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ABSTRACT

Forest biodiversity in Thailand is fast disappearing becéuse of deforestation.
Restoring foresis by planting native tree species can help promote biodiversity. The current
nursery practices using plastic bags and forest soil, often result in poorly developed root
systems. Producing high-quality planting stock can be achieved by using root-trainers. This
roscarch was conducted at the Forest Restoration Research Unit Nursery (FORRU), Doi
Suthep-Pui National Park, Chiang Mai. Seeds of 4 species ; i) Spondias axillaris, ii)
Micromelum hirsutum , i) Archidendron clypearia spp. clypearia var. clypearia and
iv) Eugeria fruticosa (DC.) Roxb. were collected from Doi Suthep-Pui National Park
and sown with 6 treatments (3 container types with 2 kinds of media). Containers included
traditional plastic bags (with seeds germinated first in square cells and then transplanted
mto the bags) and 2 kinds of root-trainers: REX trays and tube cells. Media treatments
were forest soil and mixed media (soil plus additional organic matter). The treatments were
replicated in 3 randomized complete blocks. Physical and morphological characteristics;

height and root collar diamcter, root morphology; dry root weight, root-shoot ratio in




Vil

weight and degree of root spiraling were recorded over 6 months from June to December
1997. Seedlings, grown in REX trays were of significantly higher quality than those grown
in the other containers. In addition, mixed media promoted better shoot growth and
morphology than forest soil, but forest soil promoted better root morphology than mixed
media. Furthermore the cost-benefit analysis showed that REX trays are the most

beneficial for use on a wide scale for forest restoration in Thailand.
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INTRODUCTION

Forest biodiversity in Thailand is fast disappearing mostly due to deforestation.
Estimated forest cover, both plantation and natural, is 111,010 km® or 22.8 % of the
country (FAQ, 1997), down from 60 % in 1953 (Poffenberger and McGean, 1993).
Unofficial estimates put Thailand's natural forest cover at less than 20 % (Leungaramsti
& Rajesh, 1992). The rapid deforestation of mountainous areas in northern Thailand
has caused rapid loss of biodiversity and degradation of water catchments. Satellite
images revealed that the deforested area in ihe northern province of Chiang Mai more
than doubled in a decade from 3,235 km” in 1975 to 6,513 km’ in 1985 (GRID, 1988).
The national forest policy is that 40 % of the country should be forested. Until recently
most reforestation projects in Thailand involved planting fast growing monoculture
plantations, such as pines and eucalyptus, since this was the quickest method of re-
establishing tree cover. However, afier realization that such plantations are of low value
for wildlife conservation and watershed protection, attitudes towards reforestation
changed. Planting native tree sﬁecies is now recommended for reforestation projects. In
1993, to celebrate His Majesty King Bhumibol Adulyadej's Golden Jubilee, the
government, NGO's, and private sectors, became involved in reforestation projects to
plant 50 millions trees on 8,273 km® of deforested land. The project specified use of a
wide varety of native forest tree species. However, the policy could not be
implemented effectively since there was lack of knowledge about how to é,row and

plant seedlings of native tree species (Elliott ef al.,1996).



The Forest Restoration Research Unit (FORRU), a co-operative project
between Chiang Mai University and Doi Suthep-Pui National Park, was established in
November 1994 to investigate such techniques. It is situated at the headquarters of Doi
Suthep-Pui National Park, Chiang Mai Province, northern Thailand (18° 50° N, 98° 50
‘E) at about 1,000 m elevation. There are two kinds of forest there,viz. deciduous and
evergreen, in a monsoon climate (Maxwell, 1988). The work of the first 3-years phase
of the FORRU project (1994-97) was cataloging and describing the fruits, seeds, and
seedlings of tree species found in the park. Seed germination trials and preliminary
seedling planting trials in deforested areas have also been carried out. The second phase
of the project is concentrating on 20-30 so called “framework species” to complement
natural regencration in deforested arcas. The aim will be to develop cfficient
propagation systems, planting methods, and post-planting management systems to

enable use of native tree species for reforestation of national parks (Elliott, 1997).

Rationale

Restoring forests by planting native tree species can help promote biodiversity
(Wightman,1997). FORRU uses only native tree species for reforestation in the
national park. Given that successful reforestation depends on the use of vigorous
seedlings, attention must be paid to the quality of seedlings, seed sources, and nursery
production techniques that affect secedling growth and morphology. Current nursery
practices using plastic bags and forest soil with little organic matter often resulfs in

poorly developed root systems (Josiah ez ai, 1992). Producing high-quality planting



stock can be achieved By using root-trainers, containers with vertical grooves to direct
root growth vertically downwards and large holes in the bottom to allow air pruning.
Seedlings that are grown in root-trainers have stronger and healthier root sysiems than
those grown in plastic bags. Seedlings with strong root systems survive better afier
outplanting (Wightman 1998). In addition, tree seedlings need good soil especially a
potting medium which is composed of a high percentage of organic matter, light in

weight, very well drained and acrated, so that roots can grow well (Josiah, 1992).
Hypotheses

This research tested the effects of container types and potting media on growth
of seedlings of native iree species in a nuﬁmy. It tested the hypotheses that seedlings
grown in root-trainers will be of higher quality than those grown in the traditional way
in black plastic bags and that seedlings grown in a mixed medium rich in organic matter
will be of higher quality than those grown in forest soil. Seedling quality is determined

by growth rate and seedling form, especially root mass and morphology.

Wightman (1997) has shown that the use of root-trainers is very effective for
tree species in Costa Rica. However, different tree species are likely to respond in
various ways. Because root-trainers are more expensive than plastic bags, it is necessary
to test their effectivencss in Thailand with native trec species before deciding on

whether or not to recommend their use on a wider scale.



Objectives

The objectives of this study were to investigate the influence of container type
and growing medium on the survival, growth rate, and morphology of seedlings of
native tree species raised in a nursery for the purpose of restoring natural forest
ecosystems in protected areas. This study concentrated especially on the development
of root systems, and the costs of the various methods tested and attempted to balance
economic and ecological considerations in formulating recommendations for the

improvement of forest restoration programs.
Future implications of the study

'fhe results of this study will help implement and develop other knowledge
about nursery techniques, especially of root morphology and root formation. In
addition, the outcome of the study will provide appropriate nursery techniques to
FORRU which will help in their goals. Furthermore, the results will also be available to
future projects which should continue to monitor the seedfings grown in root-trainer
containers when planted in degraded areas to determine the ficld performance of the

seedlings which are raised by this technique.



Limitations of the study

The main goal of this study was i0 determine the effectiveness of root-trainers
and mixed growing media to raise seedlings and provide target seedlings with
physiological and morphological characteristics that can be quantitatively linked with
reforestation success { Rose et al., 1990). This study investigated only 4 species and
only 2 types of root-trainers. The information cbtained might not be applicable to every
species. Furthermore, planting trials of these seedlings after hardening should be done.

However I could niot do this because of time constraints.

Site Description

This study was conducted at the Forest Restoration Research Unit Nursery
(FORRU) at the headquarters of Doi Suthep-Pui National Park, Thailand (18° 50’ N,
98° 50" E) at about 1,000 m ¢levation in primary evergreen, seasonal, hardwood forest
on granite bedrock. The annual rainfall is usually about 1,000 mm at the base qf the
mountain and about 2,000 mm near the summit (1,685 m elevation). During the cool -
dry season (November to February), the average temperature is 20-24°C, while it rises

up to 30°C in April (Elhott, 1997).



