven species (Saurauia roxburghii, Vaccinium sprengelii, Morus macroura,
Lagerstroemia speciosa, Aporusa villosa, Diospyros undulata, and Schleichera
oleosa) had a high percentage of germination (46-82%) outside cages. Six species of
these were dispersed by animals and only Lagerstroemia speciosa by wind. Seeds of
six species were dispersed in the wet season and Lagerstroemia speciosa was
dispersed in the dry season. Successful direct seeding can be best attained using
species with a high germination percentage, low or no predator, low MLD and GP.
Therefore, five of the seven species are probably suitable for direct seeding. The
remaining two species (Lagerstroemia speciosa and Schleichera oleosa), although
they had high germination percentages, they also had high MLD and/or high GP.
Seeds of Lagerstroemia speciosa were dispersed by wind in the dry season, whilst
Schleichera oleosa seeds were dispersed by animals in the wet season. Predators were
not found for Albizia chinensis and non-caged seeds had significantly higher
germination than caged ones (df= 4, 2-tail sig = 0.013), and both conditions had low
germination percentages. Thus, this species was not suitable for direct seeding in
natural forest gaps, except when seeds are scarified before direct sowing, as noted by
Wood (2001) and Schmidt (2000). Sosef et al. (1998) reported that direct seeding is
often done for Albizia chinensis with 5-10 seeds per planting hole. This species is also
very sensitive to root disturbance and cannot be easily grown in nurseries (Sosef ef al.,
1998; Schmidt, 2000). Seeds of Albizia chinensis, Acrocarpus fraxinifolius, Cassia
fistula, Sindora siamensis, and Afzelia xylocarpa and some orthodox seeds species can
be stored for a long time without serious decline in viability (Willan, 1984; Sosef et
al., 1998), but also cutting propagation can be used (Sosef ef al., 1998). My results
showed that seed dormancy, environmental conditions and seed predation are the three

main factors limiting seed germination in natural forest gaps.

Further research on direct seed sowing should use ample space between each seed,
because when 36 or 24 seeds were planted in limited area survival and growth of

seedlings may be limited, due to competition for nutrients and light, efc. Also seeds
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are easy to find by predators if they are grouped together. Seeds of some orthodox
species should pre-treated (e.g. acid treatment, scarification) before sowing in natural
forest gap to accelerate germination or can be stored and/or pre-treatment before

sowing in the rainy season.



Table 14. Mean percentage seed removal (n=3) of forest tree species placed in evergreen
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forest on Doi Suthep-Pui National Park over 365 days. Species not sharing same

letters in LSD column had significantly different rates of seed predation.

seed mass (g) sced date noncage (seed removal)
Species Family size of
mean |SD group sowing [% mean  [SD LSI1.SD*

Betula alnoides Betulaceae 0.00009 |- small  120/3/2001 [0.00 |0 0 f
Debregeasia longifolia |Unticaceae 0.0001 |- small  }15/12/2000 [0.00 |0 0 f
Saurauia roxburghii Saurauiaceae 0.00009 |- small  25/8/2000 [0.00 {0 0 f
Ficus lamponga Moraceae 0.00010 |- |small  |1/4/2001 000 {0 0 f
Eurya acuminata Theaceae 000015 |- small  |5/5/2001 600 {0 0 f
Ficus superba Moraceae 0.00017 |- small |21/972000 |0.00 |{O 0 f
Ficus hirta Moraceae 0.00021 {- small  |19/3/2001 {0.00 |0 0 f
Vaccinium sprengelii  |Ericaceae 0.0003 |- smatl  |2/6/2000 0.00 |0 0 f
Morus macroura Moraceae 0.00047 {- small {14/6/2001 000 |0 0 f
Trema orientalis Ulmaceae 0.00140 [0.000 |small [7/10/2000 10.00 |[¢ it f
Tetradium glabrifolium |Rutaceac 0.0110  |0.0030 |medium 12732001 {o.00 |o ] fld
Macropanax dispermus |Araliaceae 0.0199  0.003 medium {7/2/2001 64.81 {23333 8386 | de|bc
Lagerstroemia speciosa |Lythraceae 0.0223 {0.005 medium |1/1/2001 000 {0 0 f|d
Albizia chinensis Leguminosae 0.03010 ]0.0640 |medium |18/5/2000 {0.00 }0 0 fld
Acrocarpus fraxinifolius |Leguminosae 10.0337 |0.003 medium |17/8/2001  |50.00 [18.000 [2.000 | e {¢
Glochidion acuminatum |Euphorbiaceae 0.0456 }9.005 medium [26/9/2000 [0.¢0 {0 0 fd
Reevesia pubescens Sterculiaceae 00493 10005 medium [17/1172000 [90.74 |32.667 |3512 |[abla
Shorea obtusa Dipterocarpaceae |0.05960 |0.05439 Jmedium |13/5/2001 |76.85 [27.233 [4.676 |bedb
Aporusa villosa Euphorbiaceae 0.12230 }0.01742 |medium |15/5/2000 |0.00 |O 0 f |d
Cassia fistula Leguminosae 0.16690 10.02500 |medium |25/9/2000 [0.93 |0.333 [0.577 fld
Elaeocarpus prunifolius |Elacocarpaceae  [0.35240 [0.06400 |large  |9/10/2001 |100.0 (36.000 [0.000 | a |a
Terminalia mucronata |Combretaceae 0.3720 0.113 large 29/3/2001 73.15 126333 [7.371 cd |be
Diospyros undulata Ebenaceae 0.57190 ]0.20000 [large 17/8/2000  [0.00 [0 0

Schleichera oleosa Sapindaceeae 0.70660 |0.08800 [large  115/8/2000 |0.00 [0 0

Sindora siamensis Leguminosae 21258 04500 flarge |14/6/2001 |1.85 j0.667 ]0.377 f
Terminalia chebula Combretaceae 2.39280 10.28400 [large 13/6/2001 |87.96 |31.667 33.512 |abciab
Elaeocarpus lanceifolius|Elacocarpaceae  }2.54590 $0.4520 |large ]15/1/2001 |62.97 [|22.667 |11.590 | de|c
Terminalia bellirica Combretaceae 2.89220 |0.28700 |large |25/5/2001 [68.52 |24.667 |[7.093 d |be
Irvingia malayana lrvingiaceae 530120 |0.59900 |large  |8/1/2001 100.0 136.000 [0.000 afa
Afzelia xylocarpa Leguminosae 6.2026  ]2.009 large  |27/6/2001 {0.00 |0 0 f |d

LSD*= Significant difference at the 0.05 confidence level of the seed removal roithin seed size group

(same letter within column were not significantly).
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Table 15. Mean percentage seed germination in caged and non-caged plots.

Dispersal Mean® (non-caged) |Mean" (caged) |} gy [Overall®(non-caged) || opy

Species method |mean| SD | % | mean]| SD | % |(A-B) mean] SD % |(B-C)
Betula alnoides wind 7.67 |8.96 |21 |7.67 |8.08 |21 |ns |7.67 {8.96 {21 ns
Debregeasia longifolia  janimal |11.6711.16 |32 |8.00 }6.25 |22 |ns |11.67 |1.16 |32 ns
Saurauia roxburghii animal ]11.00]6.93 |46 |12.00 [6.08 |50 |ns |11.00]6.93 |46 ‘ ns

Ficus lamponga animal |12.001.73 |33 1867 |3.51 127 |ns (12.00|1.73 {33 ns
Eurya acuminata animal |10.00]3.61 |28 {10.0013.6! {28 |ns 310.00 {3.61 |28 ns
Ficus superba animal |6.00 §6.25 M7 633 |6.51 |18 Ins [6.00 {625 |17 ns
Ficus hirta animal {2.00 |1.73 |6 1.33 |0.58 |4 Ins 200 J1.73 |6 ns

Vaccinium sprengelii animal [12.672.52 |53 ]12.00 [3.00 |50 {ns [12.67 |2.52 |53 ns
Morus macroura animal ]18.33 |10.41 |51 |21.67 |2.89 |60 |ns }18.33 |[10.41 |51 ns
Trema orientalis animal 100 |1.73 |3 1.67 [0.58 |5 |ns {1.00 }1.73 |3 ns
Tetradium glabrifolium  |animal 833 [10.12 §23 {15.060 |7.55 |42 [ns |8.33 |10.12 {23 ns
Macropanax dispermus |animal  [36.00 |0.00 |100 [11.00 |7.00 {31 |** {12.60|8.32 i35 ns
Lagerstroemia speciosa  |wind 17.6718.02 149 |19.33 |4.62 |54 |ns {17.67 |8.02 |49 ns

Albizia chinensis wind 6.67 ]1.53 |28 267 |0.58 |11 |** [6.67 {153 |28 |+
Acrocarpus fraxinifolius  [wind 217 |2.26 |6 033 |0.58 |1 jns |1.08 {101 |3 ns

Glochidion acuminatum |animal [6.00 [4.58 |17 |4.33 |4.16 |12 ins |6.00 34.58 |17 ns

Reevesia pubescens wind 3.33 |3.51 {9 1.33 J1.53 |4 ins |3.33 {3.51 |9 ns
Shorea obtusa wind 36.00 [0.00 |100 |15.67 |8.15 |44 j*+ [8.28 [5.74 |23 ns
Aporusa villosa animal {19.67]3.79 {82 |18.67 |3.79 |78 |ns [19.67 |3.79 |82 ns
Cassia fistula animal [2.35 |2.51 |7 400 13.61 311 |as  |2.16 224 |6 ns

Elaeocarpus prunifolius |animal {0.00 [0.00 {0 0.00 [0.00 [0 [N [0.00 j0.00 |O N
Terminalia mucronata wind 36.00 |0.00 {100 |25.00 |7.00 (19 |ns (9.72 |7.31 |27 ns

Diospyros undulata animal |11.00|2.65 (46 [12.00]2.00 |50 ins |11.00 }2.65 |46 ns
Schleichera oleosa animal |i8.00 |4.00 |75 |15.67 |8.08 |62 |ns ]18.00 {4.00 |75 ns
Sindora siamensis animal {10.51 }2.88 |29 17.67 [3.22 {2l [ns |10.5112.88 |29 ns
Terminalia chebula animal  [36.00 |0.00 100 {6.67 (2.08 |1 [*** [4.32 {3.53 {12 s

Elaeocarpus lanceifolius animal  [13.33 [11.59 {37 |22.33 |14.93 |62 |ns |13.33 {11.59 |37 |ns

Terminalia bellirica animal |36.00 |0.00 |100 [0.33 }0.58 |81 |*** |11.16|7.33 {31 *

Irvingia malayana animal ]0.00 [0.00 (O 633 11.53 |18 |**+ 0.060 |0.00 |O **
Afzelia xylocarpa animal |5.67 |2.08 (16 |6.67 (0.58 |19 |ns |5.67 [2.08 |16 ns
Mean %" germination of non-predated seeds in non-caged plots; Mean %" germination of cage seeds;
Mean % germination of all seeds sownin non N=have no germination

LSD{A-B)= Significant difference at the 0.05 confidence level of effect of cage
(same letter within column were not significantly).

LSD(B-C)= Significant difference at the 0.05 confidence level of effect of predation
(same letter within column were not significantly).

* p <0.05; **p <0.01; *** p <0.001
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uncaged seeds germination in forest gap conditions.

caged uncaged T-Test caged |uncaged |T-Test caged [uncaged |T-Test

e |$ 8 gl 8 ol 088208 50945 als ales
Betula alnoides 21 7.7 808 [21 77 896 {1000 ns|95 851 |95 851 [1.0 ns|2 173 111 851 |0.16 ns
Debregeasia longifolia 22 80 625 (32 117 1.16 |0.374 nsf159 0.00 |163 7.51 [04 =ns|53 751 |53 7.51 |10 ns
Saurauia roxburghii 50 12.0 6.08 [46 110 693 [0.860 ns21 520 |29 176 |05 nsl47 473 |47 473 10 ns
Ficus lamponga 27 9.7 351 (33 1206 1.73 |0360 ns{58 529 |57 4.62 |09 ns{3.7 462 [63 462 (052 ne
Eurya acuminaia 28 100 3.61 [28 10.0 361 |1.000 ns{4l 221 |35 72.51 j0.7 ns{14 000 14 000 |- -
Flicus superba 18 63 6.51 [I7 60 6250952 ns|64 212 |66 110 |08 nsl¢ 113 187 133 [10 ns
Ficus hirta 4 13 0586 20 1730561 ns{31 173 |34 513 |03 nsl27 462 126 751 {085 ns
Vaccinium sprengelii 50 120 3.60 |53 127 252 |0.783 ns{25 23Y |24 7.51 08 nsl13 231 |13 0.00 |037 ns
Morus macroura 60 21.7 289 |51 183 104 |0.621 ns{47 4.62 |47 462 [1.0 nsf19 000 [16 4.62 l037 ne
Trema orientalis 5 L7 035813 1.0 1.73 §0.561 ns{100 112 (228 - 04 ns|61 104 [206 - 0.35 ns
Tetradium glabrifolivm 42 150 7.55 |23 83 10.1 {0412 ns|72 000 |75 929 |06 ns[30 200 {11 162 |028 ns
Macropanax dispermus {31 110 7.00 [100 360 0.00 [0.003 **[108 851 |102 4.62 {03 ns{6.7 666 110 123 |07 ns
Lagerstroemia speciosa 54 193 4.62 [49 177 8.02 |0.771 ns{139 4.62 [142 0.00 |04 ns|15 751 |16 5.69 1.0 ns
Albizia chinensis I 27 058 |28 67 1.53 |0.013 **{53 332 {29 140 [03 ns|I28 78.1 {133 69.8 1094 ns
Acrocarpus fraxinifelius |1 03 058 |6 22 226 [0244 nms|22 - 20 283 |07 ns|l - 3 283 ]0.67 ns
Glachidion acuminatum |12 43 416 |17 60 458 |0.665 ns|i05 127 {105 127 |10 nsl20 206 l6s 110 o5 ns
Reevesia pubescens 4 13 153]9 33 35 [0417 ns|9%6 1032441 000 |05 nsj17 219 J1 000 |042 ns
Shorea obtusa 44 157 815 |100 360 0.00 |0.012 =14 751 |10 000 (04 nsl14 000 1 000 |- -
Aporusa villosa 78 187 3.79 |82 19.7 379 |[0.763 nsf15 231 |15 231 1.0 nsf20 173 |20 1.73 |10 s
Cassig fistula It 4.0 361 |7 24 2510552 nsf25 566 [18 156 §0.6 nst51 495 |31 22.6 |0.36 ns
Elaeocarpus prunifolius |0 00 000 [0 00 0.00 |- -- - - - - -- - - - - -
Terminalia mu;::ronara 19 67 208 {100 36.0 0.00 [0.000 *=*[49 493 [52 577 |06 ns|16 462 11 800 (037 ns
Diospyros undulata 50 120 200 {46 11.0 265 |0.620 ns{21 0.00 121 0.00 |- -{13  0.00 |10 7 4.04 10.12 ns
Schleichera oleosa 62 157 808 175 180 4.00 |0.677 ns{264 13.9 [247 208 {03 ns{187 112 [197 111 (092 ns
Sindora  siamensis 21 77 322 |29 105 288 (0317 nsi32 127 |36 9.61 [07 us|21 135 |40 252 {031 ns
Terminalia chebula 1 03 058 [100 36.0 0.00 |0.000 ***[35 - 31 104 |08 ns|l - 22 215 10,49 ns
Elaeocarpus lanceifolivs 162 22.3 493 (37 133 11.6 [0.284 ns|137 7.51 {141 000 |05 =ns|12 924 [17 0.00 |05 ns
Terminalia bellirica 81 29.0 7.00 100 360 0.00 |0.158 ns|38 12,1 J20 7.51 |01 nsf35 289 {28 121 035 ns
Irvingia malayana 18 63 153 |0 00 0000002 **[29 400 [- - - -133 137 |- - - -
Afzelia xylocarpa 19 6.7 058 {16 57 208 |0468 nsl42 000 |42 o0.00 |- -19.7 231 J22 133 [0.18 ns




