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RADIOSENSITIVITY OF THREE SPECIES OF GROUND ORCHIDS
(Spathoglottis plicata, S. kimballiana var. angustifolia

and S. tomentosa) TO ACUTE GAMMA

RADIATION1

by

Martial Alvaran Gonzalcs

ABSTRACT

A radiosensitivity study coupled with tissue culture
technique was conducted as preliminary to mutation breeding
of the three, species of ground orchids (Spathoglottis plicata,
S. kimballiana var. aiigusii/blia, and S1. tomentosa). It aimed
to compare the effects of varying dose levels of gamma
radiation applied to the germinated embryos (protoeorms) of
the three species. Also, it sought to determine the lethal dose
of gamma radiation on the three species and to determine
their optimum dose or the dose level that will lead to
production of more mutants. The protocorms of the three
species were irradiated at 10 Gy, 20 Gy, 30 Gy, 40 Gy, and
50 Gy dose levels of gamma radiation.

Results of the study showed that as the dose level
administered increases, percent mortality of seedlings also
increases. Further, seedling height, number of roots and root
length decreases. However, there was an increase in number
of leaves at certain dose levels due to the emergence of
furcations, but further increase in the dose levels of radiation
decreases the number of leaves. Furthermore, some
qualitative characters such as albinism, pigmentation, forked
leaves, furcations, and multiple branching came out as
responses to gamma irradiation.

It further shows' that the three species have varied
radiosensitivity as affected by their individual phenotype. It
was found that S. kimballiana var. cmgiistifolia was the least
radiosensitive among the species, and could have a great
potential for a wide array of genetic variations due to the
observed emergence of more morphological mutations that
came out as effect of gamma radiation.

An undergraduate thesis manuscript presented in partial fulfillment for the requirements for the degree oi'
Bachelor of Science in Agriculture, major in Crop Science from the Central Luzon State University. Science Cir\ .1:
Mufioz, Nueva txija. Prepared under the supervision of Prof. Rosemarie I. Tapic at the Department ot Crop Science ;r.
cooperation with Mr. Fernando B. Aurigue of the Philippine Nuclear Research Institute with Research Corur.hmion No.
2006-10-04-10.



INTRODUCTION

Artificial mutation or induced mutation continues to be an attractive method for

creating genetic variability in crops especially in ornamental plants. Mutagenic agents

used could be either by chemical (e.g., ethyl methane sulphonate), or physical means

(e.g., ionizing radiations such as gamma rays).

Mutational irradiation of ornamentals is now being widely used in breeding for

new desirable traits such as length of stem; size, shape and color of leaves and flowers;

resistance/ tolerance to diseases, etc.

In the ornamental industry, Spathoglottis ground orchids have been considered

with great market potential intended for landscaping or as potted flowering plants both

local and abroad. Spalhoglottis offer year round color in landscape ground beds as well

as an interesting flowering patio plant. The development of improved varieties of these

ornamentals may enhance the export capability of the country which could help our

economy. This may also create livelihood opportunities by encouraging our ornamental

raisers to grow these ornamentals.

Radiosensitivity studies are almost neglected. Most researchers aimed for the

production of improved varieties without thinking what.will be wasted. Cells, tissues,

organs, or organisms have varying radiosensitivity or radiation susceptibility response

when they are exposed to a certain levels of radiation. The determination of the lethal

dose and optimum dose will distinguish the radiosensitivity of species from the other

species in (he genus. The knowledge of radiosensitivily response of different species will

not just bring forth to conservation of time, cITori and resources; but also open a wider

area of.study for crop improvement through mutation breeding.



Importance of the Study

Studies on genetic improvement of crop plants have become a continuous process.

The method of selection and artificial pollination are not enough to create stable

improved cultivars. More options for traits are highly demanded for a wide genetic

variation; because without genetic variation, any adverse changes in their natural habitat

would endanger a species to become extinct. Mutation plays an important role in

producing desirable genetic variability, either by natural or artificial (induced mutagens)

means. Spontaneous mutations occurring in nature may be duplicated artificially by

induced mutations. Induced mutations may result to morphological and physiological

changes in the species studied.

The determination of the radiosensitivity of the species to be studied is a

preliminary process towards mutation breeding using radiation. In ornamental species,

where any novelty will be of commercial interest, mutation is especially useful to create

new variants. The establishment of the range of the optimum dose level and the Jethal

dose level would be the basis for further studies in the production of more progressive

mutants.