LITERATURE REVIEW

General Reviews on Faorest Restoration

Planting native tree species helps to accelerate forest restoration and promote
biodiversity. To enhance local reforestation efforts, improved nursery production
Vtechniques must be developed and practiced. Tree planting programs will only be
successful if there is a high seedling survival rate and if the trees grows vigorously. The
physiological quality of seedlings can be improved by proper nursery techniques which
can help them to handie stress after outplanting, In the past, many different container
systems have been developed to produce. seedlings for reforestation programs. With
each new system, techniques changed and seedling quality improved. However, eachl of
these containers has its own strong and weak points, depending on the objectives and
conditions for reforestation (Milamo et af, 1985). Current nursery practices using
plastic bags and forest soils often results in planting stock with deformed roots,
especially spiraled roots. Planting stock quality could be improved by using other types

of containers and different potting media {Wightman, 1997).
Target Seedling Concept
The target seedling concept is the attainment specific physiological and

morphological seedling characteristics which can be quantitatively linked with

reforestation success { Rose ef al., 1990).



The basic goal of having quality seedlings is to achieve the best growth possible
and have the highest amount of desired output. Seedling quality depends on two factors
viz. genetics of the parent stock and physical traits. The goal of the target seedling
program is to seek the optimization of all of characteristics for the greatest gain after
oumhnﬁng. Target characieristics are based on morphological parameters, e.g. height,
which is not always a reliable indicator of success without taking into account sterm
diameter and root volume. Other morphological gharactcristics are leaf area or leaf
number, root weight, bud size or appearance, and discase infection. Furthermore
physiological parameters are also involved, e.g. plant water potential, nutrients,
photosynthesis, etc. Nevertheless, not all physiologicat characteristics can be used as
target characteristics, but a conceptual understanding of mechanism is useful in the

production of target seedlings.

Implementation of a target seedling program can be done by two steps: i)
inventory and characterization; coilecting physiological and morphological information
on height, stem diameter, shoot weight or volume, root weight or volume, and other
necessary parameters that the studies focus on, and then calculating the relationships of
the parametess, ¢.g. root-shoot ratio and height-diameter ratio. These data are analysed
by ststiscal tests to produce means, standard deviations and coefficients of vanation,
which can show the class of seedlings in each parameter. ii) Field testing, which
continues doing the measurements in each parameter noted above, while signs of stress

and mortality should be measured.



Root Characteristics

Root characteristics can be used to pinpoint target seedlings; high root growth
capacity, fibrous root systems and long root systems can minimize mortality and growth
shock due to moisture stress, nutrient deficiencics, and dessication after outplanting,
Furtheremore, tolerance to root exposure can minimize the adverse effects of poor
stock handling at the planting site. In addition, the box-pruned root system can
minimize abnormalities in root form and reduce risks of root disease (Burdett et al.
- 1983). Roots can be characterized by their position and extent of deformation,

according to Menzie’s Tap root Score (Chavasse, 1978)

Score Tap Root Condition

0o Strong, dominant, well developed tap root

2 Stunted, stighty malformed, but still a definite tap root

4 Tap root distinctly hooked

6 Tap root quite badly hooked, but downward development
still present

8 Tap root severely deformed into two or more fracture zones,
but growth still downward

10 Tap root does not come below a horizontal plane. Subtract

one point for each strong sinker present.



Container Systems

Plastic bags have been used to produce trees in Thailand for many fears. They
are chosen because they are cheap, appropriate for small nurseries in remote sites, and
can be manufactured in-country. Yet plastic bags as nursery containers have a number
of very serious technical and logistical disadvantages. They require large amounts of
soil, are difficult to handle due to their size and weight, are pootly aerated, discourage
lateral root development and caused root spiraling (Figure 1), and occupy much nursery
space. Technical activities in the nursery are labor intensive, leading to high labor costs.
Plastic bags are not considered reusable, and require constant replacement. Many
nurseries using plastic bags throughout the tropics need regular root-pruning of their

seedlings,since the root will be damaged when the seedlings are extracied for planting,

Figure 1. Spiraling roots formed while growing in a plastic bag (Josiah et. al., 1992).
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Container systems currently being used have been designed to address several
critically important biological factors affecting seedling morphology and growth. Root-
trainers lack sharp horizontal comers that distort root growth. Vertical ribs inside these
containers direct root growth downwards, thus avoiding root spiraling, hence the name
“root-trainer” and provide for air pruning of rools te encourage lateral root

development (Yosiah ez 47,1992).

By using root-trainers, roots follow vertical grooves, emerge from the dfainage
hole, and dry off (air pruning). Soon the seedlings have many roots, mostly in the
grooves on the outside of the plug. Tap rooted plants that grow in root-trainers do not

suffer shock when transplanted (Spencer, 1993).

Root-trainers have many advantages for nursery production systems and also
for reforestation. Lateral root growth and orientation are excellent and they also

encourage good root morphology.

Many reports exist worldwide which indicate betier outplanting growth and
survival when seedlings are produced by root-trainer systems (Josiah er al, 1992).
Studies have shown that root-trainer grown seedlings have more vigorous and rapid
root growth than seedlings grown in plastic bags. Outplanting survival is greatly
increased and, more importantly, long-term survival is ensured (World Bank, 1993).
Root-trainer systems in simplify nursery operations suchl as disease and insect control,

handling, monitoring, and sampling. Also, the reusability of root-trainers can offset their
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initial higher costs when compared to plastic bags. Furthermore, root-trainers are
smaller in volume than plastic bags, require less media, require a short time to fill, and
are casy to fill. The seediings grown in smaller, lighter root-trainers are less labor
intensive in the nursery, occupy less space, have high survival rates upon outplanting

and are much easier and cheaper to transport to the planting sites.

Root-trainers are considered to be expensive because usually they must be
imported. Many of the containers currently available are only made in North America
or Europe (Josiah et al, 1992). Nevertheless, with good planting stock from root-
trainers, costs are saved when replanting in the planting site becomes unnecessary.
When comparing production costs between root-trainers and plastic bags, all expenses
should be considered in calculating costs per seedling. While costs are important, the
long term financial advantages of high quality seedlings are of great impostance and

must be considered.

There are many different types of root-trainers on the market today and all of
them have been designed to improve root growth and morphology. For example,
individual cells in trays, with each seedling grown in its own cell are arranged in a rack
or tray. Tubecells are preferred by researchers because of the ability to randomize
scedlings in experiments. ‘This system includes the ability to expand seedling growing
gpace by separating the seedlings while it is casy to take runhealthy seedlings out and

rearrange the remaining seedlings to take up the space.
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Block containers are a single unit composed of many celis arranged within
blocks, usually made of thick polyethylene. These containers are available in a variety

of sizes and configurations. They are durable, lightweight, and ¢asy to handle.
Potting media

A nursery potting medium has several functions, which are essential for good
planting stock. The roots must be free to grow, but if soil is sticky and fine textured, the

roots cannot push through and drainage is poor.