CHAPTER 5
Vegetative Propagation of Ten Native Forest Tree Species

Abstract

Restoration of forest ecosystems by tree planting requires a large scale
production of planting stock of a wide range of indigenous forest tree species, many of
which have never been propagated before. Many of these species have proved difficult
to propagate from seed, due to long dormancy periods or seed production too late for
seedlings to grow large enough by planting time. Therefore, this chapter focuses on
developing a novel cutting propagation technique, with simple, low-cost technology
for those native forest tree species which are difficult to grow in nurseries from seed.
The technique operates without using mist-spray. Ten species of native forest tree
species were propagated by cuttings and placed in the same rooting media (sand: rice
husk charcoal, 1:1v/v) with 50% shading. Various chemical treatments were tested to
improve rooting success of the cuttings. The effects of various hormone treatments on
leafy stem cuttings varied with each species. Seradix #2 produced the best results with
Eurya acuminata, Ficus lamponga and Ficus hirta, while Seradix #3 was best with
Debregeasia longifolia and Saurauia roxburghii. IBA 8000 ppm produced the best
results with Colona flagrocarpa, and Morus macroura. IBA:NAA = 1:1 was the best
with Macaranga kurzii and IBA:XNAA = 2:1 or IBA 3000 ppm with Ficus superba.
However, Trema orientalis cuttings rooted most efficiently without any hormone
treatment and produced the highest relative performance scores. The species were
divided into three broad classes according to comparisons among the species
performance scores. Debregeasia longifolia had the highest performance. In the
medium performance class were Colona flagrocarpa, Ficus hirta, Ficus superba,
Morus macroura, Saurauia roxbur;ghii, and Trema orientalis, whilst the low
performance class included Eurya acuminata, Ficus lamponga, and Macaranga

kurzii. Only Colona flagrocarpa, Debregeasia longifolia, Morus macroura, and
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Saurauia roxburghii achieved maximum mean values greater than 60% of survival

with roots and shoots.

5.1 Introduction

Despite treatments to increase germination some native forest tree species are difficult
to grow from seed, (Hardwick and Elliott, 1992; Kopachon, 1995; Singpetch, 2001)
and seedlings of some species grow too slowly to reach a plantable size by the
beginning of the rainy season (Blakesley et al., 2000). Vegetative propagation, by
leafy stem cuttings, is a potential alternative for production of high quality and
uniform planting stock for large-scale reforestation programmes. Generally, cuttings
are the most popular method of vegetative propagation of economic tree species (e.g.
eucalyptus, acacia, pines, teak, efc.) and timber species (e.g. Dipterocarpaceae) in
tropical countries (Rashid et al., 1986; Pong-anant and Wongmanee, 1990; Kantarli,
1993; Hidayat ef al., 1995; Ahmad ef al., 1998; Klunklin, 1998). Forest restoration
programmes require large scale production of high quality planting stock of a wide
range of native forest tree species. Many species have limited seed germination
(FORRU, 2000; Schmidt, 2000). Propagation by cuttings offers an alternative means
of producing planting stock. Mist-spray propagation systems are expensive to set up,
compared with non mist-spray propagation systems (Aminah et al., 1995; Klunklin,
1998). The low-technology, non-mist propagation system used by Leakey et al. (1990)
and Newton et al. (1992} has proved successful in the propagation of many tropical
timber species. This technique was modified by Kantarli in Thailand in 1993.
Thimann and Delisle (1939) noted that successful rooting depends on the presence in
cuttings of several cofactors. The effect of hormones on root development in cuttings
varies with the type (IBA, NAA, IAA, efc.) and concentration of hormones (auxins)
(Aminah er al., 1995; Hidayat er al., 1995; Ahmad et al., 1998). Moreover, the
presence of leaves on stem cuttings, the tree species, the rooting medium composition,
and environmental factors (light intensity, air temperature, efc.), can all affect the
success of cuttings development propagation (Poulsen and Andersen, 1980; Newton et

al., 1992a; Newton and Jones 1993; Aminah er al., 1995; Hidayat et al., 1995; Ahmad
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et al., 1998). The aim of the experiments described here was to determine which
factors determine the success of producing 10 native forest tree species from leafy

stem cuttings, using polyethylene enclosures to provide high humidity.

5.2 Materials and Methods

5.2.1 Species Selection

A review of the information stored in the databases of the CMU Herbarium and
FORRU was done to select native forest tree species which could not previously be
germinated from seed. Ten native forest tree species (Table 17) were selected for
propagation by cuttings. Propagation of leafy stem cuttings was carried out at
FORRU’s research nursery near the Headquarters of Doi Suthep-Pui National Park. A
flow chart of cutting propagation is presented in Figure 35. Medium- sized twigs
(juvenile stems) were selected as a source of cuttings. Stock trees were visited weekly,
to determine whether they were ready to yield cuttings (see Chapter 2). Cuttings were
harvested with a sharp pair of secateurs or a knife, kept in large sacks or black plastic
bags, and taken immediately to FORRU’s research nursery, where they were watered

thoroughly before preparation.

Preparation of cuttings (40 Ieafy stem cuttings for each treatment)
cutting the base to the heel shape below a node, removing unwanted material (lower
| leaves, the fragile apical section, erc.)
A
The cuttings were soaked in a dilute fungicide solution (Benlate) for 10 minutes.
{
The bottom 5-10 mm of the fresh cut base cuttings were dipped in rooting
hormone

(for 10 minutes with solution and quick drip with powder hormone).

Figure 35. The flow chart of cutting propagation.
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)

The cuttings were put in the cutting media; i) sand and rice husk charcoal mixed in
the ratio 50:50 v/v., ii) a hole in the medium was made with a smal} stick
(not too deep and about the same diameter as the cuttings).
3
Ten small bags were contained in a big plastic bag (20 x 30")
about one litter water was added, -the bags with a tied close,
label (species, replication), checked for tears and water level weekly.
\

Harvesting; collect data after three months or when rooting occurred
percentage of roots and/or shoots, vigour were analyzed, relative performance score,
comparisons among species.

3
Potting of rooted cuttings
cuttings were potted in a mixture of forest soil and organic matter, the ratio of forest
soil, peanut husk and coconut husk was 2:1:1, ten potting bags were contained in the
old big plastic bag (20x30") and were shaded instde the nursery for about 2 weeks,
 then take the old big plastic bag off and following shade in the nursery for about 2

weeks.

Figure 35. The flow chart of cutting propagation (continue).
5.2.2 Preparation of Leafy Stem Cuttings

A workplace was prepared in the nursery, with tools and materials ready for preparing
the cuttings and auxins. Labels, permanent color pens, record sheets, ties, knife
blades, water, fungicide (Benlate), gloves and baskets were prepared. Moderately
vigourous juvenile shoots were selected and cut into 10-20 ¢cm long lengths. Juvenile
stem (Khun and Dick, 1995) retains its greenish color, has well developed leaves, and

the bark of the stem is smooth. The hardened woody part, below of the shoot was
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removed. Also the fragile apical section, which is too young and not well developed
was removed. The number of nodes or length of cuttings varies with each species. For
some species, single-nodes were used, if each node had both a leaf and a bud. For
others, two or three nodes were used if the shoots had short internodes, and lacked
leaves or buds. For some species, many nodes were used, if the shoots had minute
leaves and very short internodes. The presence of a leaf or leaves on the cutting is
important for root formation and development. For species, with big leaves, the leaf
was cut transversely to half or two thirds of its size, to reduce water loss though
transpiration, such as for Ficus lamponga (1-2 leaves in half), Ficus hirta (1 leaf into
two thirds), Ficus superba (1-2 leaves in half), Morus macroura (1-2 leaves in half)
and Saurauia roxburghii (1-2 leaves into two thirds). Medium and small leaves on the
cuttings were cut into haives, e.g. Colona flagrocarpa (2-3 leaves in half),
Debregeasia longifolia (2-3 leaves in half), Eurya acuminata (2-3 leaves in half),
Macaranga kurzii (1-2 leaves in half) and Trema orientalis (2 leaves in half). Cuttings
were further prepared by re-cutting the base, through a node, into a heel shape, and
removing unwanted material. The bases of the cuttings were then put immediately into
a breaker with water. Finally, the whole of the leafy stem cuttings were soaked in a

fungicidal solution Benlate (3 g/10 L) for 5-10 minutes to prevent fungal infection.
5.2.3 Preparation of Hormones

Two commohly used, artificial auxins, IBA and NAA, were selected for this
experiment. In addition Seradix (IBA hormone, in powdered form) was tested. Two
types of Seradix (Seradix #2 and Seradix #3) were selected. Seradix #2 contained
3,000 ppm IBA and Seradix #3 contained 8,000 ppm of IBA. Caution was taken not to
apply too much Seradix powder to the base of the cutting which can sometimes stop
outgrowth of new roots. Only a single layer on each cuttings. The powder was kept
dry and refrigerated before use. The concentrations of IBA tested were 2.5, 5.0, and
8.0 grams/litre (= 2,500, 5,000, and 8,000 ppm ) or a 0.25, 0.5, and 0.8% solution. The
concentrations of NAA tested were 2.5, and 5.0 grams/litre (= 2,500 and 5,000 ppm)

or a 0.25 and 0.5% solution. All hormone preparations were kept in a refrigerator at 5-
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10 °C. Before using (for some treatments) IBA and NAA were mixed together in the
ratio of 1:1 or 2,500:2,500 ppm, and 2:1 or 5,000:2,500 ppm. Seven hormone
treatments were tested; i) control (no hormeone), ii) IBA 3,000 ppm, iii) IBA 8,000
ppm, iv) Seradix #2, v) Seradix #3, vi) IBAINAA = 1:1 (2,5000:2,500 ppm) and vii)
IBA:NAA = 2:1 (5,000:2,500 ppm).

5.2.4 Preparation of Plastic Propagation Bags

Plastic propagation bags were prepared according to the meﬁaods described by
Kantarli (1993). Leafy stem cuttings were treated with a fungicidal solution Benlate
(5.2.2) and with hormones (see 5.2.3) and planted in a rooting medium in small black
plastic bags. Ten small black plastic bags were put in a larger plastic bag (20 x 30
cm’). There were four replications of 40 leafy stem cuttings for each treatment and for
each species. The rooting medium was sand and rice husk charcoal mixed in the ratio
50:50 v/v. About one liter of water was added to each bag when originally prepared,
which created circulating condensation inside. The bags were tied closed and checked

for tears and water level weekly.
5.2.5 Experimental Design

A vertical hole about the same diameter as each cutting and 3-5 cm deep was made
with a pencil. Cuttings were placed in the hole and the medium was made firm around
each by watering. The plastic propagation bags were tied closed. Each plastic
propagation bag was labeled with the species of tree, the date of preparation setting,

the treatment and the number of the replicate.

A Complete Randomized Design was used to test for significant differences among.
Forty cuttings were used with each treatment i.e. for each species propagated i.e. 280
cuttings. Seven treatments were tested with four replications of each treatment (10
cuttings per replication). Dead cuttings and dried leaves were removed from the bags

weekly, to prevent diseases. Percent rooting, % new shoots, % survival, number of
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shoots, number of roots, shoot length and root length, were recorded after 3 months or
when roots become visible. At the end of the experiment cuttings were harvested and
transplanted into polybags. The harvesting time was used to divide the species into
three groups, based on the ease with which they rooted: rapid (31-61 days), medium
(85-98 days) and slow (120 + days). The relative performance score (within species)

and comparisons among species were calculated.
Relative Performance Score

The relative response (within species) of cuttings to the various treatments applied
could be divided into two main components: survival and vigour (see Table 21). The
single variable, mean % of serving cuttings that sprouted both roots and shoots, was
used to quantify survival, because cuttings that failed to produce shoots and roots
would not ultimately contribute towards the production of planting stock. Vigour
could be quantified by four variables, the mean numbers of both shoots and roots
produced and their mean lengths at the end of the experiments. An index of relative
performance was therefore devised that combined both survival and vigour within a

single statistic, using the formula below:

Vg 3\
RPS=50x TS +il TmNR + ToNS + TrRL + TrsL Jxo.zs
MaxS MaxNR  MaxNS  MaxRL MaxSL '

RPS relative performance score for each treatment

Max = largest mean value among treatments

Trt = the mean value for each individual treatment

S =mean % survival of cuttings with both new shoots and roots
NR = mean number of roots

NS = mean number of shoots
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RL = mean root length
SL = mean shoot length

This results in a score with a maximum value of 100 and a minimum possible value of
0.