Statement of the Problem

Radiosensitivity for the genus Spathoglottis has not yet been established.

Mutation using gamma radiation on Spathoglottis was applied only on fruits and six

months old seedlings of Spathoglottis plicala. The specific dose level that was critical to



the plant survival or the so-called lethal dose is not yet determined and the optimum dose

on protocorms as plant materials was not yet established. Irradiation beyond the lethal

dose and irradiation below and above optimum dose could just be a waste of time, effort,

money, and resources.

Objectives of the Study

The objectives of the study were:

(1) to compare the effects of varying dose levels of gamma radiation applied to

the germinated embryos of the three Spathoglottis species;

(2) to determine the lethal dose of gamma radiation on the three species; and

(3) to determine the optimum dose or the dose level that will lead to production

of more mutants for the three species.

Hypothesis of the Study

The hypotheses of the study were as follows:

1I) the lethal dose may vary from one species to another

(2) the optimum dose may vary from one species to another at a narrow interval

(3) gamma rays will create mutations or gene alterations in the three species of

Spathoglottis



Scope and Limitation of the Study

The study was concerned only on the effects of gamma radiation to the

protocorms of three species of Spathoglottis. Observation on the effect of gamma

radiation was done only during the M| generation at data gathering stage.

Time and Place of the Study

This study was conducted from August to November 2006 at the Philippine

Nuclear Research Institute, Commonwealth Avenue, Diliman, Quezon City.



REVIEW OF LITERATURE

Mutation

Genetic variability is required to improve a crop for any character. Mutations that

occur spontaneously or are artificially induced can be useful sources of variability for the

plant breeder. It is generally agreed that mutation breeding is most appropriate when a

desired character is not available in the germplasm that can be used for hybridization and

selection (Fehr, 1987).

Biologically, mutations are changes to the genetic material (usually DNA or

RNA). Mutations can be caused by copying errors in the genetic material during cell

division and by exposure to radiation, chemicals (mutagens), or can occur deliberately

under cellular control during processes such as' meiosis or hypennutation (Wikipedia, the

free encyclopedia).

According to Allard (I960), mutations are the sole source of allelic differences,

the raw material for genotype alternatives. They provide nature with inherited variability

and are (he key to natural selection success.

Montelone (1998) stated that mutations are important due to several reasons: 1)

may have deleterious or (rarely) advantageous consequences to an organism (or its

descendants); 2) important to geneticists; and 3) the major source of genetic variation

which fuels evolutionary change.

Meanwhile, Lacandula (2005) cited that mutation process is induced through

artificial methods, employing either physical (i.e. ionizing radiation); or chemical (i.e.

alkylating agents) mutational agents (mutagen) and followed by observation to assess



stability to avoid reversion. Selected varieties that posses desired or enhanced traits are

evaluated for market acceptance, and then the desirable ones is released for mass

utilization.

Mutation Breeding

Mutation breeding is a non-conventional line of genetic science that deals with

both permanent heritable genotypic and phenotypic changes in traits intended to bring

about new and improved varieties among selected agricultural crops (Lacandula, 2005).

Mutation breeding refers to isolation and selection of desirable induced mutations

in segregating generations that follow a mutagenic treatment of seeds or other plant parts.

The selected mutants are used in breeding programmes and are also released for

commercial cultivation depending on their usefulness (Agrawal, 1998).

As cited by Ranch (2001), FAO mentioned in their Annual Review, that

because of using irradiation and chemicals, plant breeders are able to induce inheritable

changes in the genetic background of a plant and then select offspring with the

characteristics they are looking for. Through mutation breeding, FAO and IAEA

scientists achieved positive results in improving oilseed crops like sesame. The

researchers achieved remarkable breakthroughs with sesame by increasing the length of

the fruiting zone on the stem, the number of capsules, the uniformity of ripening and the

plants' tolerance to important diseases. The success in improving yield and quality was

manifested in the official release of 19 mutant varieties over the period covered by the

programme.



In ornamental species, where any novelty will be of commercial interest, mutation

breeding is especially useful. In situations wherein a plant breeder is confronted with

little genotypic variation, it appears to be the only method available to bring about

desirable improvement (Agrawal, 1998).

Induced Mutation through Radiation

It has been proven that ionizing radiations and also certain chemicals, when

handled properly, could induce many useful alterations in the genomes of crop plants.