Seedling roots need a balanced amount of air and water to grow well. In order
for seedlings to grow well, the potting medium must meet five criteria i) it must be
lightweight : ii) well-drained; iii) free of insects, diseases and weed seeds; iv) it should
have a low clay content; v) it should be comprised of well-decomposed materials

(Josiah, 1992).

The use of coconut husks as a potting medium in the production of forest tree
seedlings has many advantages. The material is lightweight, porous and has excelient
adhesive and cohesive properties. In addition, its high water-holding capacity reduces
watering cost and labor. Seedlings grow faster and more vigorously than in other
potting media. Other major ad\'rantagcs of using coconut ﬁusk as a potting medium is
that seedlings can be lifted bare-rooted from the containers and transportation costs are

less than when other potting media are used (Kijkar, 1991).
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MATERIALS and EQUIPMENT

Spgcies Studied:
Spondias axiilaris Roxb. (Anacardiaceae)
Micromelum hirsutum Oliv. (Rutaceae)
Archidendron clypearia (Jack) Niels. spp. clypearia var. clypearia (Mimosoideae)

Eugenia fruticosa (DC.) Roxb. (Myrtaceae)

Equipment

REX trays ( Figure 2, see Appendix 1)

Tubecell root-trainers { Figure 3, see Appendix 1)
Squarccell (germination tray - Figure 4, |
Black plastic bags (500 ml.) (Figure 5)

Vernia calipper (mm)

Ruler (cm)

Oven ( 80 °C)

Balance (Mettler Toledo 205 g. - Type AE 200S SNR 1113281814 FNR 38690 04)

Materials
Forest soil from Doi pui
Peanut vaive

Coconut husk
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Figure 2. REX tray root-trainer

Yol .'..|||ul.-&.ﬁfl.‘h'.-l Wt

Figure 3. Tubecell root-trainer
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Figure 4. Squarecell germination tray

Figure 5. Plastic bag with forest soil (left) and mixed media (right)
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METHODOLOGY

Experimental Design

A Randomized Complete Block Design was selected. The experiment tested six
treatments replicated in three blocks. Each block represents every treatment randomly
arranged, by dividing into three types of containers; REX tray, tubecell, and squarecell

each with two kinds of media; forest soil and mixed media (Figures 6-8).

Figure 6. Randomized Complete Block Design

Block 1

REX tray root-trainers - Tubecell root-trainers - Squarecell germination

tray/Plastic bag
- Block 2

Tubecell root-trainers - Squarecell germination tray/Plastic bag - REX tray root-

trainers
Block 3

Squarecell germination tray/Plastic bag - REX tray root-trainers - Tubecell root-

trainers
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Figure 8. The randomized block design on three benches
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Seed collection

In order to select appropriate specie_s, the database of Chiang Mai University
herbarium was consulted (CMU, 1997). The species were chosen based on these
criteria: 1) seeds were available at that scason { May-June), ii) high germination rate, iii)
low % mortality and iv) fast growing. Seeds of four species were collected in Doi
Suthep-Pui National Park and sown in six ireatments, i.e. three container types;
tubecell root-trainer (individual cell), REX tray (block container), and squarccell
(germination tray) with seedlings rapidly transferred to black | plastic bags after
germination and each with two different potting media,viz. forest soil and mixed media
{ forest soil : coconut husks : peanut valves = 1: 1: 1 ). The treatments were replicated

in 3 randomized complete blocks. Each replicaied treatment contained 24 plants.

Voucher specimens of the parent trees and specimens of seedlings at various
stages of development (Zangkum s066b3, s089b2, s112b2 and §326b2) were made

and deposited in Chiang Mai University Herbarium (CMU,1998).
Data collection
Soil parameters, such as N, P, K, soil texture, organic matter, and pH were

anatyzed in the Department of Soil Science, Faculty of Agriculture, Chiang Mai

University
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Physical and Morphological Information

Four scedlings of each treatment from each block were selected randomly and
measured for physical and morphological seedling characteristics, viz. height, root collar
diameter, nmﬁbcr of leaves, and health score every month to determine the seedling

growih and morphology.

Root Morphology

Four seedlings of each treatment and block were randomly selected after 4 and
6 months were sacrificed for sampling of dry mass and to examine root deformation,
i.e. degree of root spiraling adapted from Mensie’s score (see page 8 and Appendix 2),

and root-shoot ratio in weight.

Data analysis

The main comparisons of inferest were between seedlings grown in root-trainers
and those grown in plastic bags. Other comparisons were between seedlings grown in
forest soil and those grown in mixed media, which indicated the effects of the potting

media.
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Statistical analysis

The Randomized Complete Block Design is suitable to test for treatment
differences, with great preciston. In cases that the experiment involves a large number
of treatments, it might not be possible to accomodate them all in a single homogeneous
area. Treatments are, therefore, equally assigned to several uniform blocks and tests are
performed to separate differences among blocks from differences among treatments.
The treatments are allocated at random to the plots in the block. The randomized
complete block design must have the same number of treatments in every block (Bailey,

1995).

Analysis of variance with a priori established contrasts were performed using

the SPSS computer program to detect significant treatment differences.
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t
RESULTS

Soil Analysis

Table 1. Soil Analyses based on single sample

Sample pH___%OM. %N %P %K ___%Ca _ %Mg

Forest soil 5.45 1096 0.562 4756 60.00 550.0 30.00

Mixed media 5.83 12.35 1.082 50.00 587.5 625.0 70,00

Source of Sample: Forest soil :  Deoi Suthep-Pui National Park, Chiang Mali,
Thailand
Mixed Media : Forest soil : Coconut husks : Peanut vaives
in ratio of 1:1:1

Analysing Date: 25 June 1997

Source: Main Laboratory, Department of Soil Science, Faculty of Agriculture,

Chiang Mai University. Chiang Mai, Thailand

Table 1. shows that mixed media has more organic matter and nutrients than
forest soil. This analysis supports the hypothesis that mixed media is more suitable for

growing seedlings because more nutrients are available.
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The foilowing abbreviations of treatments are used throughout this thesis:

Rf : REX Tray ( Root- tramer) with forest soil
Rm: REX Tray { Root- frainer) with mixed media
Tf : Tubecell { Root-trainer) with forest soil
Tm : Tubecell ( Root-trainer) with mixed media
St : Squarecell /plastic bag with forest soil

Sm: Squarecell /plastic bag with mixed media

Witl_i these different alphabets are significantly different by ANOVA

(P<0.05), and sampled seedlings /treatment/block =4

Al group 1
B: group 2
C: group 3

D: group 4

Group means each number in the the same group has no least significance
among the other numbers, that means no significant difference in the same group or

same alphabets showing,
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Germination and % Mortality

The numbers of germinated seedlings were recorded from sowing time for 3
months to determine the germination rate and % mortality [(Number of Deaths /

Number of Germination) * 100].

Germination

Table 2. Germunation rate m studied species

Treatment S. axillaris M. hirsutum A clypearia  E. fruticosa
Mean SD Mean SD  Mean SD Mean SD.