Comparisons among Species

Comparisons among species, in the relative ease of producing viable planting stock
from cuttings, are more problematic, since experiments on each species took place at
different times of the year (due to seasonal variability in availablability of cutting
material) and lasted for differing lengths of times. Experiments had to be terminated
when cuttings began to outgrow their plastic bags. This occurred after different
durations for each species, due to major differences in the rapidity with which cuttings
of different species rooted and grew. However, it was possible to devise a broad index
that can be used to compare general “ease of cutting propagation” among species,
based on the speed with which it was possible to produce a crop of cuttings ready for
potting, the relative numbers of cuttings that could be produced from 4 replications
(40 bags) and their vigour. This index could then be used to divide the species into 3
broad classes, according to the ease with which planting stock could be produced from
leafy stem cuttings: high (>90), medium (40-90) and low (<40). First the tfeatmcnt
that worked best for each species was selected, then the data from that treatment were

used to compare among species, using the formula below:

- *e

{ NoS +NoR + RL__+SL :x025
{ MaxNo S MaxNoR MaxRL MaxSL }

33.333 x| Minimum NDi + _Sp §
Species ND " Max SpS

ND = no days from planting to termination of experiment and potting cuttings




164

Sp S = mean % survival of cuttings with both new shoots and roots
Max = largest mean value among species

No R = mean no. roots

No S = mean no. shoots

RL = mean root length

SL = mean shoot length

As before, this index had a maximum potential value of 100 and a minimum of 0.

5.3 Results

A summary of the species tested, their phenology and main results are presented in
Table 17. The cutting propagation results in detail are presented in Table 18. A one-
way ANOVA was used to study the significance of interactions between treatments,
Performance scores of survival and vigour of ten tree species are presented in Table

19 and relative performance scores are presented in Table 20.

a) Colona flagrocarpa

Chemical treatments had substantial and significant effects on the success of cutting
propagation of Colona flagrocarpa. With no chemical treatments, only a mean of 10%
of cuttings (1 per bag) survived with both roots and shoots. All four IBA and
IBA:NAA treatments were equally effective at producing viable planting stock. With
regard to vigour, chemicals produced no significant effects on 3 of the four variables
of vigour. Only number of roots was significantly increased by 5 of the 6 treatments.
IBA 3000 ppm had the greatest effect, raising the number of roots produced during the
experiment fourfold, but the mean value was not significantly greater than the other 4
treatments. Calculation of the relative performance score ranked IBA 8000 ppm as the

most effective treatment, but all treatments containing IBA were ranked relatively

high.

Compared with other species, Colona flagrocarpa did fairly well (medium). Only 3

other species (Debregeasia longifolia, Morus macroura, Saurauia roxburghii)
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achieved maximum mean values of survival with roots and shoots of greater than
60%. The resulting plants were generally vigourous with healthy root systems.
However, rooting occurred very slowly, requiring 120 days from collection of leafy
stem cuttings to the transfer of rooted cuttings into pots. Only two other species
(Eurya acuminata and Macaranga kurzii) took longer. However, with cutting
collection in July and potting in November, there would be 7 months for further
development of the potted cuttings to grow large enough for planting out at the start of
the first rainy season after cutting collection. It should therefore be possible to produce

viable planting stock in slightly less than | year.

b) Debregeasia longifolia

Chemical treatments had substantial and significant effects on the success of cutting
propagation of Debregeasia longifolia. With no chemical treatments, only a mean of
8% of cuttings survived with both roots and shoots. The two Seradix and IBA
treatments could be regarded as all equally effective at producing viable planting
stock. With regard to vigour, chemicals produced no significant effects on 2 of the
four variables of vigour. Only number of shoots and shoot length were significantly
increased both by 1 of the 6 treatments. Once again, Seradix #3 had the greatest effect,
raising the number of shoots produced during the experiment almost six fold, and the
mean v.alue was significantly greater than with the other 5 treatments. Calculation of
the relative performance score ranked Seradix #3 as the most effective treatment, but

all treatments containing Seradix and IBA were ranked relatively high.

Compared with other species, Debregeasia longifolia did very well. Only 3 other
species (Colona flagrocarpa, Morus macroura, Saurauia roxburghii) achieved
maximum mean values of survival with roots and shoots of greater than 60%. The
resulting plants were generally vigourous with healthy root systems. Rooting occurred
rapidly, requiring only 32 days from collection of leafy stem cuttings to the transfer of
rooted cuttings into pots. However, with cutting collection in September and potting
in November, there would be 7 months for further development of the potted cuttings

to grow large enough for planting out at the start of the first rainy season after cutting
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collection. It should therefore be possible to produce viable planting stock in slightly

less than 1 year,

¢) Eurya acuminata

In general, chemicals reduced cutting performance of this species. With no chemijcal
treatments, a mean of 10% of cuttings survived with both roots and shoots. The
Seradix treatments were all equally effective at producing viable planting stock,
significantly more so than the control. With regard to vigour, chemicals produced
significant effects on all of the four variables of vigour. Seradix #3 had the greatest
effect, nearly doubling the number of shoots produced with the mean value
significantly greater than that of the control and IBA:NAA treatments. Calculation of
the relative performance score ranked Seradix #2 as the most effective treatment, but

all treatments containing IBA and/or NAA were ranked relatively lower than control.

Compared with other species, Furya acuminata did not response well to cutting
propagation. The resulting plants were generally vigourous with healthy root systems.
However, rooting occurred very slowly, requiring 123 days from collection of leafy
stem cuttings to the transfer of rooted cuttings into pots. Only one other species took
longer. With cutting collection in March and potting in July, there would be 10
months for further development of the potted cuttings to grow large enough for
planting out at the start of the first rainy season after cutting collection. It should
therefore be possible to produce viable planting stock in slightly less than | year.
However, other treatments should be tried to increase survival of cuttings with both

roots and shoots.

d) Ficus lamponga

In general, chemical treatments reduced cutting performance of this species. With no
chemical treatments, a mean of 5% of cuttings survived with both roots and shoots.
Seradix #2 and IBA: NAA = 2:] treatments were both equally effective at producing
viable planting stock. With regard to vigour, chemicals produced no significant effects

on all of the four variables of vigour. Seradix #2 had the greatest effect and the mean
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value was greater than the other treatments. Calculation of the relative performance
score ranked Seradix #2 as the most effective treatment and IBA 8000 ppm and IBA:
NAA = 1:1 treatments were ranked relatively high. However, Seradix #3, IBA 3000
ppm and IBA: NAA = 1:1 treatments resulted in lower performance than the control.

Compared with other species, Ficus lamponga responded relatively poorly to cutting
propagation, although the resulting plants were generally vigourous. Rooting occurred
moderately slowly, requiring 90 days from collection of leafy stem cuttings to the
transfer of rooted cuttings into pots. Five other species took longer. With cutting
collection in February and potting in May, there would be 1 month for further
development of the potted cuttings to grow for planting out at the start of the first
rainy season after cutting collection. It should therefore be not possible to produce
viable planting stock. Further experiments using cuttings collected in July to October

and try other treatments to should be carried out to increase cutting survival.

¢) Ficus hirta

Only Seradix had a significant effect on the success of cutting propagation of Ficus
hirta. With no chemical treatments, only a mean of 5% of cuttings survived with both
roots and shoots. Only the number of shoots was significantly increased and only with
Seradix #2, which raised the number of shoots produced during the experiment

threefold. Calculation of the relative performance score ranked Seradix #2 as the most

effective treatment.

Compared with other species, Ficus hirta did fairly well. The resulting plants were
generally vigourous with healthy root systems. However, rooting occurred moderately
slowly, requiring 98 days from collection of leafy stem cuttings to the transfer of
rooted cuttings into pots. Only three other species (Colona flagrocarpa, Eurya
acuminata and Macaranga kurzii) took longer. With cutting collection in January and
potting in April, there would be 2 months for further development of the potted
cuttings to grow large enough for planting out at the start of the first rainy season after

.cutting collection. It should therefore be not possible to produce viable planting stock.
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Further experiments, collecting cuttings at other times of the year and trying other

treatments to increase cutting survival with both roots and shoots should be attempted.

f) Ficus superba

Chemical treatments had substantial and significant effects on the success of cutting
propagation of Ficus superba. With no chemical treatments, only a mean of 15% of
cuttings survived with both roots and shoots. IBA 3000 ppm and IBA:NAA = 2:1
significantly increase % survival with roots and shoots. With regard to vigour,
chemicals produced no significant effects on 2 of the four variables of vigour. Only
number of roots and shoots were significantly increased by 2 and 1 of the 6

treatments, respectively.,

Most axiliary buds of rooted cuttings developed into shoots after potting. IBA 3000
ppm had the greatest effect on cuttings surviving with roots. Calculation of the
relative performance score ranked IBA:NAA = 2:1 and IBA 3000 ppm as the most
effective treatments, but all treatments were ranked high. Thus, IBA:NAA or IBA

3000 ppm were the best treatments for this species.

Compared with other species, Ficus superba did fairly well. The resulting plants were
vigourous and healthy. Rooting occurred moderately quickly, requiring only 61 days
from collection of leafy stem cuttings to transfer of rooted cuttings into pots.
However, with cutting collection in October and potting in December, there would be
6 months for further development of the potted cuttings to grow large enough for
planting out at the start of the first rainy season after cutting collection. It should

therefore be possible to produce viable planting stock in slightly less than 1 year.

g) Macaranga kurzii
Chemical treatments had no significant effects on the success of cutting propagation
of this species. With no chemical treatments, a mean of 23% of cuttings survived with

both roots and shoots. Chemicals produced were no significant effects all four
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variables of vigour. Calculation of the relative performance score ranked IBA:NAA =

1:1 as the most effective treatment.

Compared with other species, Macarariga kurzii did not do well. Rooting: occurred
very slowly, requiring 130 days from collection of leafy stem cuttings to the transfer
of rooted cuttings into pots. with cutting collection in August and potting in
December, there would be 6 months for further development of the potted cuttings to
grow large enough for planting out at the start of the first rainy season after cutting
collection. It should therefore be possible to produce viable planting stock in slightly
less than 1 year. However, further treatments need to be developed to increase cutting

survival.

h) Morus macroura

With no chemical treatments, only a mean of 42.50% of cuttings survived with both
roots and shoots. Only IBA §000 ppm treatments significantly increased production of -
viable planting stock. With regard to vigour, chemicals produced no significant effects
on 2 of the four variables of vigour. Only numbers of roots and length of shoots were
significantly increased by 2 and 3 of the 4 treatments, respectively. Most axillary buds
of rooted cuttings developed into shoots after potting. Calculation of the relative
performance score ranked IBA 8000 ppm as the most effective treatment, but
IBA:NAA = 1:1 was also ranked relatively high.

Compared with other species, Morus macroura did fairly well. The resulting plants
were generally vigourous with healthy root systems. However, rooting occurred
moderately slowly, requiring 85 days from collection of leafy stem cuttings to the
transfer of rooted cuttings into pots. However, with cutting collection in July and
potting in October, there would be 8 months for further development of the potted
cuttings to grow large enough for planting out at the start of the first rainy season aﬁer
cutting collection. It should therefore be possible to produce viable planting stock in

shghtly less than | year.
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i) Saurauia roxburghii

Chemical treatments had substantial and significant effects on the success of cutting
propagation of Saurauia roxburghii. With no chemical treatments, only a mean of
38% of cuttings survived with both roots and shoots. Only Seradix #3 significantly
increased production of viable planting stock. With regard to vigour, chemicals
produced no effects on all of the four variables of vigour. Calculation of the relative

performance score ranked only Seradix #3 more effective than the control.

Compared with other species, Sawrauia roxburghii did fairly well. The resulting
plants were vigourous with healthy. However, rooting occurred moderately slowly,
requiring 92 days from collection of leafy stem cuttings to the transfer of rooted
cuttings into pots. Four other species took longer. However, with cutting collection in
November and potting in February, there would be 4 months for further development
of the potted cuttings to grow large enough for planting out at the start of the first
rainy season after cutting collection. It should therefore be possible to produce viable

planting stock in slightly less than 1 year.

j) Trema orientalis

Chemical treatments had no significant effects on the success of cutting propagation
of Trema orientalis. With no chemical treatments, a mean of 48% of cuttings survived
with both roots and shoots. All chemical treatments were ineffective at producing
viable planting stock. The control produced the highest number of shoots, root length
and shoot length. With mean values significantly greater than the chemical treatmenis.
Calculation of the relative performance score ranked the control as the most effective.

All treatments containing rooting hormones were ranked low.

Compared with other species, Trema orientalis did fairly well. The resulting plants
were generally vigourous and had healthy root systems. Rooting occuﬁed more
rapidly than for all other species, requiring only 31 days from collection of leafy stem
cuttings to the transfer of rooted cuttings into pots. With cutting collection in March

and potting in April, there would be 2 months for further development of the potted
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cuttings to grow large enough for planting out at the start of the first rainy season after
cutting collection, It should therefore be not possible to produce viable planting stock
to grow large enough for planting out at the start of the first rainy season after cutting
collection. Further experiment, collecting cuttings at other times of the year should be

tried.