Records maintained by the Joint FAO/IAEA Division in Vienna show that crop cultivars

with one or more useful traits from induced mutations (mainly from x- and gamma-rays)

were released worldwide over a period of 35 years. Included in these records are some

outstanding examples of cultivars (e.g. "Diamant" and "Trumpf" in barley; "IRAT 13",

"Yuanfengzao' and "Calrose 76" in rice; "Lumian 1" and "NIAB 78" in cotton;

"Pcrvcnets" in sunflower; "Star Ruby" in grapefruit), which had a remarkable economic

impact (FAO/IAEA Mutation Breeding Newsletters, S972 - 1997).

As cited by Gregory (1967), Emery stated that irradiation can aid in broadening

the genetic base in two ways: it causes genetic variability, and it increases outcrossing.

Irradiation is an artificial method of inducing mutation in living organisms. This

requires exposure of plant subjects at varying proximity to a radiation source. Nuclear

mutation may be as controversial as lingering fears, and ignorance continues its threat to

overshadow the possibilities. Scientists are making significant strides particularly for

applications in the field of ornamental plants (Lacandula, 2004).



In the production of mutations, radiation acts by ionizing nitrogenous bases in the

DNA chains specifically at DNA synthesis. Base-change or base-deletion gives change in

critical base sequence of the molecules. Ionization of one or more of the bases with free

radicals that radiation produces may alter base structure that they no longer possess the

characteristics which they had before exposure to radiation. Ionizing radiation can break

chromosomes either by direct or indirect action. Structural rearrangements of

chromosome and even loss a part of chromosome from cells as well as the whole

chromosomes may follow a radiation induced break. Loss of chromosomes or

chromosome fragments produces distinct deviations from the cellular status quo. Even

the loss of very small pieces of chromosomes gives damage to the cells in which it

happens, and the loss of large chromosomes is serious enough to bring about cell death

within a few cell generations (FNCA, 2004-2005).

Radiation through Gamma rays

Radiation is produced by high energy particles disrupting chemical bonds and

transforming one compound into another. The agent selected defends on its availability,

mode of action and effectiveness for achieving the desired genetic change. (Fehr, 1987)

Gamma ray is short wave-length electromagnetic radiation released by some

nuclear transformations. It is similar to X-ray and will penetrate through the human body.

Iodine 131 emits gamma rays. Both gamma and X-rays cause ionization (Montclone,

1998). They are electromagnetic radiations that are produced with the use of

radioisotopes and nuclear reactors. Treatments can be given in single doses, or plants can



be exposed continuously to gamma radiation over an extended period in time (Fehr,

1987).

Gamma rays (often denoted by the Greek letter gamma,Y) are energetic form of

electromagnetic radiation reduced by radioactivity or other nuclear or subatomic

processes such as electron-positron annihilation. They form the highest-energy end of the

electromagnetic spectrum (US Nuclear Regulatory Commission, 2003). They have

generally shorter wavelength and hence possess more energy per photon than X-rays.

Gamma radiation in usually obtained from radioisotopes in contrast to X-rays. A gamma

radiation facility can be used essentially in the same manner as an X-ray machine for

acute or semi-acute exposures. The most distinct advantage of gamma radiation source

for prolonged treatments (chronic) is that it can be placed in a greenhouse or field so that

plants can be exposed as they develop over long periods of time. Cobalt-60 and Cesium -

137 are the main sources of gamma rays used in mutation breeding. They are stored in

lead containers when not in use arid operated by remote control mechanisms to irradiate

plant material/FNCA, 2004-2005)

In Dendrobium jayakarta. the optimum dose of gamma rays for inducing

mutations was determined using up to 203 plant protocorm-like bodies (PLB's). In the 60

Gy dose, 119 PLB's survived and showed smaller roots compared to control while in the

80 Gy dose, 1 12 PLB's survived and a visible reduction in plant height and root length

was determined. In the 100 Gy dose, only 27 PLB's survived and had smaller shoots

without roots; this dosage was critical because seedlings could no longer survive without

roots under natural conditions.
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According to the study of Punzalan (2005) using seedlings of Spathoglottis

plicata which were irradiated after six months from embryo culture, only 25 % of the

population survived after exposing to 30 Gy dose of gamma radiation. In his second

experiment, using fruits of Spathoglottis plicata as the plant material irradiated, only the

10 Gy treatment showed germination.

Rndiosensitivity

Radiosensitivity means sensitive to the action of radiation. The term was used

especially on living structures (The American Heritage Dictionary of the English

Language, Fourth Edition, 2003).