REX tray+Forest soil 13.7 9.5 27AB 46 19.7 L3 203 06
REX tray+Media 7.7 49 27.3AB 6.7 227 15 223 42
Tubecell+Forest soil 207 31 333B 42 153 47 203 47
Tubecell+-Media 190 6.1 2278 21 183 42 230 20
Square/P+Forest soil 12.3 10.7 1834 70 18.0 26 203 32
Square/P+Media 136 70 3438 57 237 3.1 250 26

In general, treatments had little effect on % germination, only one of the species
tested. Only Micromelum hirsutum had significant differences in germination rate
among treatments. Mixed media in squarecell/plastic bag had the highest number of

germinated scedlings (Table 2)
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Spondias axillaris seeds germinated from the 1st to the 9th week (Figure 9).
The Analysis of Varience (ANOVA) showed no significant difference (P<0.05)

between treatments (Appendix 4, Tablel).

Micromelum hirsutum seeds germinated from the 1st to the 7th week (Figure
10). The ANOVA showed a significant difference (P<0.05) among treatments.
Squareceils with forest soil had the lowest number of germinated seedlings while
squarecells with mixed media and tubecells with both of media had the highest

germination rate (Appendix 4, Table 2).

Archidendron clypearia seeds germinated from the st to the 12th week (Figure
11). Although mixed media consistently produced the highest germination rates,
compared to forest soil in all container types, ANOVA showed that such differences

were not significant (P<(.05) among treatments (Appendix 4, Table 3).

Eugenia frulticosa seeds germinated from the 1st to the 12th week (Figure 12).
Again, mixed media resulted in higher germination rates in all container types but the

differences were not significant (P<0.05) (Appendix 4, Table 4).
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Figure 9. Germination of Spondias axillaris. a) Rex tray, b) tubecell,

¢) squarecell/plastic bag
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MNo. of seedlings

No. of Seedlings

Figure 10. Germination of Micromelum hirsutum. a) Rex tray, b) tubecell,

¢) squarecell/plastic bag
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Figure 11. Germination of Archidendron clypearia. a) Rex tray, b) tubecell,

¢) squarecell/plastic bag




28

] T 14 21 28 35 43 57 64 Bl BB

|
|
|
1

No. of Seadlings

|
} + t t t t - . |
0 7 14 21 28 38 43 57 64 81 88

— —_—

Figure 12. Germination of Fugenia fruticosa. a) Rex tray, b) tubecell,

c) squarecell/plastic bag
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Table 3. % mortality in studied species

Treatment S. axillaris M. hirsutum A clypearia  E. fruticosa
Mean SD Mean SD Mean SD _ Mean SD
REX tray+Forest soil 12.9 1i.4 9.74 14.2 26.0 24.0 0 0
REX tray+Media 21.6 147 6.57 519 203 147 1.75A 3.04
Tubecell+Forest soil 10.0 6.01 19.2 3.11 1.75 3.04 0 0
Tubecell+-Media 21.0 324 126 4.60 14.7 258 1.45A 251
Square/P+Forest soil 11.0 148 575 9.02 238 333 0 0
Square/P+Media 115 69 193 8.08 168 430 1318 489

Similarly, treatments had little effect on seedling mortality during the first 90

days of the experiment (Table 3). Mortality of Spondias axillaris varied from 10% to

22% (Appendix 4, Table 5), while Micromelum hirsutum varied from 6% to 20%

(Appendix 4, Table 6) and Archidendron clypearia had a little higher % Mortality from

1.8% to 29% (Appendix 4, Table 7).

Only Eugenia fruticosa showed significant differences (P<0.01) among

treatments (Appendix 4, Table 8). Forest soil resulted in zero mortality whilst mixed

media in squarecells caused significant mortality (13%) (Appendix 4, Table 9)
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Comparisons of root morphology between 4 and 6 month-old

seedlings of Archidendron clypearia spp. clypearia var. clypearia.

Archidendron clypearia was selected for a more detailed examination of root
development. Three root morphological characteristics of Archidendron clypearia were
studied using 4 seedlings sampled from each treatment, with data pooled from all blocks
to determine: root dry weight, root-shoot ratio by dry weight, and degree of root

spiraling,

Figures 13 shows shoot and root morphology of this specics at about 4 months
old (122 days) within three container types, each with 2 potting media, (in all cases
seedlings grown in forest soil are displayed on the left and those from mixed media on
the right). Seedlings grown in REX trays were bigger than those from other container
types (20 cm, 10 cm and 15cm respectively). Roots in root-trainers, both REX trays
and tubecells, were straight and more fibrous, whereas roots of seedlings grown i
squarecell/plastic bags tended to be spiraled and crooked. In addition, roots in media

were more branching than those m forest soil.

Root dry weight

Root dry weight seemed to depend primarily on the volume of the container. It

was highest after 6 months in plastic bags (the largest container) and lowest in tubecells

(the smallest container). Root dry weight increased rapidly after 4 months in REX trays
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and Squarecells when compare to tubecells. Root dry weight incresed about 0.5-6 g in

forest soit and about 2-4 g in mixed media (Figure 14).
Root - Shoot Ratio in weight

In almost every container type (especially in REX tray with forest soil) the root
- shoot ratio of Archidendron clypearia increased from 4 to 6 months. Only

squarecell/plastic bags showed a reduction in root-shoot ratio in the same time period.

(Figure 15).
Degree of root spiraling

Figure 16 shows that both root trainer types markedly reduced root spiraling
compared with plastic bag. There was no root spiraling within 4 months in REX trays
with both forest soil and mixed media, and tubecells with forest soil. Furthermore REX
tray and tubecell root-trainers with forest soil showed no root spiraling even after 6

months.
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Archidendron clypearia Root morphology
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Figure 14. Archidendron clypearia
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Figure 15. Archidendron clypearia
| Root - Shoot Ratio in Weight At 4
months and 6 Months Old
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Seedling Morphology

Plant growth by height

Because there were not enough seedlings of Spon;iias axillaris to study,
seedling and root mosphology were studied in the other 3 species. The growth curves of
the three species showed fairly constant growth rates from the 2nd to 6th months,
within 3 months seems like no effects from treatments. The effects of treatments
became apparent by larger differences among treatments at later months (Figures 17-

19).

Height growth of Archidendron clpearia and Eugenia fruticosa were also
almost the same in every treatment in the 1st month. Differences among treatments
became exagerated after the 3rd month, to the 6th months. Height growth was rather

seperately divided between the 2 kinds of potting media (Figures 18-19).
Height at six months

There were significant differences among treatments height at 6 months for
Micromelum kirsufulm and Eugenia fruticosa (Appendix 4, Tables 9 and 11).
Seedlings grew tallest in REX trays with mixed media. Furthermore use of mixed media
in every container resulted in significantly talier seedlings than forest soil (Figures 20

and 22).



35

However, Archidendron clypearia’s mean height showed no significant

difference among treatments (Figure 21, Appendix 4, Tablel0).
Root collar diameter at 6 months

The mean root collar diameter of seedlings of two species: Archidendron
clypearia and Eugenia fruticosa, differed significantly among treatments. The mean
root collar diameter of Archidendron clvpearia was highest in squareccll/plastic bag
with media (Appendix 4, Table 13),while in Eugenia fruticosa the highest mean was in
squarecell/plastic bag and REX tray, with mixed media (Appendix 4, Table 14). In
addition, the mixed media generaily resulted in higher mean root collar diameter than

forest soil (Figures 24 and 25).