5.4 Discussion

Leafing Phenology for Vegetative Propagation

Cuttings of six species were collected from parent trees in the dry season and four in
the wet season (see Table 17). The time at which cuttings were harvested from the
bags varied among the species and was used to divide the species into three groups,
based on the ease which they rooted; rapid, moderate and slow. In most species,
application of hormones significantly promoted root and shoot formation. The
exception was Trema orientalis. This results agrees with those of Rahman (1977);
Weaver (1972); Hartmann and Kester (1983) and Thimann and Delisle (1939).
However, only 3 species (Colona fragrocarpa, Debregeasia longifolia and Morus
macroura) achieved maximum mean values of survival, with roots and shoots, of
greater than 60%. Seradix #2 produced the highest relative performance scores with
Eurya acuminata, Ficus hirta and Ficus lamponga; Seradix #3 with Debregeasia
longifolia and Saurauia roxburghii; IBA 8000 ppm with Colona flagrocarpa and
Morus macroura; IBA:NAA = 1:1 with Macaranga kurzii and IBA:NAA = 2:1 with
Ficus superba. However, Trema orientalis rooted most efficiently without any
hormone treatment, with the control producing the highest performance scores.
Sometimes hormone application did not increase rooting percentage, but increased
numbers of roots. Similar observations with other species were noted by Kantarli
(1993). Rashid (1986) and Pong-anant and Wongmanee (1990) reported that the
effects of hormones on cuttings varied not only among the species, but also among

mother trees within species.
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In all situations, the success or failure of cutting propagation is highly dependent on
coordinating cutting operations with the optimum juvenile stage of the tissue

collected. Three of the tree species studied rooted rapidly from leafy cuttings taken

from mature trees. This contrasts with Klunklin (1998), Longman (1993), Hartmann

et al. (1990) Pong-anant and Wongmanee (1990), Rashid et al. (1986), and Libby
(1984), who noted that tree species root rapidly from cuttings taken from seedling
trees. They found that when cuttings are taken from the crowns of saplings or mature
trees, results were poor. Longman (1993) suggested that most species of trees can be
rooted from leafy cuttings, but not so many will root from leafless cuttings. Therefore,
six of the ten species tested were collected in the winter, to avoid leafless stems. For
example, the optimal season of Morus macroura for cutting preparation was May to
August. Cuttings in October (the beginning of the cool season) failed to root, in a pre-
experiment, especially with leafless stem cuttings. However, axillary buds developed
into new shoots very well and may be suitable for other vegetative propagation
methods (such as tissue culture), in this season, for this species. Hartmann et al.
(1990) suggested that propagators should avoid stock plants that have been injured by
frost or drought, defoliated by insects, stunted by excessive flowering or fruiting, or by
lack of soil moisture or proper nutrition. Thus, study of leafing phenology is very

important for propagation of forest trees from mature trees.
Vegetative and Seed Propagation

Some species have proved difficult to propagate from seed, due to long periods of
seed dormancy. For instance, Colona Jfragrocarpa, Macaranga kurzii and Trema
orientalis. Although, the other seven species in this study could be to propagated from
seed, their seedlings are produced too late or they grow too slowly to be large enough
by planting time. Also, different species produce seed at different times of the year
and they have different growth rates (Elliott er al., 2002). Thus, cuttings can provide a
more effective seedling production method. The plants would have 1-10 months for
further development after potting to grow large enough for planting out at the start of

the first rainy season after cutting colléction. It should therefore be possible to produce
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viable planting stock of most species in less than 1 year. However, for some of the
species that are slow to root (Eurya acuminata, Ficus lamponga and Macaranga
kurzii) experiments should be performed on cuttings collected in other months and
other treatments should be applied to increase the percent of cuttings surviving with
both roots and shoots. For instance, experiments with Ficus lamponga cuttings,
collected in .Tuly-October and Ficus hirta cuttings collected in other months (except

January) should be carried out.

The purpose of this experiment was specifically to test the best rooting hormone
treatments to promote cutting survival with both roots and shoots. A lot of material
had to be harvested for each treatment of each species. Examination of the seedlings
damaged them, since they had to be removed from the medium to observing rooting.
Therefore, there was too little viable material to raise cuttings to- plantable size. The
next obvious stage of research should be to adopt the best practices outlined in this
study grow the trees to a plantable size, and monitor their growth and survival in the
field compared with stock raised from seed. Additional future research is needed on 1)
comparing the effects of age, number of nodes, and number of leaves of cuttings
media, also transfer technique from cutting media to potting media, 2) other
propagation methods or other hormone treatments should be tested and 3) choosing

clones for genetic improvement.
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CHAPTER 6

Ecological Relationships

Abstract

Associations between ecological variables and the most successful treatments
to break seed dormancy and promote development of shoots and roots by cuttings
were tested with the Pearson chi-square test. Seed pre-treatments had the greatest
effects on seeds with thick integuments (p=0.001), large and medium sized seeds
(p=0.028) and those with dormancy (p=0.017). Dispersal mode, dispersal season, tree
type, forest type, response to shade, nursery/gap and seed predation were not
significantly associated with pre-treatment responses. Shade tolerance was strongly
associated with climax tree species (p=0.000). High levels of seed predation were
significantly associated with large seed size (p=0.004) and thick integument
(endocarp) (p=0.030), shade tolerance (p=0.022) and climax tree species (p=0.006).
Tree type, dispersal mode and seed dormancy were not significantly associated with
predation levels. None of the ecological variables tested had any significant
association with the outcome of chemical treatments to promote rooting and shooting

of leafy stem cuttings.

6.1 Introduction

The data in previous chapters show the best treatments to propagate only individual
single tree species. However, they do not say anything about how to propagate other
tree species. The ecology of a species affects its morphology and physiology, as each
species has evolved to adapt to conditions within its own habitat. Morphology and
physiology determine a species’ response to treatments. Therefore, a species’ ecology
might serve as a useful indicator of likely responses to horticultural treatments. The
existence of such relationships would allow prediction of which horticultural

treatments might be most successful for tree species that have never been grown in
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nurseries (Blakesley er al., 2000). From ecological principles, it might become

possible to develop indicators of horticultural practices most likely to succeed.

Relationships among variables such as seed size, seed integuments, and dispersal time
and dispersal mode have been reported before (Jansen, 1969; Jackson, 1981; Jansen
and Boe, 1991; Saverimuttu and Westoby, 1996; Blate er al., 1998; Hardwick, 1999;
Hau, 1999; Seiwa, 2000). Relationships between seed size and seed germination were
reported by Jensen and Boe (1991). Also, Pékkad (2002) studied relationships
between seed characters with germination behavior and early seedling growth of some
species as indicators of field performance. Blate er al. (1998) reported that in a South
Asian rainforest, the rate of predation is negatively associated with the thickness and
hardness of the seed coat. Hau (1999) found that the mean percentage seed removal of
Choerospondias axillaris and Elaeocarpus sylvesiris by seed predators on degraded
hillsides in Hong Kong was not significantly related to seed size. However, no
previous authors have attempted to link such characteristics with application of

horticultural techniques.

In this chapter, I test for association between ecological variables and responses to
seed pre-treatments and chemical treatment of cutting propagation, to see if results

presented in previous chapters have broader applicability.

6.2 Methods

To test for association between ecological. variables and the most successful
treatments 10 break seed dormancy and promote development of shoots and roots by
cuttings, the Pearson chi-square test of association was performed (Dytham, 1999).
Ten variables were tested for their association with best seed pre-treatments and ten
for their association with best cutting propagation treatments. Seed size was divided
into 3 classes (Table 23), integument into 6 classes, dormancy into 2 classes; tree type,

forest type, and response to shade were classified into 4 classes, performance in
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- nursery/gap was classified into 3 classes and susceptibility to predation was classified
into 2 classes. These variables were tested for their association with best treatment,

classified into 13 classes,

Tree successional status was defined as “pioneer” or “climax™ according to J. F.
Maxwell (pers. com.). The main habitat of each tree species was obtained from
Maxwell and Elliott (2001). Seeds were divided into 3 size classes. Large seeds were
>14 mm, medium 2-14 mm, and small <2 mm. The data were taken from Hardwick
(1999) and Pakkad (1997). Dispersal mode (wind or animal) and integument were
taken from J. F. Maxwell (pers. com.) and Hardwick (1999). Forest type data came
from Maxwell and Elliott (2001). All other variables were taken from my own

observations (Chapter 2) and experiments (Chapters 3-5).

The reasons why these variables were select are explained as follows. Seed size was
considered likely to affect germination because small seeds may absorb water and gas
more quickly than larger sized seeds. Therefore, special attention should be taken in

using seed size for the prediction of germination.

Dispersal season should affect seed germination. Since germination at unfavorable
times i.e. the dry season is prevented by dormancy. Thus, seeds that must overcome

dormancy should be germinated by several pre-treatments.

Dispersal mode (wind and animal) also might have an indirect effect. The most
important dispersal in evergreen forest seems to be by animals. Passage through an
animal gut affects germination. Dispersal by wind requires seeds to be very light and

small which can affect germination.

Integuments (seed coverings) were defined as thick (thick testa, endocarp, pericarp,
arill testa) or thin (thin testa and/or wing). The seed coats (or other covering

structures) are impermeable to the entry of moisture or gases. If a species has evolved
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a very thick seed coat, it may require scarification of the seed coat before water can
enter the seed and initiate germination. In species with thin seed coats, light may be
able to penetrate into the dormant embryo. The embryo may then either use the

presence of light or the absence of light to trigger its germination process.

Dormancy was defined as the number of days between seed sowing and germination
of the median seed of control group > 28 days. None or low dormancy was defined as
the MLD <28 days.

Tree successional status was defined as “pioneer, deciduous secondary growth pioneer
(DSG pioneer), climax, or pioneer/climax™ tree species. Pioneer tree species
germinate and establish in recently disturbed sites and that complete their life cycle
without being over topped by neighboring trees. Their seeds usually have dormancy.
Light stimulus or regularly fluctuating temperatures often break dormancy. Thus, it is
expected that they required pre-treatments to germinate. On the other hand, the climax
seeds are recalcitrant and germinate rapidly under poor light conditions. The seeds are
often large and should not require pre-treatment. Disturbed secondary growth pioneer
tree species (DSG pioneer) develop naturally on land abandoned after cultivation.
Pioneer/climax tree species were defined as species which could not be categorized, or

those found in both pioneer and climax forest.

The main habitat of each tree species were evergreen, deciduous, mixed evergreen and
deciduous and evergreen + pine forest. E\)ergreen forest found the canopy is higher
and denser than in the others forest type. The light intensity at ground level was 60%
while in the Deciduous was 82%. These species are often to be recalcitrant seed and
germinate rapidly under poor light conditions. Deciduous forest has an open canopy
with high light intensity, compared to evergreen forest. These species should require a
light stimulus or regularly fluctuating temperatures to break dormancy. Evergreen +
pine forest has a much more open canopy than Evergreen forest. These species should

require light stimulus more than the evergreen forest species and less than mixed
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evergreen and deciduous forest to germinate. Mixed evergreen + deciduous forest has
a slightly more closed canopy than deciduous forest. These species should require a

light stimulus and a lower temperature than deciduous forest to break dormancy.

Responses to shade, nursery/gap and predators were defined in Chapters 3 and 4.
Some seeds are stimulated by light, and others are inhibited by light during
germination. Enzymes required for germination are often light activated. So shade
response is likely to affect response to pre-treatments. Plant strategy is strongly related
to seed strategy. A plant that has evolved to live in a particular habitat must have
seeds that can disperse to, germinate and establish in that habitat. Therefore, all the

parameters selected above might be useful to predict the success of seed propagation.

Ten variables were tested for their association with best cutting propagation
treatments (Table 27). Leaf flushing was divided into 10 month classes. Leaf fall was
divided into 7 month classes. Leafing phenology was defined as "deciduous or
evergreen or leaf changing”. The period during which material for cutting was divided
into the seven month classes. Date of cutting collection, length of experiment and date
at which cuttings were ready for potting were divided into 10 classes. Comparison
among species: high class was defined as scores >90, medium as scores 40-90 and
poor as scores <40. Also, relative cutting performance score: high class was defined as
scores >90, medium as scores 40-90 and low as scores <40. The variables were tested
for their associatioﬁ with best treatment, classified into 6 classes. The data were taken

from Chapters 2 and 5.

Leaf flushing, leaf fall, leafing phenology (defined in Chapter 2) were considered the
main variables which influence the rooting of cuttings. Especially, the juvenility of the
shoots is very important for rooting of cuttings. Published results suggest that trees
species can be rooted from leafy cuttings, but not so many will root from leafless
cuttings. These results indicate that rooting of cutting is related to photosynthetic

activity during propagation. Also, the period during which materials for cutting and
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date of cutting collection were might affect cutting success. This might be due to in
early dry season, physiological dormancy developing inside the plant body. Therefore,
leafing phenology was considered likely to be associated with vegetative propagation
success. Length of experiment, date when cuttings were ready for potting, comparison
among species classes and relative cutting performance score classes might also affect

rooting of cuttings and were therefore tested for association with cutting treatments.

The SPSS computer program was used to perform the Pearson chi-square test of
association between each ecological variable in turn with the most successful seed

pre-treatment or cutting propagation treatment.
6.2 Results
Ecological Variables Associated with Best Seed Pre-treatments

The results of the chi-square tests of association between ecological parameters and
best treatments for seed propagation are shown in Table 24. Few ecological variables
were significantly associated with best seed pre-treatments. Seed pre-treatments had
the greatest effects on seeds with thick integuments (p=0.001), large and medium
sized seeds (p=0.028) and seeds with dormancy (p=0.017). Thus, the large and
medium, hard coated seeds with dormancy responded to pre-treatments that removed

seed coat dormancy to encourage seed germination.

Prolonged seed dormancy was significanily associated with better seed germination
under gap conditions than in nursery (p=0.039) and was strongly associated with seeds

with thick integuments (p=0.024).