Radiosensitivity is the relative susceptibility of cells, tissues, organs or organisms

to the harmful effect of ionizing radiation. Cells are least sensitive when in the S phase,

then the G( phase, then G2 phase and the most sensitive in the M phase of the cell cycle.

This is described by the law of Bergonie and Tribondeau, formulated in 1906 (Wikipedia,

the free encyclopedia).

It has been found that cell radiosensitivity is directly proportional to the rate of

cell division and inversely proportional to the degree of cell differentiation. In short, this

means that actively dividing cells or those not fully mature are at most risk from

radiation. The most radio-sensitive cells are those which have a high division rate, have a

high metabolic rate, are of a non-specialized type, and are well nourished (U.S. Nuclear

Regulatory Commission, 2003).

Lapade. et al. (1996) stated that preliminary study on the radiosensitivity of

Dendrobium protocorms was undertaken. Results indicated that some protocorms can
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survive at dose level of 50 Gy of gamma irradiation. However, their weight decreases and

their physiological responses were affected with increasing dose of radiation.

According to Gregory (1967), the proper dose level of radiation will vary with

crop species. At doses succeeding the mutational and survival response (radiosensitive

response), mutants may be dying (lethal) at a greater rate than non-mutants. Fewer kinds

of mutations could be gathered at a very high dose (lethal dose).

Spathoglottis

Spaihoghttis is a genus of tropical, terrestrial orchid which has been widely

cultivated for a long time in Southeast Asia. It comprises approximately 40 + species.

The generic name is derived from the Greek spathe, meaning 'broad blade', and glossa or

g-'otta, meaning 'tongue' in reference to the characteristic labellum of the genus.

The foliage is palm-like and pleated with showy flower spikes producing successive

flowering over time. Flower colors range from purple to yellow to white. When well

grown, many species produce tall erect spikes of bright flowers continuously. Most grow

.at low to moderate altitudes, but a few species occur at high altitudes in grassland and

open forests in moist areas (Beltrame, 2006; Cootes, 2001; Tcoh, 2003; Vahnayor,

1984). '

Spathoglottis plicata. Native to the Philippines and Southeast Asia that grows in

wide range of altitude from sea level up to 1500 m. This ground orchid has pleated

lance-like leaves to 100 cm and a flower-stalk to 100 cm. Flowers, 5-40, variable purple,

'Alba' (lowers white; petals ovate, to 30x20 mm; lip 3-lobed, T-shaped when flattened

(lateral lobes at 90° to midlobc); sidclobes to 8x3 mm; midlobe to 13 mm long, stalk 1.5
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mm wide (with or without a wart), tip 6 mm wide with smooth edge, and basal lump

(callus) 2-lobed and sometimes hairy. Fruit-capsules, cylindrical, 40x10 mm (Teoh Eng

Soon, 2003; Cootes, 2001; Valmayor, 1984).

Spathoglottis kimballiana This species occurs in Borneo, from sea level to 300m

in full sun. Spathoglottis kimballiana var. angiistifolia found both in Borneo and in

Philippines has large heavy textured bright yellow flowers to 4cm across and as denoted

by its variety name, it has narrower leaves than the typical species. The inflorescence is

up to 60cm tall, with several bright yellow flowers, each 8cm in diameter (Teoh Eng

Soon, 2003; Beltrame, 2006; Cootes, 2001; Valmayor, 1984).

Spathoglottis tomentosa. It is native to the certain parts of the Philippines, as well

as islands of the Malay Archipelago. It grows from 200 to 430 m altitude. The flowers of

this species are flat, round and light violet or deep pink with yellowish labellum mottled

.with red and naturally hairy, a characteristic from which it derives its specific name

tomentosa. The flowers were 3-4.5 cm across, lateral sepals are elliptic-oblong, while

petals are ovate and spreads horizontally. Its flower stalk was 20-55 cm long, and densely

covered by velvety coat of soft hairs, particularly towards the tip. (Valmayor, 1984;

http://www.floramalesiana6.pl-i/philippiiie-orchids/spathoglottis.html').
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METHODOLOGY