Even though Figure 23 shows that squarecell/plastic bags with mixed media
resulted in slightly higher mean root collar diameter than the other treatments, the

differences were not significant in Micromelum hirsutum (Appendix 4, Tablel2).
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Height growth chart

Figure 17. Micromelum hirsutum
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Figure 18. Archidendron clypearia
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Figure 19. Eugenia fruticosa
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Height at six months
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Figure 20. Micromelum hirsutum
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Figure 21. Archidendron clypearia
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Root collar diameter at six months
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Figure 23. Micromelum hirsutum

Rf Rm 1¢ Tm Sf

Treatment

Figure 24. Archidendron clypearia

Rt. Diam. (mm)

Treatment

Rt. Diam. (mm)

Figure 25, Eugenia fruticosa

Treatment

[ e

BRI



39

Root Morphology

Root dry weight at six months

In general mixed media resulted in higher mean root dry weight than forest soil.
Especially in Micromelum hirsutum and Eugenia fruticosa, root dry weights with
mixed media were about 0.5-3 times higher than with forest soil (Figures 26 and 28).
Mean root dry weight was highest with REX trays with mixed media in M icromelum
hirsutum, while it was highest in squarecell/plastic bags with mixed media in Eugenia

fruticosa (Appendix 4, Table 15 and 17).

However, Archidendron clypearia presented another result. In squarecell/plastic
bags with forest soil resulted in higher mean root dry weight than mixed media (Figure

27, Appendix 4, Tablel6).

Root-shoot ratio at 6 months

Mean root-shoot ratios in tubecell root-irainers were higher than with other
container types. For Micromelum hirsutum, tubecells with forest soil resulted in higher
values than with mixed media (Figares 29, Appendix 4, Table 19). Though
Archidendron clypearia also presented a similar result (Figure 30), differences among

treatments were not statistically significant in this species (Appendix 4, Table 19).
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In Archidendron clypearia, squarecell/plastic bags with mixed media resulted
in highest ratio. However root-trainers (both REX trays angd tubecells) with forest soit
still resulted in higher ratios than root-trainers with mixed media (Figure 30, Appendix

4, Table 20).

Degree of root spiraling at six months

For every species the highest degree of root spiraling occurred with
squarecell/plastic bags with both forest soil and media, about 2-3 times more than with
other containers ; root-trainer types. In addition, mixed media caused more root
spiraling than forest soil for every species and every container type (Figures 32-34,

Appendix 4, Tables 21-23).
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Root dry weight at six months

Figure 26. Micromelum hirsutum
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Degree of root spiraling at six months

Figure 32. Micromelum hirsutum
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Total Cost Per Seedling Per Season (see Appendix 5)

1. Containers
Rex Tray 0.243 Baht/seedling/season
Tubecell 3.08 Baht/seedling/season
Squarecell/ Plastic bag 0.240 Baht/seedling/season
2. Media
Rex Tray
Forest soil 0.30 Baht/seedling/season
Media ' 0.24 Baht /seedling/scason
Tubecell
Forest soil 0.20 Baht/seedling/season
Media 0.16 Baht /seedling/season
Squarecell/ Plastic bag |
Forest soil 0.55 Baht/seedling/scason
Media 0.44 Baht/seedling/season
3. Labor
Rex Tray 0.107 Baht/seedling/season
Tubecell 0.152 Raht/seedling/season

Squarecell/ Plastic bag 0.329 Baht/seedling/season



Total cost/seedling/season
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Total cost/seedling/scason = container cost + potting media cost + labor cost

Table 4. Total cost per seedling per season

Treatments Cost Total
Container Media Labor (Cost/seedling/season)

Rex Tray + Forest Soil 0.243 0.30 0.1067 0.65
Rex Tray + Media 0.243 0.24 0.167 0.59
Tubecell + Forest Soil 3.08 0.20 0.152 3.43
Tubecell + Media 3.08 0.16 0.152 3.39
Total Old Method (S+P) FS 0.24 0.55 0.329 1.12
Total Old Method (S+P) M 0.24 0.44 0.329 1.01
Total Cost Per Seedling Per Season
Rex Tray + Forest Soil 0.65 Baht/seedling/season
Rex Tray + Media 0.59 Baht/seedling/season
Tubecell + Forest Soil 3.43 Baht/seedling/season
Tubecell + Media 3.39 Baht/seedling/season
Total Old Method (S+P) FS 1.12 Baht/seedling/season
Total Old Method (S+P) M 1.01 Baht/seedling/season
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Benefit Value

In order to calculate the benefits of each seedling propagation per unit cost, it
was first necessary to devise an overall mean index of seedling quality based the values
 of the most important seedling characteristics (target seedling characteristics) analysed
in tables 9-23 in appendix 4 i.e. height, root collar diametes, dry root weight, root-shoot
ratio in weight and degree of root spiraling. The value of each parameter was divided
by the maximum value recorded to give a standardize value of 0-1 for each desirable
characteristic. The five standardized values were then muliiplied together to give an
index of seedling quality (SQI).
Seedling Quality Index = Standardized Values of (Height * Root collar diz;tmeter"
Root weight~Root-shoot ratio”Degree of Root spiraling)
The SQI divided by the unit cost of each treatment provided a useful measure
of cost effectiveness.

Benefit Value = Seedling Quality Index / Total cost per seedling

S89 Micromelum hirsutum Ohv.

Treatnient Benefit Value
Rex Tray + Forest Soil 1.55
Rex tray + Media 1.15
Tubecell + Forest Soil 1.15

Tubecell + Media | 0.23



Squarecell/plastic bag + Forest soil

Squarecell/plastic bag + Media

0.16

0.28

S112 Archidendron clypearia spp. clypearia vat. clypearia

Treatment

Rex Tray + Forest Soil

Rex tray + Media

Tubecell + Forest Soit

Tubecell + Media
Squarecell/plastic .bag + Forest soil

Squarecell/plastic bag + Media

S326 Eugenia fruticosa (DC.) Roxb.

Treatment

Rex Tray + Forest Soit

Rex tray + Media

Tubecell + Forest Soil

Tubecell + Media
Squarecell/plastic bag + Forest soil

Squarecell/plastic bag + Media

Benefit Value
12.5
3.04
0.21
0.34
0.58

0.55

Benefit Value
4.87
1.81
- 1.23
0.12
0.36

0.89
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DISCUSSION

Methodology

All statistical analyses except one (root collar diameter of Archidendron
clypearia (P< 0.05) Appendix 4, Table 13) revealed no significant differennce among
the three replicate blocks. This shows that a single block would probably have been
sufficient to show the same results, Similar tests on more species in the future could be

greatly simplified by using single blocks rather than replicates.

Container type

REX trays were the best containers for almost all target seedling characteristics
and for most species. REX trays provided not only better morphological characteristics
but also good root formation. Wightman (1997) and Josiah and Jone (1992) also |
reported that root-trainers were more effective than plastic bags, and bigger root-
trainers were more effective than smaller root-trainers. The two root-trainer types used
in the experiment reported here had different volumes. Rex tray cells were larger (300
cm3) than tubecells (200 cm3). So the resuits of the experiments agreed with the resulis
of other researchers. However comparisons between root-trainers and plastic bags of
the same volume has not yet been done. REX trays and plastic bags had slightly

different volumes (300 cm3 and 500 cm3 respectively), but tubecell root-trainers were
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much smaller than plastic bags (200 ¢m3). Consequently the volume of containers

should also be considerad.