Thick seed integuments were also strongly associated with animal dispersal
(p=0.000). Small seed size was significantly associated with better seed germination

in the nursery (p=0.006), compared with forest gap and thin integument (p=0.003).
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In summary, therefore, seed species that responded well to pre-treatments were those
with large and medium seed sizes which had thick seed integument dormancy. In
contrast, dispersal mode, dispersal season, tree type, forest type, shade, nursery/gap

and predator were not significantly associated with pre-treatment success.

Ecological Variables Affecting Shade Tolerance

Shade tolerance was strongly associated with climax tree species (p=0.000). Seed size,
dispersal season, dispersal mode, integument, dormancy, pre-treatment, forest type,
predation and nursery/gap had no association with shade tolerance.

Ecological Variables Affecting Seed Predation

High Jevels of seed predation were significantly associated with the large seed size
group (p=0.004), thick integument (endocarp) (p=0.030), shade tolerance (p=0.022)
and climax tree species (p=0.006). Tree type, dispersal mode and seed dormancy were
not significantly associated with predation levels.

Ecological Variables Affect Cutting Propagation

None of the ecological variables tested had any significant association with the

outcome of chemical treatments to promote rooting and shooting of leafy stem

. cuttings.

6.3 Discussion

Seed Germination

In general, the seed species studied could be divided into two groups: those that

germinated well without pre-treatments and those that required pre-treatment. Chi-
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square test results showed that pre-treatments had the most significant effects on large
and medium size seeds (p=0.028) with long dormancy (p=0.017) and thick
integuments (p=0.001). Since most of the treatments acted on the outside of the seeds
to break seed dormancy, the association between seed pre-treatment and these
variables was expected. Thick integument was significantly associated with long seed
dormancy. Thus hard coated seeds coat have dormancy and they required pre-
treatment to encourage seed germination. This result agrees with those of Hardwick
and Elliott (1992), Kopachon (1995), Hardwick (1997), RORRU (1998), Singpetch
(2001) and Vongkamjan et al. (2001).

Non-dormant tree seed species tended to germinate better in the nursery, whilst
dormant seeds did better under gap conditions. Small seeds tended to have short
dormancy, because water could diffuse to the embryo and/or gas exchange could
occur rapidly, The einbryos of smaller seed were therefore stimulated by water faster
than in bigger seeds. Also, in the nursery, there was regular watering, and high light
levels. Because these seeds are generally recalcitrant, so they could therefore
germinate immediately after sowing. Dormant seeds required pre-treatment to break
seed dormancy. Thick seed integument was associated with animal dispersal, more
than with wind dispersal. Animal-seed dispersers influence the germination of many
tree species, by the way in which seeds are treated in animals, guts (Traveset, 1998).
Pre-tréatment was therefore required for this group. For example, scarification or acid
treatments were required to encourage germination of animal dispersed seeds of
evergreen forest species, and heat or soaking for deciduous forest species. Small-size
and light weight are necessary for dispersal by wind. Small seed size was significantly
associated with better seed germination in nursery conditions. These seeds have thin
integuments, that water and gas can enter quickly to initiate germination more easily

than larger seeds, as noted by Koning (1994).
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Although, small seeds had low predation rates, they could not germinate well in the
gap because of the unsuitable of environment (shade, lack of water, more competition

of weeds, efc.).

High seed predation was significantly associated with large seed size and thick
integument (endocarp), because large seeds were found easily by predators and
contain substantial food reserves:as noted by Wood (2001). Blate ef al. (1998) and
Mack (1998) reported that large seeds are affected more by seed predation than small
ones. Some seeds have evolved to develop a thick seed coat as protection, until they
germinate. Large seeded species may fail to develop into seedlings because they are
destroyed by predators. If thin small seeds avoid predation, they may fail to germinate
because of environmental conditions. High levels of solar radiation, in large clearings,
may increase soil and air temperatures and decrease soil moisture content, but some
small seeds are resistant to high temperatures and may even require them for
germination. Hammond (1999) reported that the seed predation is negatively
correlated with the mean length of seasonal dormancy. High seed predation was
significantly associated with the large seed size group and thick integument
(endocarp). Therefore, seeds must be protected from predators before sowing seeds in

the forest gaps.

Vegetative Propagation

The statistical tests failed to show any association between ecological variables related

to leafing and response to chemical treatments to promote root/shoot production by

cuttings. This may have been due to the low number of species tested and the wide
range of various responses to the different treatments, resulting in very small numbers
of species in each class of ecological variable and response to treatments. If this

experiment is repeated, I recommend at least 30 species should be tested.
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Chapter 7
Conclusions and Recommendations

The main objectives of this study were to develop appropriate techniques to propagate
indigenous forest tree species for forest restoration projects and to explore
relationships between the ecology of the species tested and best horticultural practices.
Recommendations arising from this study, to imp rove horticultural practices to grow

trees for forest restoration are summarized below.
Recommendation for 32 Experiment Species

Acrocarpus fraxinifolius
Scarification is recommended for this species. Seed germination of 90% within only 5

days can be achieved after this pre-treatment. Seeds should be sown in shade.

Afzelia xylocarpa
Before sowing seeds, the aril should be removed. Scarification + soaking in water for
24 hours is recommended to achieve a germination rate of 96% in 18 days. The seeds

should be sown in shade.

Albizia chinensis
Pre-treatment of seeds with scarification or soaking in water overnight can overcome

dormancy. Pre-treated seeds gave 93-96% germination within.6-11 days. Seeds can be

sown in partial shade or deep shade.
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Aporusa villosa

It can be propagated by seed, including by direct sowing in forest gaps. The time of
seed collection is important for germination success. The seeds are recalcitrant and
cannot tolerate drying out. Seeds germinate well (92%) and germination is completed

within 19 days without pre-treatment. Seeds should be sown in shade in the nursery.

Betula alnoides
This species has a very low maximum percentage germination (19% in 14 days)
without pre-treatment. Seeds should be sown in shade. Alternative seed treatments or

vegetative propagation should be investigated.

Cassia fistula
Scarification and soaking in the water over night or soaking in sulfuric acid for 10
minutes can be used to overcome seed dormancy. Germination of about 94-98%

within 6-9 days can be achieved after these pre-treatments. Seeds should be sown in

partial shade or deep shade.

Colona flagrocarpa

This species is very difficult to propagate by seed, so cutting propagation, with IBA

8000 ppm, 1s recommended for this species.

Debregeasia longifolia

This species is easily propagated by seed and by cuttings. Seeds have a high
germination rate without pre-treatment (94% in 51 days). Seeds should be sown in
partial shade. Leafy stem cuttings treated with Seradix #3 and planted in rice hush

charcoal: river sand (1:1) showed 68% rooting success.
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Diospyros undulata
Seeds are recalcitrant and loose viability very rapidly. Seeds should be sown in shade.
A maximum germination rate of 43% within 5 days can be achieved without pre-

treatments. Seeds can also be sown directly in forest gaps.

Elaeocarpus lanceifolius

Seeds must be sown in the deep shade. Special techniques were required to extract the
pyrenes with complete removal by cracking open the endocarp. This method is
necessary to increase germination percentage and is better than simply nicking the
woody endocarp with a small cut. Pyrenes of this species showed about 75-83%

germinatton in 41-50 days after scarification or scarification and then soaking in water

over night.

FElaeocarpus prunifolius
This species is very difficult to propagate from seed. Scarification (the endocarp had
been removed) or scarification with soaking in water for 24 hours increased

germination to only 44-47% in 30-32 days. Seeds should be sown in shade.

Eurya acuminata

This species can be propagated by seed (68% within 33 days) without pre-treatment.
Seeds should be sown in partial shade. This species can also be propagated by cuttings
{18% with Seradix #2).

Ficus hirta
Ficus hirta has low percentage germination (20% within 16 days). Seeds should be

sown in partial shade. Leafy stem cuttings were successful (45%) with Seradix #2

being the best treatment.
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Ficus lamponga

This species can easily be propagated by seed. Seed had a germination rate of about
80% in 24 days without pre-treatment. Seeds should be sown in partial shade.
Cuttings were less successful (23% of the roots) after they were treated with IBA:
NAA =2:1.

Ficus superba

Ficus superba can be propagated from seed (87% within 10 days) and vegetatively.
Seeds germinated well without pre-treatments, but seedlings grew slowly. Seeds
should be sown in shade. IBA 3000 ppm encouraged high rooting of cuttings (72%).
IBA: NAA (2:1) resulted in 42% of cuttings developing shoots and roots.

Glochidion acuminatum
Soaking in concentrate sulfuric acid for 5 minutes is the best treatment for this

species, resulting in 38% germination in 172 days. Seeds should be sown in partial
shade.

Irvingia malayana
Soaking in hot water is recommended for this species, resulting in 96% germination in

48 days. Seeds should be sown in shade.

Lagerstroemia speciosa
Soaking in water or soaked in sulfuric acid for 3 minutes resulting in 78-89%
germination in 71-75 days is recommended for this species. Seeds should be sown in

partial shade. Seed can also be sown directly in the field.
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Macaranga kurzii
Seeds have delayed germination. Also, cuttings propagation was not very successful

(25%) after treatment with Seradix #2 and #3. Alternative techniques are

recommended for research.

Macropanax dispermus
Viability of the seeds is short, so they should be sown immediately. Seeds should be

sown in shade. Seeds had 67% germination in 24 days without pre-treatment.

Morus macroura

This species can be easily propagated by seed (99% within 5 days) after pre-treatment
by soaking in sulfuric acid for 1 minute. Seeds should be sown in shade. It can also be
successfully propagated by leafy stem cuttings (90% of roots) without rooting

hormone. Also, it was suitable for direct seeding in the forest gap.

Reevesia pubescens
Treatment with sulfuric acid for 3 minutes resulting in 91% in 18 days is

recommended for this species. Seeds could be sown in partial shade or deep shade.

Saurauia roxburghii

This species had low percentage germination (38-43% within 29-41 days). Seeds
should be sown in shade. Propagation from leafy stem cutting was more successful.
Seradix #3 was the best treatment to encourage rooting about 65%. It was suitable for

direct seeding.
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Schleichera oleosa
Seeds have delayed germination. The germination rate was very low (18% in 90 days)
without pre-treatment. Seeds should be sown in shade. Seed can also be sown directly

in the forest gap. However, alternative methods of propagation should be investigated.

Shorea obtusa
Seeds rapidly lose their viability. Mature seeds germinate well (about 83%)
immediately after collection without pre-treatment. Seeds should be sown in partial

shade. Germination was completed within 3 days.

Sindora siamensis
Scarification or scarification + soaking are recommended seed pre-treatments. Using

these methods, the germination rate was about 61-74% within 5-6 days. Seeds should

be sown in shade.

Terminalia bellirica
Soaking in water is recommended resulting in 100% germination in 20 days after pre-

treatment. Seeds should be sown in shade.

Terminalia chebula

The seeds should sown in the shade. Special techniques are required to extract the
pyrenes with complete removal by cracking open the endocarp. Pyrenes of this species
show about 42-46% germination in 18-20 days after scarification by soaking in

sulphuric acid for 5-10 minutes. Seeds should be sown in shade.
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Terminalia mucronata
Seeds have no dormancy, and the germination rate is often low (38% in 27 days).
Scarification by hand and extract the pyrenes with complete removal by cracking open

the endocarp was the best treatment for this species. Seeds should be sown in shade.

Tetradium glabrifolium
Seeds had often low germination rate (41% in 76-96 days) after pre-treatment.
Soaking seeds in sulphuric acid for 5-10 minutes is the best treatment for this species.

Seeds should be sown in shade.

Trema orientalis
Seeds contain an impervious testa which must be ruptured by sulphuric acid for 3
minutes before they will germinate (98% in 150 days). Seeds could be sown in partial

shade or deep shade. Cuttings were less successful, but had the 48% with roots after

no hormone treatments.

Vacinium sprengelii
Cleaned seeds should be sown as soon as possible after collection. Seeds showed
about 51% germination in 27 days without pre-treatment. Seeds should be sown in

shade. It was suitable for direct seeding.
Recommendation for Other Species.

Seed pre-treatment had the greatest effect on germination of seeds with thick
integument (seed coat). Scarification, scarification + soaking and heat were the best
treatments that promoted germination of these seeds with thick integuments, including
pyrenes covered by woody endocarps. Trema orientalis, seeds had an endocarp. Thus,

its seeds required scarification by sulphuric acid treatment for 3 minutes to encourage
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seed germination. Seeds of Acrocarpus fraxinifolius, Albizia chinensis, Cassia fistula
and Lagerstroemia speciosa required scarification and/or scarification + soaking or
acid treatment for 3-10 minutes, to break the thick testa and wing to encourage seed

germination.

Small non dormant-seeds tend to germinate better in the nursery, whilst dormant seeds

do better under gap conditions.

Seed predation has the greatest effects on seed germination with large and medium

seed covered with thick integuments.

Seed propagation should test pre-treatments with thick integuments tree species.
Seeds of climax tree species should be sown in shade. Small non dormant-seeds
should be germinated in the nursery. Also, medium or large seeds of climax ftree,

covered with thick integuments should be protected from predator.

Field experiments should test the feasibility of direct seeding of the following seven
species; Aporusa villosa, Diospyros undulata, Lagerstroemia speciosa, Morus

macroura, Saurauia roxburghii, Schleichera oleosa and Vaccinium sprengelii.

Only five tree species achieved maximum mean values of survival with roots of
greater than 60%. IBA 8000 ppm was the best treatment for Colona flagrocarpa and
Morus macroura. The cuttings of Debregeasia longifolia and Saurauia roxburghii
responded best to Seradix #3. IBA 3000 ppm or IBA: NAA=2:1 is the best treatment

for Ficus superba.

None of the ecological variables tested had any association with the outcome of

chemical treatments to promote rooting and shooting of leafy stem cuttings.
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Further research should test IBA 8000 ppm and Seradix #3 on other forest tree

species.