Planting Materials

Three species of Spathoglottis that are native to the Philippines were used as the

source of plant materials for the experiment. These species were already available at the

Philippine Nuclear Research Institute which have been collected by some PNRI

personnel from their natural habitats. Spathoglottis p/icata which produces purple flowers

and known to be the most common species was collected from Bicol; Spathoglottis

kimbaliana var. angustifolia which bears large yellow flowers was from Panay island;

and Spathoglottis tomentosa which possesses light violet flowers was from the highlands

Figure 1. Sample flowers of: (A) Spathoglottis p/icata, (B) 5. kimballiana var.
(tngustifblia, and (C) S. foment osa
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of Nucva Vizcaya (Figure 1). The fruits (capsules) were harvested before the seeds

disperse (27 days for 5. plicata, 29 days for S. kimballiana, and 31 days for S.

tomentosa). The embryos from the capsules were extracted to serve as the starting

planting material.

Embryo Culture

The fruits were harvested and washed in fungicide solution for 20 minutes with

detergent as sticker, and then rinsed in lap water.

Fmbryos from unshattered fruits were excised and planted in a nutrient medium

using aseptic technique (Figure 2). The steps in the preparation of the artificial culture

medium are shown in Appendix A. while the procedures of the aseptic technique are

outlined in Appendix B.

Figure 2. Flaming 'he frui'..-' •„•!'Spatho^lottis in order to sterilize it
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Treatments and Experimental Design

The experiment was laid out in a Split-Plot Design in Randomized Complete

Block (RCB) in unequal treatments with three replications to minimize the effects of

microclimatic conditions in the laboratory. The treatments were as follows:

Main plot (A) - Spathoglottis species

A1 - Spathoglottis plicata

A2- Spathoglottis kimballiana var. angustifolia

A3- Spathoglottis tomentosa

Subplot (B) - dose levels of gamma radiation (measured in Gray, abbreviated Gy)

Bl- 01 (Control)

B2- 10

B3- 20 (absent in S. tomentosa)

B4- 30

B5- 40

B6- 50
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Experimental Procedure

Irradiation

When the embryos have-germinated as manifested by the presence of small green

top-like bodies (33 days for S. plicata, 34 days for S. kiinballiana, and 35 days for S.

tonwntosa), the culture vessels with protocorms were brought to and irradiated at the

PNRI Cobalt-60 Multi-Purpose Facility building which houses the Gammacell 220

apparatus (Figure 3) with a dose rate of 59.65 - 60.3 1 Gy/hour.

Fach species was irradiated at varying levels of gamma radiation of 10, 20, 30,

40, and 50 Gy. Unirradiated protocorms or 0 Gy served as the control.

Figure 3. The Gammacell 220 gamma irradiator: (A) closed. (B) open
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Reflasking/Sub-culturing

Just after irradiation, the protocorms were transferred into a fresh culture medium

suitable for further development and rapid growth. The number of protocorms transferred

to a bottle of fresh nutrient medium was based on the available number of protocorms

which depended on the germination capability of each species.

As in the inoculation of embryos, all reflasking operations were done inside the

laminar flow chamber (Figure 4). The steps followed are shown in Appendix C.

figure 4. Using a long handled spatula in spooning out the prolocorms to be
transferred in another culture bottle



Acclimatization

Natural environments have lower relative humidity and higher light levels that are

stressful to plants cultured in vitro. Plants produced in vitro require acclimatization to

ensure high survival rate upon establishment in another medium (e.g., soil, perlite).

Alter one and a half months (45 days), the cultures were brought out of the

laboratory to acclimatize the seedlings at the screen house (Figure 5) for two weeks.

Conditioning them before deflasking will minimize environmental stress during its

growing period in vivo.

Figure 5. Culture bottles of Snathon.'ottis acclimatized at the screenhouse
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Dcflasking

For this study, deflasking was done according to the growth behavior or status

(extensive growth) of the seedlings at the 0 Gy (59 days after irradiation/ 14 days after

acclimatization) to avoid death in that dose level due to suffocation, competition, and

stress due to their extensive grow.h. It is at deilasking (Figure 6) when data gathering

was done. Appendix D outlines the steps followed.

Figure 6. Using a long handled spatula to spoon out the seedlings to the basin



The summary of the procedures is outlined in Figure 7.