Potting media

Potting media also influences seedling growth. Seedlings which grown in mixed
media had better growth characteristics. Mixed media encouraged fibrous root growth
which could absorb more nutrients and resulted in faster and stronger seedling growth.
However root deformation (root spiraling) occured more with mixed media than with
forest soil for each coptainer type (Figures 32-34). Considering media, the
heterogenous nature of the mixed media and the different ratio of each component
might have caused the higher degree of root deformation. Mixed media caused more
root spiraling. It might be possible that, because the media were not so finely mixed and
the materials were still in big pieces, when roots touched the materials, roots became
spiraled. In addition, the ratio of 1:1:1 (forest soil: coconut husk: peanut valve) might
not be suitable. Though scedlings developed very good shoot characteristics, root
morphology was poor. Root morphology is very impoftant when ouiplanting. Root
spiraling does not disappear, it grows as the tree grows and adult trees with spiraled
roots are easily blown over by the wind. Seedlings with good root formation will grow
well in the first rainy season after planting. Root development determines drought
resistance in the dry season when seedlings are at risk of mortality (Slatyer, 1967 and

Kramer et. al., 1969).
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Cost - Benefit Analysis

The analysis was based on FORRU nursery expences. Forest soil is taken from
Doi Pui, so we need to calculate the cost of gasolene and labor to transport the soil
from the road down to the nursery or in case of containers we need to transport REX
trays from Khon kaen to Chiang Mai, thus the costs depend on circumstances at each
nursery. The cost-benefit analysis showed that the balance between ecological and
economical considerations depended on the cost and type of containers 'and media.
Imported root-trainers might not be suitable to use because of the high cost and tax
charged. From this study, considering benefit value, REX trays were considerably
more economical than the other container types (Benefit Value, page 46-47 ). REX tray
cells had higher volume and provided more nutrients so seedlings could grow fast and

vigourusly. Furthermore, REX trays are available in Thailand and are not so expensive.

Limitations of the study

According o time constraints, this study did not continue until the time for
outplanting. This experiment covered only seedlings grown in the nursery within 6
months and did not yet complete the objectives to restore forest. However this study did
provide a basis for further study and guidelines to adapt and improve other nursery

techniques,
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Future implications

The results showed that REX tray root-tfrainers are 2 very effective container
type for tree nurseries in Thailand, to help in restore forest. REX trays should be
promoted for wider use. Nursery management should be improved and adapted for
their use. Nursery managers can re-engineer their nurseries by trying to change fo REX
trays bit by bit. REX trays can be reused many times, though the initial cost is quite
high, nurseries can save a lot in subsequent seasons. Nurseries would also have to
prepare for storage and maintenance. Staff need to learn how to use and how to handle
the new system for longer using period. Furthermore space in the nursery has to be
considered. REX frays take up more space than mbecells but less than plastic bags, so

the nurseries should calculate number of trays fit with space before making decision.
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CONCLUSION

1. Root-trainer supported faster seedling growth and better seedling form than

current nursery techniques using plastic bags.

2. Ihoth mixed media facilitated development of beiter seedling morphology, root

morphology was better in forest soil.

.3. REX trays with forest sail provided the most cfficient and cost effective method

of producing native trec seedlings for forest restoration projoct.

4. REX trays were sufficiently effective with native Thai forest species to

recommend their wider use to support forest restoration projects.
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RECOMMENDATIONS

1. The cxperiment should be continue to monitor after outplanting in the
degraded areas, to see the effectiveness of the recommended treatments

under field conditions.

2. Further research is necessary to take into amount differences in container

volumes.

3. Experiments should be carried out on a wider range of potting media.

4. Further experiments should be carried out to further improve the REX fray

method e.g. rate and types of fertilizer application.
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APPENDIX I: Reot-trainer Diagram
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Tube cell root-trainer
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APPENDIX II: Degree of root spiraling scoring method

Scoring methods can provide a rapid and useful complement fo more precise
and quantitative measurements. They are especially appropriate when the parameters
cannot be assessed by simple measurements, or time is himited. Furthermore, the data
can be used to carry out statistical tests (e.g. Analysis of Variance) of significance

(Longman et. al., 1993).

Degree of root spiraling score adapting from menzie’s tap root score :

Score ' Tap Root Condition
0 Strong, dominant, well developed tap root
1 Slighty malformed
1.5 Tap root distinctly hooked
2 Tap root badly hooked, but growth still
downwards
2.5 Tap root severely deformed into two or more

fracture zones, but growth still downward
3 | Tap root does not come below a horizontal plane.

Subtract one point for each sinker present.



60

APPENDIX III: Seedling Descriptions

Spondias axillaris Roxb. (Anacardiaceae}

This description is based on seedlings examined on 9 September 1997, grown at
the FORRU nursery, from 3 batches of seed, all collected from the same parent tree, at
Doi Suthep-Pui National Park Headquarters, ¢. 1,050 m elevation, at different times
(CMU Herberium, voucher s066b1- Zangkum s066b3).AThe 2 largest seedlings (29-30
months old, 38-46 cm tall) originated from seed collected on 6 March 1995 and
germinated 21 March - 11 April 1995, ngnty medium sized seedlings (2-3 months
old, about 23 cm tall) originated from seed collected on 2 June 1997 and germinated 9
June - 8 July 1997, while 40 very small seedlings (1-12 days old, up to 7-8 cm tall)
originated from sccd collected on 7 August 1997 and germinated on 28 August
onwards. The first two seed batches were germinated in shade, while the last batch was

germinated in sunny conditions. Various stages of development are illustrated in Figure

35.

Seedlings: cotyledons are raised above the soil surface (epigeal) and free of the

fruit and seed walls {phanerocotylar).

Development: one to five tap roots emerge downwards through five holes in

the sclerified pyrene. After the roots become anchored in the soil and begin to develop
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secondary roots, the hypocotyl elongates, arching upwards pulling the lincar cotyledons

frec of the pyrene. The cotyledons spread horizontally.

Roots: Primary root at the cotyledon stage, white, about 1 mm in diameter,
becoming cream coloured to light brown, 2.5 mm in diameter, fibrous, sinuous or
straight in older seedlings. Secondary roots: fibrous, slender, sparsely branching, white

when young, becoming light brown with age.

Stems: Hypocotyl { the part of the stem immediately below cotyledons) 6.5-7.0
cm long when cotyledons fully expanded; initially pink to light orangey-brown, furning
light brown-red with age; at the 6-node stage or older, with raised lenticels which
become more prominent and dense in older seedlings; with sparse, very short, white,
unbranched hairs. Epicotyl (the part of the stem immediately above the cotyledons)
2.0-4.0 cm long, green (at first leaf pair stage) becomng light red-brown (simular fo the
hypocotyl) by the 5-6 node stage, silky in appearance, with round, raised lenticels
apparent at the 6 node stage and older. Internodes: first internode 1.0-2.0 cm long;
second 0.3-1.5 cm, higher node up to 3.5 cm long; similar to the epicotyl, youngest part
green, becomong red to reddish brown with age; circular in cross-section, developing
sparse, round, slightly raised lenticels. Stems of larger seedlings erect, slender. All stem
parts with very short white hairs. Axillary buds (between the stem and the dorsal base
of the petiole) ovate to conical, green with brownish apex, hairy, ¢. 1.0 mm long by c.