O
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Appendix L. Seedling Descriptions

1. Acrocarpus fraxinifolius Wight ex Arn. (Leguminosae, Caesalpinioideae)

Development: The radicle and hypocotyl emerge from one end of the seed. The
hypocotyl becomes erect, the cotyledons spread, and the testa splits and drops off.
Early growth is very rapid.

Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite, subcoriaceous, spreading, elliptic, tip broadly rounded,
gradually narrowing to the base, sessile; entire, glabrous, venation pinnate, dark green

above, light green beneath; 14 x 10 mm

Radicle: slender, very finely puberulous, whitish-brown, turning to dark brown with

age, root hairs brown

Hypocotyl: terete, whitish, turning brownish-light green with age, glabrous, to 5.6 cm
long

~ Epicotyl: terete, slender, very finely puberulous, green, 1-1.5 cm long.

Eophylls: alternate, once pinnate, leaflets 5, lower 3 alternate, upper pair opposite;
leaflet blades thin, ovate, tip acute, base ranging from symmetrically rounded in the
alternate ones, upper pair oblique, entire; venation pinnate, midnerve with 4-5
secondary nerves on each sides; finer venation reticulate; main nerves on both sides
and margins finely ciliolate; petiolules ¢. 0.5 mm long; petiole (infrajugal axis) c. 9
mm long, axes puberulous, terminal (ultrajugal) extension ¢. 1.25 mm long

Terminal bud sericeous

Figure |

Youcher: Vongkamjan S 1
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1 cm

Figure 1. Acrocarpus fraxinifolius Wight ex Arn.
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2. Afzelia xylocarpa (Kurz) Craib (Leguminosae, Caesalpinioideae)

Development: The radicle and hypocotyl emerge from one end the seed. By the
swelling of the cotyledons the testa ruptures irregularly and is shed. The cotyledons
are carried high above the soil by the initially nodding hypocotyl which rapidly

becomes erect.
Germination type: PER (phanerocotylar epigeal reserve storage)

Paracotyledons leaves: 2, opposite, sessile; blades obovate 0.8-1.2 cm thick; apex
rounded, base obtuse and slightly oblique; flat and slightly concave dorsally, convex

ventrally glabrous, reddish-green, 2-2.4 x 3.4-3.8 cm

Radicle: slender, fibrous, pale brown when young tuming to dark brown, root hairs

pale brown

Cotyledons: paired, erect, plano-convex, apex broadly rounded, narrowed at the base

27-30 x 17-18 mm
Hypocotyl: terete, whitish to light green, glabrous, § mm thick
Epicotyl : slender, glabrous, 7-8 cm long, 2 mm thick

Eophylls: opposite, once pinnate; leaflets 2 opposite, pairs; axes glabrous, leaflet
blades thin oblong, tip acuminate, base acuteﬁ margin entire; venation pinnate,
secondary nerves 16-19 on each side of the midrib, finer venation reticulate; glabrous,
66 x 20 mm,; petiolules pulvinate, 2 mm long; axes glabrous; infrajugal axis (petiole)
28-35 mm, ultrajugal extension ¢. 11 mm |

Stipules narrowly triangular, ¢. 4-5 mm long

Figure 2

Voucher: Vongkamjan S 2
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Figure 2. Ajfzelia xylocorpa (Kurz) Craib
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3. Albizia chinensis (Osb.) Merr. (Leguminosae, Mimosoideae)

Development: The radicle and hypocotyl emerge from one end of the seed. By the
swelling of the cotyledons the testa ruptures irregularly and is shed. The cotyledons
are carried high above the soil by the initially nodding hypocotyl which rapidly

becomes erect.
Germination type: PER (phanerocotylar epigeal reserve storage)

Radicle: slender, white tumning to brownish-white, with many slender or slightly

sinuous branches; root hairs brownish-white
Hypocotyl: light green turning to pink-white and green, glabrous, 3.2-3.5 cm long

Cotyledons: paired, erect, plano-convex, thick, coriaceous; oblong; apex obtuse, base
sagittate; margin entire; glabrous; light pink-green dorsally, light pink-green ventrally,

sessile

Eophylls: opposite, once-pinnate with 5 pairs of opposite leaflets and a terminal one;
the next leaf is bifoliate with leaflets similar to the pinnate leaf and with S pairs of
secondary leaflets which are oblong, apex and base rounded, entire, venation pinnate,
secondary nerves 3-5 on each side of the midrib, mid green above and light green
below, 9 x 3 mm

Figure 3

Voucher: Vongkamjan S 3-
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Figure 3. Albizia chinensis (Osb.) Merr.
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4, Aporusa villosa (Lindl)) Baill. (Euphorbiaceae)

Development: The radicle and hypocotyl emerge from one end of the seed. After
establishment of the radicle the enclosed cotyledons are carried up by the hypocotyl
which becomes erect and the testa is shed by the spreading of the cotyledons.

Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite, green, simple, blades elliptic, apex irregularly broadly
rounded and emarginate; base truncate, abruptly narrowed into the petiole; margin
entire, glabrous, venation pinnate, dark green above, light green below 1.9 x 1.9-2 cm;

petiole glabrous, 2 mm long

Radicle: long, slender, flexuous, brownish-green, with many long, slender, branched,

brownish-cream root hairs
Hypocotyl: rapily elongating, green, turning brownish
Epicotyl: terete, densely, minutely, brownish sericeous elongating to 1.2 cm long

Eophylls: 2, simple, spiral, subcoriaceous; apex lanceolate, base truncate; dark-green,
above, green below, 3.2-4 x 1.5-1.6 cm, midnerve sunken above, secondary nerves
pinnate, 4-6 pairs on each side of the midnerve; finer vein reticulate, arching and
joining the other veins at the margin; light green above, light green below; margin
entire; 7petiole, densely sericeous, light green, 4-7 mm long

Figure 4

Voucher: Vongkamjan S 4
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villosa (Lindl.) Baill.

Figure 4. Aporusa
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5. Betula alnoides Ham. ex D. Don (Betulaceae)

Development: The radicle and hypocotyl emerge from the small winged fruit. By
spreading the cotyledons free themselves from the testa and are carried above the soil

by the hypocotyl which becomes erect.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: opposite, elliptic, apex and base obtuse, margin entire, glabrous;
light yellow-green above, pale light yellow-green below; 2-3 x 2 mm; venation

obscure, only the midrib visible; petiole ¢. 1 mm long

Radicle: with many long slender, branched, whitish-brown root hairs
Hypocotyl: finely white sericeous, light green-pink

Epicotyl: finely white sericeous, light green-pink

Eophylls: simple, spirally arranged, elliptic; apex acute, base cuneate; margin dentate,
sparsely white sericeous above, light green and sparsely white sericeous along the
midrib below; green above, light green below; 4.5-5 x 4 mm, secondary venation
pinnate, with 3-5 pairs of alternate veins; petiole light green-pink, 1 mm long,
minutely white sericeous

Stipules finely white sericeous, light green, 0.5 mm long

Figure 5

Voucher: Vongkamjan S 5
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Figure 5. Betula alnoides Ham. ex D. Don
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6. Cassia fistula L. (Leguminosae, Caesalpinioideae)

Development: The radicle and hypocotyl emerge from one end of the seed. By the
swelling of the cotyledons the testa ruptures irregularly and is shed. The cotyledons
are carried high above the soil by the initially nodding hypocotyl which rapidly

becomes erect.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, simple, opposite, slightly succulent, sessile, spreading, elliptic;
apex broadly rounded, base obtuse, with 3 main nerves from the base, finer venation

obscure; margins entire; glabrous; dark green above, light green below; 2-2.2x 1.4 cm

Radicle: slender, fibrous, whitish—brown, turning to dark brown with age, root hairs

numerous

Hypocotyl: terete, finely puberulous; whitish-light green, turning brownish-light

green, 5-5.2 cm long
Epicotyl: terete, erect, puberulous, green, 2-2.2 cm long

Eophylls: alternate, once pinnate, with 2 pairs of opposite leaflets; leaflet blades thin,
oblong; apex acuminate, base acute; margins entire; venation pinnate, secondary
nerves 3-5 on each side of the midnerve; finer venation reticulate; glabrous and dark
green above, puberulous and light green below; 8-9 x 19-22 mm petiolules 2-3 mm
long, petiole ¢. 1 cm long; stipules subulate, 1 mm long

. Figure 6

Voucher: Vongkamjan S 6
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o

Figure 6. Cassia fistula L.
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7. Debregeasia longifolia (Burm. f.) Wedd. (Urticaceae)

Development: The radicle and hypocotyl emerge from the small seed. The cotyledons
free themselves by spreading from the testa and are carried above the soil by the

hypocotyl which becomes erect.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: opposite, ovate, apex retuse, base obtuse; margin entire, light green,
finely white sericeous; venation very obscure, trinerved, pale light green; 3 x 2 mm;

petioles pale light green, densely finely white sericeous, 0.5 mm long
Radicle: indistinct, with many long slender, branched, whitish-brown root hairs

Hypocotyl: finely white sericeous, pale whitish-green, turning to pale light green with

age
Epicotyl: finely white puberulous, pale light green

Eophylls: simple, opposite, thin, blades ovate, apex acute, base truncate, margin
crenate-serrate, finely and sparsely white sericeous, light green above, light green to
silver grey and densely, finely white sericeous below; venation pinnate, pale light
green, secondary veins 3 on each side of the midrib, 6 x 3 mm; petiole white
sericeous, pale light green-pink, 2 mm long

Figure 7

Voucher: Vongkamjan S 7
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Figure 7. Debregeasia longifolia (Burm. f) Wedd.
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8. Diospyros undulata Wall. ex G. Don var. cratericalyx (Craib) Bakh,

(Ebenaceae)

Development: The radicle and hypocotyl pierce the testa from one end of the seed.
The elongating hypocotyl pushes the testa and cotyledons above the soil. The testa and

endosperm are shed by the expanding cotyledons.

Germination - type: PEF (phanerocotylar epigeal foliaceous), with non-

photosynthetic, evanescent cotyledons

Paracotyledons: 2, opposite, sessile; blades thin, elliptic, apex and base rounded,
margins entire, reflexed and the margins nearly touching; with 5 main nerves from the
base, glabrous, whitish-pale maroon, 15 x 5 mm; caducous when the 2™ -3 eophylls

appear
Radicle: long, slender, fibrous, black

Hypocotyl: terete, slightly succulent, glabrous whitish-green, turning grayish or

brownish-green, 6.5-6.8 cm long
Epicotyl: terete, glabrous, 1-1.5 cm long

Eophylls: simple, opposite; blades thin, ovate; apex acute, base obtuse; margins
entire; venation pinnate, secondary nerves 5 pairs, finer venation reticulaté_; glabrous,
glossy brown when young, turning glossy dark green above, green below; 2.8-3 x 1
cm; petiole 1.5-2 mm long

Figure 8

Voucher: Vongkamjan S 8
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Figure 8. Diospyros undulata Wall. ex G. Don var. cratericalyx (Craib) Bakh.
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9. Elaeocarpus lanceifolius Roxb. (Elacocarpaceae)

Development: the endocarp splits longitudinally, the hypocotyl and radicle emerge
from the slit, after establishment of the radicle, the hypocotyl becomes erect, pulling
the paracotyledons, and epicotyl free and a short resting stage occurs, then with

expands and the paracotyledons spread
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite, thin, glabrous; elliptic, apex rounded and obtuse, base
obtuse, margin entire, venation pinnate, distinct, basal nerves two, extending to the
margins about the middle of the blade, other nerves 2 pairs, glabrous, dark green

above, light green below, 4-5.5 x 2-3 cm; petioles 3-4 mm long

Radicle: sturdy, fleshy, creamy-white, turning brown, with many long, slender, much-

branched, creamy-white root hairs
Hypocotyl: glabrous, bright light green
Epicotyl: very finely puberulous

Eophylls: simple, alternate, youngest blades elliptic, apex acuminate, base acute
densely sericeous, rapidly glabrescent, margin: lower % of blade entire, upper ¥z with
shallow, spaced serrations; midnerve sunken above, raised below; sec_:ondary venation,
pinnate with 3-4 alternate nerves on each side of the midnerve, arching below the
margin, tertiary venation reticulate, drying with a fine bullate texture, 75-80 x 30-35
mm; petiole very finely puberulous, exstipulate

Figure 9

Voucher: Vongkamjan S 9
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Figure 9. Elaeocarpus lanceifolius Roxb.
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10. Elacocarpus prunifolius Wall. ex C. Muell. (Elaeocarpaceae)

Development: The radicle and hypocotyl emerge from one end of the pyrene, which
splits longitudinally. The hypocotyl becomes erect, carrying the enclosed cotyledons
above the soil. The cotyledons are enclosed in the pyrene, after which the testa and

endocarp are shed by expanding of the cotyledons.

Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite, sessile; blades thin, lanceolate, apex and base obtuse,
margins entire; midnerve distinct, other nerves obscure; glabrous; light green above,

pale light green beneath; 7.8 x 2.7 cm

Radicle: long, fibrous, brownish, with few, finely-branched root hairs

Hypocotyl: terete, slender, glabrous, brownish-green, turning green; 3.2-5.5 cm long

Epicotyl: terete, glabrous, reddish, turning brownish-green, up to ¢, 2 mm long

Eophylis: 2, opposite, simple; blades thin, ovate-oblong; apex caudate, base acute and
decurrent on the petiole, margins serrate; venation pinnate, midnerve sunken above,
raised below: with 5-7 secondary nerves on each side of the midnerve, finer venation
reticulate, glabrous; orange-red when young, turning green above, pale green below; c.
47 x 15 mm; petiole ¢. 2 mm long

Figure 10

Voucher: Vongkamjan S 10



276

Figure 10. Elaeocarpus prunifolius Wall. ex C. Muell.
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11. Eurya acuminata DC, var. wallichiana Dyer (Theaceae)

Development: The radicle and hypocotyl emerge from the small seed. The
cotyledons free themselves from the testa by spreading and are carried above the soil

by the elongating hypocotyl which becomes erect.