Embryo Culture

33 days for SP, 34 days for
SKA, and 35 days for ST

Irradiation and
Reflaskin»

45 davs

Acclimatization

14 days

Deflasking and
Data Gatherina

20

Figure 7. The steps followed in the experiment
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Data Gathered

All procedures (except acclimatization) and data gathering were done under

laboratory condition. The parameters gathered during deflasking (59 days after

irradiation) were taken from five sample seedlings per replication. The following data

were gathered:

1 Percent Mortality of Protocorms. This was the percentage of the

protocorms (per replication and averaged per treatment) that died 59 days

after irradiation. It was used in determining the lethal dose, LD50 and

LD100 for each species. It was counted during the time of deflasking and

calculated as:

% Mortality = number of dead protocorms ^

total number of protocorms per culture bottle

2. Seedling Height (mm). This was the length from the basal end of the

stem to the tip/apex of the longest leaf of the samples.: It was also

measured during deflasking.

3. Number of Leaves per Seedling. This was the number of leaves of

individual seedlings counted during deflasking.

4. Number of Roots per Plant. This was the number of roots of

''individual seedlings counted during dcflasking.

5.. Root Length (mm). This was the length from the basal end of stem

unto the root tip of the sample with the longest roots. It was also measured

during deflasking.
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6. Qualitative Characters as effect of Gamma Radiation (Emergence of

Mutations). These are the morphological characteristics that came out

as effect of the gamma radiation exposure and noticeable by visual

observation. When these characters are observed, the percentage of

emergence was determined.

Statistical Analysis

All data obtained were tabulated and analyzed using the analysis of variance for

Split-Plot in Randomized Complete Block Design (RCBD), except the qualitative

morphological characters that came out in several treatments only. Analysis was done

using the General Linear Models (GLM) of the Statistical Analysis System (SAS) version

6.12. Accounting for incomplete data, the Type IV SS was used to determine the

significance of Factor A, Factor B, and its interaction effect. Comparison among species

means, dose level means and their interaction (comparing the three species per specific

dose level) was done using the Duncan's Multiple Range Test (DMRT).
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RESULTS AND DISCUSSION

General Observations

At the start of the study, variations among the species were already observed. The

immature seeds were examined for viability by counting those with embryos under the

microscope. Based on embryo count, the seed capsules of the three species have high

viability: 100% in Spathoglottisplicata, 92% in S. kimballiana var. angustifolia, and 90%

in S. tomentosa. However, it was shown that the viability of Spathoglottis orchid seeds

does not depend on embryo count alone but also by their maturity which differed between

species. Synchrony in flowering time and harvest time were not met for the three species

so the study was set-up separately per species and the experimental design and analysis

were changed from two factor RCBD into Split-Plot Design. Embryo culture of

S. kimbal/iana var. angustifolia was done two weeks later from that of S. plicata, and the

embryo culture of S. tomentosa was done four weeks later from that of 51. kimballiana

var. angustifolia. The ages of the seed capsule per species from date of pollination varied

from 27 days for S. plicata, to 29 days for S1. kimballiana var. angustifolia, and 31 days

for S. tomentosa. Five weeks after embryo culture (before irradiation), differences on the

protocorm sizes were also observed. At the same period after embryo culture, it was

observed that S. plicata had the largest protocorm size among the three species, followed

by S. kimballiana var. angustifolia. Difficulty in germination was observed in

S. tomentosa as shown by the unsynchronized growth and varied sizes of the protocorms.

Some embryos did not germinate.
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Under laboratory condition (in vitro), the most common problem was

contamination. Contaminated cultures should not be opened until it was decontaminated

on autoclave to avoid more contamination inside the laboratory. Contamination rate was

also affected by temperature; the malfunctioning of the air conditioning unit in the

laboratory increased the contamination rate. The greatest problem of contamination

encountered was the subliminal contamination in 20 Gy mother flask of S. tomentosa.

Cassells (1991) cited that subliminal contamination cannot be detected yet by the

observations carried out in a laboratory, latent or subliminal microorganisms may be

rapidly expressed on transfer to new media. A day after reflasking operation was done; it

was observed that all 20 Gy vessels of S. tomentosa got contaminated. A gradient in

contamination in the laboratory was also observed. It was most prevalent from the wall

which affected most of the third replicates especially in S. kimballiana var. angustifolia

(0 Gy and 30 Gy). More contamination was observed after acclimatization, when the

culture vessels were placed in the screenhouse or outside the laboratory.