1.0 mm across.
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Cotyledonary leaves two, opposite, lincar, with acutc to accuminate apeX,
margin entire and base decurrent, yellow when very young, turning green when fuily
expanded, often remaining vellowish towards the base, slightly fleshy, with dense, very
short, white hairs on the upper surface, sparsely so on the under surface. Venation
often not visible, sometimes 1-3 parallel veins on the upper and lower surfaces.
Cotyledonary petioles absent. Cotyledons usually shed at the 2-5-node stage, leaving

tiny scars on each side of the epicotyl - hypocotyl junction.

Leaves once pinnate, opposite at the first node, spiral on upper nodes, petiolate.
Leaves at the first node always with 3 leaflets, those at the second node have 5 leaflets,
higher nodes have 7-15 leaflets. Leaflets opposite, with a terminal leafiet, green on the
upper surface, slightly pinkish underneath, hairy, lanceolate, margin serrate, apex
acuminate, acute to cuneate at the base. Venation pinnate, midnerve sunken on the
upper surface and raised on the lower surface. Stipules absent. Petiole (leaf stalk
below the leaflets) green, hairy, 1,5-6.0 cm long, 1.0-2.0 cm in diameter. Rachis hairy,
1.0-15.0 cm long. Petiolule (leaflet stalks) green to red-purple, about 2.0 mm long,
6.5-1.0 mm in diameter on lateral leaflets, about 20.0 mm long, 0.5-1.0 in diameter for
the terminal leaf. Both petiolules and rachis are red-green to red-purple, with short

white sparse, minute hairs.

Branches rarely at 4-10th node.

Odour and sap not distinctive.
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Micromellum hirsutum Oliv, (Rutaceac)

This description is based on 60 seedlings examined on 14 January 1998 (about
8 months old, 10.5-27.5 cm tall), grown at the FORRU nursery, all seeds coliected
from the same parent tree, in Doi Suthep-Pui National Park Headquariers, c. 1,050 m
above sea level, at 27 May 1997 (CMU Herberium, voucher Zangkum s089b2). The
seedlings originated from seeds sown on 30 May 1997 and germinated on 7-30 June
1997, in sunny conditions. Seedling specimens are kept at Chiang Mai University
Herbarium (CMU Herberium, seedling specimens Zangkum s089b2). Various stages

of development are illustrated in Figure 36.

Seedlings: epigeal énclosed by a black silky testa.(Cryptocotylar)

Roots: Primary root at the cotyledon stage, white; hairs minute, about 1.0 mm
in diameter, becoming cream coloured, fibrous, sinuous or straight in older seedlings.
Secondary roots: fibrous, slender, densely branching, white when young becoming

cream with age.

Stems: Hypocotyl about 4 cm long when cotyledons fully expanded; initially
light green with short brown hairs, after the Snode stage or older, becoming white to
cream with lignification which becomes more prominent and dense in older seedlings;.
Epicotyl 1.5-2.0 ¢m long, green with minute hairs (at first leaf pair stage), becoming
white to cream (similar to the hypocotyl) by the 5-6 nodes stage and older. Internodes:

first internode 1.0-2.0 cm long; second 0.5-3.0 cm, higher nodes up to 5.0 cm long;
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similar to the epicotyl, youngest part green, becoming white to brown with age; circular
in cross-section, developing dense, vertical, lignified striations. Stems of larger seedlings
erect, slender. Axillary buds ovate fo conical, green with brownish apex, hairy, about

1.0 mm long by about 1.0 mm across.

Cotyledonary leaves two, opposite, deltoid, with acute to accuminate apex,
margin entire and petiolate, light green when young, turning green when fully
expanded, hairless, venation palmate. Cotyledonary petioles green with minute hairs,
3-5mm long. Cotyledons usually shed at the 2-5-node stage, leaving tiny round scars

on each side at the epicotyl - hypocotyl junction.

Leaves opposite at the first node, spiral at later nodes, paripinnate, compound,
peticlate leaflets. Blades at 1-5 nodes decussate, green above, light green underneath,
first leaflet obovate elliptic on higher ones apex mucronulate, margin entire, attenuate at
the base. Blades after 5-6 nodes imparipinnate compound leaves, each green above,
light green undemecath, glossy when young, with minute white hairs, elliptic with
mucronulate apex, margin entire, attenuate at the base. Venation pinnate, midnerve
sunken on the upper surface and raised on the lower surface. Stipules absent. Petioles
green, hairy, 2.5-3 c¢m long, Rachis (continuation of petiole) 3-5 cm long, Petiolules

yellow-green, hairy, 3-5 mm long,

Branches not yet formed

Odour and sap not distinctive.
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Archidendron cleipearia (Jack) Niels.spp. clypearia var. clypearia (Mimosoideae)

This description is based on 50 scedlings examined on 14 January 1998 (about
8 months 0ld,12.5-30.0 cm tall), grown at the FORRU nursery, all seeds collected
from the same parent tree, in Doi Suthep-Pui National Park Headquarters, c. 1,0507 m
above sea level, at 27 May 1997(CMU Herberium, voucher Zangkum s112b2). The
seedlings originated from seed sown on 30 May 1997 and germinated on 7 June-9 July

1997, in sunny conditions. Various stages of development are illustrated in Figure 37.

Seedlings: hypogeal, hidden within a black silky testa (cryptocotylar).

Roots: Primary root at the cotyledon stage, white, about 1.0 mm in diameter,
becoming cream coloured, fibrous, sinuous or straight in older seedlings, with white
nitrogen fixing nodules; 0.5-2.0mm in diameter. Secondary roois: fibrous, slender,

densely branching, white when young becoming cream with age.

Stems: 3.0-5.0 cm long, green with minute hairs (at first leaf pair stage) by the
5-6 node stage becoming dark green with raised round lenticels which become more
prominent in older seedlings . Internodes: first mternode about 3.0 cm long, circular in
cross-section. After 6th node ; 3.0-5.0 cm long; slightly fluted in cross-section, similar
to the epicotyl; youngest part green, becoming lenticilate and brown with age. Stems of
larger seedlings crect, slender. Axillary buds ovate to conical, green with brownish

apex, hairy, about 1.0 mm long by about 1.0 mm across.
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Cotyledons two, opposite, thick and fleshy, oval-spherical convex shaped with

black testa.

Leaves opposite at first node, spiral at later nodes, petiolate. Blades decussate-
doubly compound leaflet, dark green above, green underneath, imparipinnate, elliptic-
obovate with apex mucronulate, margin entire, atienuate-truncate at the base. Venation
pinnate, midnerve sunken on the upper surface and raised on the lower surface.
Stipules absent. Petioles green, hairy, 0.5-5.0 cm long, Rachis about 4.0 cm long,

Petiolules green with hairs, 3.0-5.0 mm long.

Branches not yet formed

Odour and sap with a strong tannin smell, sap white.
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Eugenia fructicosa (DC.) Roxb. (Myrtaccae)

This description is based on 40 seedlings examined on 2 December 1997 (about
6 months old, 13.5-28.5 c¢m tall), grown at the FORRU nussery, all seeds collected
from the same parent tree, in Doi Suthep-Pui National Park Headquarters, ¢. 1,050 m
above sea level, at 27 May 1997 (CMU Herbarium, Voucher Zangkum s112b2). The
secdlings originated from seed sown on 2 June 1997 and germinated on 9 June-25 July

1997, in sunny conditions. Various stages of development are illustrated in Figure 38.