Germination type: PEF (planerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite, 4 x 6-7 mm, thin blades ovate; apex minutely retuse,
base acute, margin entire, glabrous, venation very obscure, pinnate, green above, light
green below; petioles, glabrous light green, 1 mm

Radicle: slender with many long slender, branched, whitish brown root hairs
Hypocotyl: with finely white puberulous, pale light green

Epicotyl: finely white puberulous, light green

Eophylls: simple, spirally arranged; thin ovate, apex obtuse, base acute, venation
pinnate, with 4-6 alternate veins on each side of the midnerve; green above, light
green below; petioles light green, 1-2 mm long

Figure 11
Voucher: Vongkamjan S 11
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Figure 11. Eurya acuminata DC. var. wallichiana Dyer
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12. Ficus hirta Vahl var. roxburghii (Miq.) King (Moraceae)

Development: The radicle and hypocotyl emerge from the small seed. The cotyledons
free themselves from the testa by spreading and are carried above the soil by the

elongating hypocotyl which becomes erect.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite; blades thin, broadly elliptic to suborbicular; apex obtuse
to shallowly emarginate, base obtuse; margins entire and finely hirsute; venation
pinnate, secondary veins 3-4 pairs, finer venation reticulate; glabrous on both sides;
mid green above, light green below; c. 4 x 3 mm; petioles densely finely hirsute, ¢. 0.5

mm long

Radicle: slightly sinuous, whitish, becoming light brown with age, root hairs fibrous,

whitish-brown
Hypocotyl: terete, sparsely finely hirsute, light green, 4-5 mm long
Epicotyl: terete, densely hirsute, light green, ¢. 0.5-1 mm long

Eophylls: simple, aliernate; blades thin, broadly ovate, apex acute, base obtuse to
truncate; margins serrate, venation pinnate, midnerve prominent and raised below;
secondary veins 3-4 pairs, finer venation reticulate, scattere(_i hirsute on both sides and
densely so along the main nerves and margins; light green above, pale light green
below; ¢. 8-9 x 6-7 mm; petiole 1 mm long

Stipules lanceolate, hirsute, ¢. 0.5 mm long

Figure 12

Voucher: Vongkamjan S 12
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Figure 12. Ficus hirta Vahl var. roxburghii (Miq.) King
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13. Ficus lamponga Miq. (Moraceae)

Development: The radicle and hypocotyl emerge from the small seed. The cotyledons
free themselves from the testa by spreading and are carried above the soil by the

elongating hypocotyl which becomes erect.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite; blades thin, suborbicular; apex obtuse and shallowly
emarginate, base obtuse; margins entire and finely ciliolate; venation pinnate with 2
pairs of secondary veins, glabrous; green above, light green below; ¢. 4 x 3 mmy;

petiole 1 mm long
Radicle: light brown, slightly sinuous; root hairs fibrous, brown

Hypocotyl: terete, puberulous, light green when young, turning brownish-light green,

¢. 4-7 mm long
Epicotyl: terete, densely hirsute, green, ¢. 1.5-2 mm long

Eophylls: simple, alternate; blades thin, elliptic; apex acute, base obliquely obtuse on
the lower two blades and symrhetricaliy obtuse on the upper ones; margins entire on-
the two lower one and serrate on the upper ones; venation pinnate, secondary nerves

5-6 pairs, midnerve prominent and _ra;ised below; finer venation reticulate; hirsute on
both sides; green above, pale green below; 8 x 7 mm, petioles hirsute, light green, c. 1

mm long

Stipules lanceolate, hirsute, ¢.1-1.5 mm long

Figure 13

Voucher: Vongkamjan S 13
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Figurel3. Ficus lamponga Miq.
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14. Ficus superba (Miq.) Miq. var. superba (Moraceae)

Development: The radicle and hypocotyl emerge from the small seed. The cotyledons
free themselves from the testa by spreading and are carried above the soil by the

elongating hypocotyl which becomes erect, milky sap.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, simple, opposite; blades thin, orbicular; apex broadly rounded to
shallowly emarginate, base rounded; margins entire; venation pinnate with 2 pairs of
secondary nerves. ¢. 5 x 4 mm; glabrous; green above, pale green below; petioles c.

0.5-0.7 mm long

Radicle: brown; root hairs fibrous, brown

Hypocotyl: terete, scabrous, light green, up to 11 mm long
Epicotyl : terete, scabrous, up to 4 mm long

Eophylls: simple, opposite to subopposite, decussate; blades thin, ovate, apex acute,
base truncate to shallowly cordate; margins serrate, distinct in the upper half; venation
pinnate, midnerve sunken above, raised below, with 3-5 pairs of secondary nerves;
glabrous; green above, light green below; ¢. 8.5-7 mm; petioles ¢. 1 mm long

Stipules broadly ovate; ¢. 0.3 mm long

Figure 14
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Figure 14. Ficus superba (Miq.) Miq. var. superba
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15. Glochidion acminatum M. — A. var. siamense A.S. (Euphorbiaceae)

Development: The radicle and hypocotyl emerge from the seed. The cotyledons free
themselves from the testa by spreading and are carried above the soil by the elongating

hypocotyl which becomes erect.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite, simple; oblong; apex broadly rounded, base acute;
margins entire, glabrous; glossy dark green above, light green below; 10 x 5 mm;

petioles 1 m long

Radicle: slender, slightly sinuous, whitish brown, turning brown with age; root hairs

densely branching, brown
Hypocotyl: terete, puberulous, light green, turning brownish-green, 3.9-4.9 cm long
Epicotyl: terete, slender, puberulous, light green c. 3-7 mm long

Eophylls: simple, spirally, arranged; blades thin, obovate; apex broadly acute, base
cuneate and decurrent on the petiole; margins entire; venation pinnate, with 3-5

| secondary nerves on each side of the midnerve, finer venation reticulate; glabrous;

green above, pale green below; ¢. 18-30 x 10-18 mm

Figure 15

Voucher: Vongkamjan S 15
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Figure 15. Glochidion acuminatum M.-A. var. siamense A.S.



287

16. Irvingia malayana Oliv. ex Benn. (Irvingiaceae)

Development: The thick fibrous endocarp (pyrene) splits along the margins of the
valves. The radicle emerges from the tip of the pyrenec. The cotyledonary petioles
elongate, bringing the plumule free from the envelopments after which the epicotyl

starts elongating.

Germination type: CHR (cryptocotylar hypogeal reserve storage), infrequently with a
hypocotyl, sometime (less) PHR (planerocotylar hypogeal reserve storage)

Cotyledons: 2, parailel, succulent, not known when shed, elliptic, sessile, fleshy, dark

reddish-brown outside, whitish inside; glabrous

Paracotyledons: 2, opposite, simple, elliptic; tip sharply acute, base acute; venation
pinnate, secondary nerve 7-8 on each side of the midnerve, arching below the margin,
finer venation reticulate, glabrous, 27 x 19 mm; petiole glabrous; purplish-red when
young, turning green; glabrous, ¢. 4 mm long; stipules, 2 interpetiolar connate, soon

dropping, narrowly triangular, top acute, margin entire, sticky, parallel-nerved

Radicle: whitish to pale brown, brown in older seedlings; root hairs densely

branching, whitish to pale brown
Hypocotyl: thick, whitish and turning light brown, glabrous, 1-2 mm. long

Epicotyl: terete, glabrous, 2.5 mm thick

Eophylls: thin oblong; tip acute, base rounded; glabrous venation pinnate, secondary
nerves 9-10 mm on each side of the midnerve, arching below the margin; finer
venation reticulate 45-55 x 21-27 mm; petiole ¢. 4 mm |

Figure 16

Voucher: Vongkamjan S 16
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Figure 16. Irvingia malayana Oliv. ex Benn.
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17. Lagerstroemia speciosa (L.) Pers. var. speciosa (Lythraceae)

Development: The radicle and hypocotyl emerge from the winged seed. The
cotyledons free themselves from the seed by spreading and are carried above the soil.

The hypocotyl becomes erect and the cotyledons spread.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons (cotyledonary leaves): 2, thin, opposite, simple; blades thin oblong-
elliptic, tip broadly rounded, shallowly emarginate, with a minute mucro in the sinus,
base acute; entire, glabrous; venation obscue, pinnate, secondary nerves 3 on each side

of the midnerve 7 x 8-9 mm, petioles green, 7 x 8-9mm 1-1.5 mm long

Radicle: slender, flexuous, brownish-cream, with many branhed, brownish-cream

root hairs.

Hypocotyl: 4-angled glabrous, green, turning brownish and brown-light green with

age
Epicotyl: sharply 4-angled, light green, terete, glabrous, to 8 mm long

Eophylls: simple, alternate; blades oblong; tip acute, base decurrent and merging with
the indistinct petiole, margin entire, venation obscue, pinnate, secondary nerves 6-7 on
each side of the midnerve, astomosing and looping below the margin, finer venation
reticulate, 7 x 8-9 mm, terminal bud, glabrous

Figure 17
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Figure 17. Lagerstroemia speciosa (L.) Pers. var. speciosa
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18. Macropanax dispermus (BL) O.K. (Araliaceae)

Development: The radicle and hypocotyl emerge from the seed. The cotyledons free
themselves from the testa by spreading and are carried above the soil by the elongating

hypocotyl which becomes erect, and the cotyledons expand.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite, simple§ blades suborbicular to broadly obovate; apex
rounded, base acute; margins entire; with 3 main nerves from the base, finer venation
reticulate; glabrous; green above, pale green below; 1.7-2 x 1.4-1.6 c¢m; petioles light

green, 3-3.5 mm long

Radicle: slender, flexuous, whitish-brown, turning brown with age; root hairs long,

slender, light brown
Hypocotyl: terete, glabrous, light green, upto 5.2-5.8 cm long
Epicotyl: green, glabrous, up to 2 mm long

Eophylls: simple, alternate; blades broadly ovate; apex acute, base obtuse; margins
doubly serrate; with 3 main nerves from the base, upper half of midnerve with 3-4
pairs of secondary nerves, finer venation reticulate; sparsely setulose along the
margins and main nerves above, glabrous below; dark green above, pale green below;
petioles concave dorsally, convex ventrally, glabrous, light green, 7-15 mm long
Figure 18
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Figure 18. Macropanax dispermus (Bl.) O.K.
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19. Morus macroura Miq. (Moraceae)

Development: The radicle and hypocotyl emerge from the small seed. The cotyledons
free themselves from the testa by spreading and are carried above the soil by the

elongating hypocotyl which becomes erect.

Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: opposite; blades ovate, apex acute, base obtuse; margin entire,
glabrous, pale light yellow-green dorsally, pale light green ventrally; venation obscure,

only the midnerve visible, pale light green, 3-4 x 6-7 mm; petiolate | mm

Radicle: indistinct, with many long slender, branched, whitish-brown root hairs

Hypocotyl: finely light yellow-green, light brown sericeous

Epicotyl: puberulous, light green

Eophylls: 2, opposite, simple; blades thin, ovate; apex acute, base obtuse; margin
sharply serrete; venation pinnate, light green, with 5-6 alternate arching secondary
veines on either side of the midnerve; bright mid-green dorsally, dull light green
ventrally; 7 x 13 mm, sericeous; petioles pale light green, finely white sericeous; 4-3
mm long;

stipules light green, 0.5 mm long

Figure 19
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Figure 19. Morus macroura Miq.



295

20. Reevesia pubescens Mast. var. siamensis (Craib) Anth. (Sterculiaceae)

Development: The radicle and hypocotyl emerge from one end of the winged seed.
The hypocotyls then becomes erect and the cotyledons spread, by which the testa and

wing are shed, the cotyledons then expand.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite, simple, spreading; blades thin, broadly ovate, apex
obtuse to rounded, base truncate to cordate; margins entire; venation pinnate,
secondary nerves 5-6 pairs, finer venation reticulate; very finely puberulous on both

sides; green above, pale green below; 2.5 x 2.4 cmy; petioles 4 mm long

Radicle: sturdy, slender, flexuous, brownish-cream, with many branched, brownish-

cream root hairs
Hypocotyl: terete, slender, finely puberulous, whitish-green, 5-5.8 cm long.
Epicotyl: terete, finely puberulous, to ¢. 2-3 mm long

Eophylls: simple, alternate; blades elliptic; apex acuminate, base obtuse; margins
serrate; venation pinnate, secondary nerves 3-5 pairs; finely puberulons; yellowish- '
green above, paler below; 1-2.3 x 0.5-1 cmy; petioles whitish-green, ¢. 2-3 m long
Figure 20
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Figure 20. Reevesia pubescens Mast. var. siamensis (Craib) Anth.
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21. Saurauia roxburghii Wall. (Saurauiaceae)

Development: The radicle and hypocotyl emerge from the small seed. By spreading
the cotyledons free themselves from the testa by spreading and are carried above the

soil by the elongating hypocotyl which becomes erect.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite, simple; blades thin, ovate to suborbicular; apex rounded
and slightly retuse, base obtuse; margins entire; venation pinnate, secondary nerves 2-
3 pairs, finer venation indistinct; finely puberulous both sides, light green on both

sides, 4 x 3-4 mm; petiole up to ¢. 0.5 mm long

Radicle: indistinct, with many long slender, branched, whitish-brown root hairs
Hypocotyl: terete, finely puborulous, pale light green, up to ¢. 5 mm long
Epicotyl: terete, densely setulose, pale light green, 5-8 mm long

Eophylls: simple, alternate; blades thin ovate; apex acute, base attenuate; margins
sharply serrate; venation pinnate, secondary nerves 3-6 pairs, finer venation
scalariform, finest venation reticulate, midnerve prominent, raised and long setulose
on both sides, especially along the main nerves; light green above pale light green
below; petioles light green, ¢. 1.5-2 mm long

Figure 21
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Figure 21. Saurauia roxburghii Wall.
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22. Schleichera oleosa (Lour.) Oken (Sapindaceae)

Development: The radicle and hypocotyl emerge from one end of the seed; the
cotyledons swell, cracking and sheding the testa, and are carried above the soil by the

hypocotyl which becoming erect.
Germination type: PER ({phanerocotylar epigeal reserve storage)

Cotyledons: thick, initially oblong, tip broadly rounded, base slightly namowed,
carinate, pinkish-light brownish, ¢. 12 x 6 mm; rapidly accresent and becoming

lanceolate, slightly spreading (c.45°), brownish-greenish, ¢. 30 x 9 mm
Cotyledonary petiole: 1.5-2 mm long

Radicle: terete, ¢. 3.5 mm diameter at the insertion, tapering to the tip, whitish-brown

and turning brown; root hairs patent

Hypocotyl: terete, densely very finely puberulous with simple hairs,. pinkish-light

green and turning light green-brownish; initially ¢. 4 mm thick, rapidly elongating
Epicotyl: similar to the hypocotyl, light green, ¢. 2 mm diameter at the insertion

Eophylls: first eophylls alternate, palmately trifoliate; leaflets thin, lanceolate, tips
acute, bases acute, laterzi_l ones asymmetrically so; entire; venation pinnate, distinct on
both sides, sunken above, raised underneath; midnerve with 14-16 spreading;
secondary nerves on each side, arching below the margin; finer venation reticulate;
both sides sparsely setulose on the midnerve, less so to glabrous on the secondary
nerves, otherwise glabrous; margins setulose; green above, lighter green below; 6.5-10
x 3.25-3.5 cm; petioles puberulous, 25-27 mm long; petiolules ¢. 1 (lateral leaflets) —
2 (terminal leaflet) mm long

Terminal and axilary buds densely puberulous
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Figure 22
Voucher: Vongkamjan S 22

Figure 22. Schleichera oleosa (Lour.) Oken
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23. Shorea obtusa Bl. (Dipterocarpaceae)

Development: The radicle and hypocotyl emerge from the apex of the nut between
the calyx wings, form a curve, and penetrate the soil, after establishment of the radicle

the cotyledons are pulled free from the fruit and spread.
Germination type: PER (phanerocotylar epigeal reserve storage)

Paracotyledons: 2, opposite, succulent, petiolate, blade thickly coriceous, bilobed,
each lobe plano-convex, elliptic, in outline, apex broadly rounded, base acute,
glabrous entire, ¢. 10 x 8 mm. petiole erect, glabrous, c. 18 mm long, 1 mm thick
finest venation reticulate, midnerve sparsely puberulous above, more densely so

below, terminal buds puberulous

Radicle: long, slender, fibrous, brownish, with numerous rather small, thin, creamy-

white root hairs.
Hypocotyl; terete, brownish, puberulous, 35 mm
Epicotyl: terete, puberulous, greenish to orange or red, 2.6-3.8 cm long

Eophylls: elliptie, tip and base acute, otherwise similar to the cotyledonary leaves

(paracotyledons) petioles similar to the cotyledonary leaves.

Seedling leaves: 2, opposite, simple, thin elliptic, tip obtuse, base broadly rounded,
margin entire, venation pinnate, secondary nerves 5-6 slightly a secondary pairs, {inest
venation reticulate, midnerve sparsely puberulous above, more densely so below,
turning green, petiole terete, densely puberulous, ¢. 4 mm long, Terminal bud,
puberulous stipules subulate, c. 2 mm long

Figure 23

Voucher: Vongkamjan S 23
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Figure 23. Shorea obtusa Bl.
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24. Sindora siamensis Teysm. ex Miq. var. siamensis (Leguminosae,

Caesalpinioideac)

Development: The radicle and hypocoty! emerge from one end the large seed. The
cotyledons swell, the testa ruptures irregularly, and is shed. The cotyledons are carried

high above the soil by the initially cernuous hypocotyl which rapidly becomes erect.
Germination type: PER (phanerocotylar epigeal reserve storage)

Paracotyledons: 2, opposite, sessile; blades obovate 3-5 mm thick; apex rounded,
base obtuse and slightly oblique; flat and slightly concave dorsally, convex ventrally

glabrous, reddish-green, 2-2.5x 2 cm

Radicle: long, slender, fibrous, pale brown when young turning to dark brown,

slightly sinuous much-branched, pale brown root hairs
Hypocotyl: terete, slightly succulcut, finely puberulous, reddish-pink, 6-7 cm long

Epicotyl: slender, slightly succulent, sparsely puberulous, greenish-brown, 3.8 cm

long

Eophylis: alternate; once pinnate, with 2 pairs of leaflets; leaflet blades thin, obovate;
apex retuse, base asymmetrically acute; margins entire; venation pinnate, midnerve
prominent and raised below, with 11-14 pairs of secondary nerves; finer venation
reticulate; glabrous, brownish-green when young, turning dark green above, green
below, 7.5-8.5 x 4-5.5 cm; petiolules 2.5-3 mm long; petioles 2-2.2 cm long,
ultrajugal axis 2.8-3 cm long; stipules filiform, ¢. 5-6 mm long

Figure 24

Voucher: Vongkamjan S 24
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Figure 24. Sindora siamensis Teysm. ex Miq. var. siamensis
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25. Terminalia bellirica (Gaertn.) Roxb. (Combretaceae)

Development: The radicle emerges from one end of the pyrene, the endocarp splitting
at this place. The cotyledonary petioles elongates, bringing the plumule free from the

envelopments after which the epicotyl starts elongating.

Germination type: CHR (cryptocotylar hypogeal reserve storage)
Cotyledonary petioles: erect, terete, glabrous, c. 10 mm long, 3 mm thick
Paracotyledons: merely splitting, erect, not spreading

Radicle: ¢.3 mm thick at insertion

Hypocotyl: none

Epicotyl: terete, glabrous, with several spaced, spirally arranged eophylls

Eophylls: blades thin, simple, ovate-oblong; tip acute, base cuneate; venation pinnate,
distinct; main venation sunken above, raised underneath; midnerve with 6-7 alternate,
ascending secondary nerves on each side; tips looping and anastomosing well below
the margin; finer venation reticulate; glabrous above, with fine, scattered, glabrescent
puberulence on the main nerves underneath; entire; lowest (smallest) blade 4.5 x 2
cm, tthe upper one largest ¢. 10 x 4 cm; petioles finely puberulous, ¢. 4 mm long
Terminal buds: subulate, finely puberulous, ¢. 9 mm long

Figure 25

Voucher: Vongkamjan S 25
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Figure 25. Terminalia bellirica (Gaertn.) Roxb.
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26. Terminalia chebula Retz. var. chebula (Combretaceae)

Development: The fibrous endocarp splits along the margin of the valves. The radicle
and hypocotyl emerge from one end of the seed. The hypocotyl becomes erect, by

which the cotyledons are raised above the soil and become exposed.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite; blades broadly obovate; apex truncate, base obtuse;
margins entire, secondary venation with 5-7 main nerves from the base, finer venation
reticulate, glabrous; dark green above, light green below; 3.4-3.7 x 2.2-3 c¢m; petiole

pilose, 1 cm long

Radicle: sturdy, fleshy, brownish, with many long slender, creamy-white root hairs
Hypocotyl: terete, densely pilose, pale creé.m, 10-12 mm long

Epicotyl: terete, densely pilose, cream-light green, up to 3.3 cm long

Eophylls: opposite, simple; blades ovate to elliptic; apex acute, base cuneate; margins
entire; venation pinnate, midnerve prominent and raised below; secondary nerves 4-5
pairs, finer venation reticulate, densely pilose on both sidés; dark green above, light
green below; 17-18 x 8-10 mm; petioles densly pilose, 4 mm long

Figure 26

Voucher: Vongkamjan S 26
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Figure 26. Terminalia chebula Retz. var. chebula
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27. Terminalia mucronata Craib & Hutch. (Combretaceae)

Development: The fibrous endocarp splits along the margin of the valves. The radicle
and hypocotyl emerge from one end of the winged fruit. The hypocotyl becomes erect,

by which the cotyledons are raised above the soil and become exposed
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite; blades thick, suborbicular to broadly obovate; apex
truncate, base obtuse; margins entire; main venation with 5-7 main nerves from the
base, secondary nerves pinnate, finer venation reticulate; glabrous on both sides; dark
green above, light green below; 2-2.2 x 1.5-2 cm; petioles densely hooked pilose as on

the hypocotyl, 3-4 mm long
Radicle: sturdy, fleshy, brownish, with many long slender, creamy-white root hairs
Hypocotyl: terete, densely hooked pilose, pale cream, 1.5-1.6 cm long.

Epicotyl: terete with similar hairs as on the hypocotyls and petiole, brownish-green, c.

1.7 ¢cm long

Eophylls: sifnple, alternate; blades elliptic; apex acute, base cuneate and slightly
oblique; margins entire; venation pinnate. midnerve sunken above, raised below,
secondary nerve 4 pairs, finer venation reticulate; pilose on both sides, especially
along the main nerves and margins; yellowish-green above, paler below; 2.3 x 1.4 cm;
petioles densely pilose, 4 mm long

Figure 27

Voucher: Vongkamjan S 27
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Figure 27. Terminalia mucronata Craib & Hutch.
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28, Tetradium glabrifolium (Champ. ex Bth.) T. Hart. (Rutaceae)

Development: The radicle and hypocotyl pierce the testa at one end of the seed, the

hypocotyl becomes erect and the cotyledons are pulled free and expand.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, simple, opposite, blades suborbicular; apex rounded, base broadly
acute; margins finely crenulate with tiny black punctate aromatic glandular dots in the
crenation sinuses; venation palmate with 4 main nerves; glabrous; dark green above,

pale green below, 9-11.5 x 7-10 mm; petiole ciliolate, 2-4 mm long

Radicle: slender, whitish turning brownish with age, with a few short, slender,

whitish-brown root hairs

Hypocotyl: terete, slender, ciliolate with numerous punctate gland dots, whitish-green

to gfeen, turning purplish-green
Epicotyl: slender, terete, ciliolate, whitish-green, turning light green, 1.5 mm long

Eophylls: once odd pinnate, lowest pair opposite, upper ones alternate; leaflets 3,
lower 2 opposite and the terminal one; lower pair of leaflet blades similar to the
terminal one, but smaller and the bases oblique, 14-16 x 4-5 mm, petiolules ¢. 1 mm
long; terminal leaflet blade thin, lanceolate; apex acuminate, base cuneate and
decurrent on the petiolule; margins crenulate, sparsely ciliolate and with punctate
glandular dots in the crenation sinuses; venation pinnate with 8-10 pairs of secondary
nerves, finer venation reticulate; ciliolate and with scattered glandular dots on both
sides; glossy green above, dull light green below, ¢. 20-23 x 6-8 mm,; petiolules ¢. 2-3
mm long, petiole ciliolate, § mm long

Figure 28

Voucher: Vongkamjan S 28
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Figure 28. Tetradium glabrifolium (Champ. ex Bth.) T. Hart.
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29. Trema orientalis (L.) Bl. (Ulmaceae)

Development: The radicle and hypocotyl emerge from the small seed. By spreading
the cotyledons free themselves from the testa by spreading and are carried above the

soil by the elongating hypocotyl which becomes erect then the cotyledons expand.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledons: 2, opposite, blades thin; ovate; apex obtuse and minutely retuse;
base acute; margins entire; venation obscurely pinnate; densely sericeous on both
sides; green above, pale green below; 7-16 x 4-6 mm; petioles densely gray sericeous

1-1.5 mm long

Radicle: short, slender, flexuous, whitish-brown, with many long, slender, shortly

branched, whitish-brown root hairs

Hypocotyl: terete, densely gray sericeous, whitish-light green, turning grayish-green,

1.5-2 cm long

Epicotyl: terete, densely sericeous as on the hypocotyls and paracotyledons, green, c.

[-1.5 mm long

Eophylls: simple, alternate; blades thin, ovate; apex acuminate to cuspidate, base
asymmetrically obtuse; margins serrate; venation pinnate, midnerve sunken above,

raised below, secondary veins 3-5 pairs, finer venation reticulate; densely grayish

sericeous on both sides; green above, pale green below; 8 x 18 mm; petioles sericeous,

2 mm long

Figure 29

Voucher: Vongkamjan S 29
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Figure 29. Trema orientalis (L.) Bl.
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30. Vaccinium sprengelii (D. Don) Sleum. (Ericaceae)

Development: The radicle and hypocotyl emerge from the small seed. The cotyledons
free themselves from the testa by spreading and are carried above the soil by the

elongating hypocotyl, which becomes erect.
Germination type: PEF (phanerocotylar epigeal foliaceous)

Paracotyledoms: 2, opposite, green; blades thin, elliptic; apex obtuse, base acute;
margins entire; venation obscurely pinnate; glabrous; mid green above, light green

below; ¢. 8 x 4.5 mm; petioles ¢. 0.5 mm long

Radicle: indistinct, slender, creamy-white turning light brown with age, with a few

slender creamy-white root hairs

Hypocotyl: terete, slender, finely puberulous, light green, turning reddish, 8-12 mm

long
Epicotyl: terete, finely puberulous, green, turning pale reddish, 1-1.5 mm long

Eophylls: simple, spirally arranged; blades subcoriaceous, ovate; apex acute, and base
obtuse; margins finely serrate; venation pinnate, midnerve prominent and raised
below; secondary nerves 3-5 pairs, finer venation reticulate, sunken above, main
nerves on both sides and margin finely ciliolate; dull dark green above, light green
below; 6 x 4 mn-'l; petioles puberulous, 1.5 mm long

Figure 30
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Figure 30. Vaccinium sprengelii (D. Don) Sleum.
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