Seedlings: hypogeal, enclosed within a brown fibrous testa (cryptocotylar).

Roots: Primary root at the cotyledon stage, cream, about 1 mm in diameter,
becoming light brown, ﬁﬁrous, furning into a straight, tough, tap root in older seediings;
after the 6 node stage, becoming lignified; 3.0-4.0 cm in diameter and about 20.0 cm
long, tip white. Secondary roots: fibrous, very fine, densely branching, light brown

becoming brown with age.

Stems: Hypocotyl: not elongating, yellow. Epicotyl 3.0-5.0 cm long, red to
maroon, hairless (at first leaf pair stage) by the 5-6 node stage becoming light brown
with well-developed lenticels which become more prominent in older seedlings .
Younger seedlings have red younger nodes whereas older seedlings have green younger
nodes. Internodes: first internode about 3.0 cm long, green, circular in cross-section.
After Sthnode ; 3.0-5.0 cm long; slightly fluted in cross-section, red, similar to the

epicotyl; becoming lignified and tess distinct as the node ages. Stems of larger seedlings
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erect, slender. Axillary buds conical, minute, brown, 3 lobed, about 1.0 mm long at

the base.

Cotyledons two, opposite, yellow, hemispherical inside, dorsal surface smoath,
inner surface convoluted, about 9.0 mm long, 6.0 mm wide, with brown, fibrous

seedcoat. Cotyledonary petiole not developed. Venation indistinct.

Leaves simple spiral up to the Sth node, opposite at higher nodes, petiolate.
Blades at 1-5 nodes lanceolate, dark green above, green undereath, acuminate-
apiculate apex, margin entire, base attenuate. Blades at higher nodes lanceolate with
cirthose apex, dark green above, green underneath, margin entire, base attenuate.
Venation pinnate, midnerve sunken on the upper surface and raised on the lower
surface. Stipules absent. Petioles light green, hairless, 1.5 mm diameter, 3.0-6.0 cm

long.

Branches not yet formed.

Odour and sap not distinctive.
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APPENDIX V: Cost-Benefit Analyses

Cost
1. Containers

REX Tray
Cost
Transportation ( Khon Kean-Chiang mai)
Transportation
Total cost (50 +20)
One tray has 24 cells : 1 cell

50 Baht/tray
2,000 Baht/100 trays
20 Baht/tray
70 Baht/tray

( 70/24)

2.92 Baht/seedling

Tubecell (Conversion Rate : $1 = 40 Baht)

Cost of the tube
Cost of the tube
Cost of the stack
Cost of the stack

Ong tray can carry 98 tubes

Cost of the stack + tubecells

Cost of the stack + tubecell
Transpostation (USA-Bkk)
Transportation (Bkk-Chiang mai)
Total transportation cost

One tubecell

Total cost

Convert to Thai currency

1055 $/2,000 tubes

0.053 $/tube

127 $/20 trays

6.35 S/tray
(0.053*98)

5.19 $/tray

5.19+6.35 $/98 seedlings

0.018 $/ seedling

328.46  $/2,000tubecells
560 $/2,000tubecells
888.5 $/2,000tubecells

( 888.5/2000)
0.444 $/seedling

(0.018 + 0.444)
0.462 $/seedling

18.48 Baht/seedling



Squarecell
Cost
One tray has 72 cells : 1 cell

Plastic bag
Cost
One bag
One plastic bag

Reusable time

REX Tray
Tubecell
Squarecell

Plastic bag

Container cost/seedlings/season

REX Tray
Tubecell
Squarecell

Plastic bag

2.Potting Media
Forest soil
Gasolene

Labour 4 people in 2 days : 150 * §

30 Baht/tray
(30/72)
0.42 Baht/seedling
28 Baht/Kg
0.004089 Kg
0.135 Baht/seedling
12 seasons
6 seasons
4 seasons
1 seasons
0.243 Baht/seedling/season
3.08 Baht/seedling/scason
0.105 Baht/seedling/season
0.135 Baht/seedling/season
500 Baht
1200 Baht
Baht

1700



Volume of soil (1.5%1.5%1.5)/2

Forest soil

Media

Icm3

Coconut husk (98,400 cm3)
Peanut valve (98,400 cm3)

Forest soil
Total
Media

Volume used

(98,400 cm3)

(295200 cm3)

1 cm3 =

REX Tray
Tubecell
Squarecell

Plastic bag

Potting media cost/seedling/season

REX Tray
Forest soil

Media

Tubecell
Forest soil

Media

96

1.6875
1,687,500
= 0.001

= 70
= 60

= 99.12
= 229.12
4.0008

300 o3
200 cm3
50 cm3
500 cm3
0.30
0.24
0.20
0.16

cubic metres
cubic centimetres

Baht

Baht
Baht

Baht
Baht
Baht

Baht/seedling/season
Baht/seedling/season

Baht/seedling/season
Baht/seedling/scason
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Squareceli
Forest soil

Media

Plastic bag
Forest soil

Media
3. Time Consuming
REX Tray
Tubecell
Squarecell

Plastic bag

Time consuming/cell

0.05
0.04

0.50
0.40

30
10
30
20

Rex Tray (1 unit = 24 cells) 1.25

Tubecell  (lunit = 1 cell)

10

Squarecell (lunit =72 cells) 0.42

Plastic bag (1 unit = 1 ceil)

4. Labor cost )

Labor wages 1 day = 150 Baht,works in 8 hrs. 1hr.

Labor cost for filling containers/seedling

REX Tray
Tubecell .

Squarecell

20

Baht/seedling/scason
Baht/seedling/season

Baht/seedling/season
Baht/seedling/season

second/unit
second/unit
second/unit

second/unit

s/ seedling
s/ seedling
s/ seedling
s/ seedling

18.75 Baht

Baht/seedling
Baht/seedling
Baht/seedling
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Plastic bag 0.1048
Seed collection = 150 /1500 seeds = 0.1
Pruning time (4second/bag) = 0.021
Labor cost/seedling/season

REX Tray (0.0065 + 0.1) 0.1065

Tubecell (0.0521 + 0.1) 0.1521

Squarecell (0.0022 + 0.1) 0.1022

Plastic bag (0.1048 + 0.1 + 0.021) 0.2268

Total cost/seedling/season

Baht/seedling

Baht/Seedling
Baht/Seedling

Baht/scedling/season
Baht/seedling/season
Baht/secdling/season
Baht/scedling/season

Total cost/seedling/season = container cost + potting media cost + labor cost

Treatments Cost Total
| Container Media Labor  (Cost/seedling/season)
Rex Tray + Forest Soil 0.243 0.30 0.107 0.65
Rex Tray + Media 0.243 0.24 0.107 0.59
Tubecell + Forest Sail 3.08 0.20 0.152 3.43
Tubecell + Media 3.08 0.16 0.152 3.39
Squarecell + Forest Sail 0.105 0.05 0.102 0.26
Squarecell + Media 0105 004 0102 0.25
Plastic Bag + Forest Soil 0.135 0.5 0.227 0.86
Plastic Bag + Media 0.135 0.4 0.227 0.76
Total Old Mathod (S+P)FS 0,24 0.55 0329 112
Total Old Method (S+P) M 0.24 0.44 0.329 1.01
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