After irradiation, it was observed in S. plicata that the death of the irradiated

protocorms was slow until the data gathering period. Two months after irradiation, signs

of death have become visible in S. kimballiana var. angustifolia. Three weeks after

irradiation in S. tomentosa, it was observed that its protocorms are larger than the other

two species but after more than six weeks, extensive death occurred in irradiated

treatments.
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Growth Parameters

Percent Mortality

Table 1 presents the average percent mortality of the three species of

Spathoglottis subjected to increasing dose levels of gamma radiation. Spathoglottis

tomentosa had the highest percent mortality among the three species, followed by S.

kimballiana var. angustifolia, while S. plicata had the lowest percent mortality of

14.87 %. It was also shown that orchid seedlings subjected to the highest dose level had

the highest percent mortality of 71.16 %.

Analysis of variance (Appendix Table lb) showed highly significant differences

on the species, dose levels and their interaction. Comparison among means revealed that

percent mortality was significantly influenced by the increasing dose levels ( 1 0 - 5 0 Gy)

of gamma radiation, and varied between species. It was indicated that SP have not

reached LD5o, while for SKA, the LD5o was almost at 20 Gy. ST was found to be the

Table 1. Average percent mortality of the three species of Spathoglottis at.varying
radiation dose levels

SPECIES
SP
SKA
ST

MEAN

+ SEM

0

o.ooh

3.66h

55.50;1

16.90'
±10.01

10

4.89C

I8.411'

95.06a

39.46y

±14.15

DOSE

20

17.57b

50.I2;1

33.84y

±7,92

LEVELS
30

18.66°

79.17h

100.00;1

64.29X

±13.73

(Gy)
40

23.74°

89.731'

100.00a

70.44w

±11.96

50
24.36b

96.81"

I00.00:i

71.16W

±13.52

MEAN
14.87°

58.18b

92.02:i

+ SEM
±2.28
±9.05
±4.65

SP = Spaihoglutii.'iplicuia, SKA = Spathogloitis kiniballiaiui vnr. angustifoHa. ST = Spathoglottis tomeniosa.
Means in a column (;i. b. c) :ind in a row (w, x, y, z) not sharing common letter differ significantly at 5 % level by DMRT
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most sensitive to gamma radiation for it reached LDioo on the 30 Gy (Figures 8-13).

However it could be noted that even the 0 Gy of ST have reached more than the 50 %

mortality. Stewart (1992) stated that some orchids require more humid conditions than

others, and because plants imported from the wild have been difficult to establish, as in

the case of Cattleya dowiana which thrives along cliff edges in humid forests at

medium altitude that always have high humidity and plenty of air movement. The idea

was supported under laboratory condition by Kozai (1991) that when using a gas

permeable/microporous film (propylene) as closure, loss of water from the medium

and/or plantlets in vitro to the room air and resultant decrease in relative humidity in the

vessels may occur. Due to the air conditioner, the air in the culture room is always

dehumidified during the photoperiod.

On the study of Punzalan (2005) using S. plicata at two different life stages of the

planting materials, the culture medium used was Knudson C + 20 % coconut water + 5 %

tomato juice. Irradiation was done on six months old embryo cultured seedlings and on

mature fruits before inoculating in culture media. At the six months old seedlings, it was

observed that the survival rate was 45 % in the 0 Gy (control), 45 % on 10 Gy, 30 % on

20 Gy, and 25 % on the 30 Gy. On the other hand, using the irradiated fruits of S. plicata,

resulted that only on the 10 Gy dose level remained alive and those on higher levels are

already dead.
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Figure 8, Spathoglottis plicata in different dose levels

Figure 9. Spathoglollis plicata per dose levels: (A) 0 Gy, (B) 10 Gy, (C)
20 Gy. (D) 30 Gy,• (l£) 40 Gy, and (F) 50 Gy
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kinitiiilliiiiui var. ttnf>t/sti/o/tti

Figure 10. Spathoglottis kimballiana var. angnstifolia in different dose levels

Figure II . Spathoglottis kimballiana var. angustifblia per dose levels:
( A ) 0 ( i y . ( B ) 1 0 C i y , ( C ) 2 0 G y , ( D ) 3 0 G y , ( F ) 4 0 ( i y , a n d (1-) 5 0 C i v



29

Figure 12. Spathoglottis tomentosa in different dose levels

Figure 13. Spathoglottis tomentosa per dose levels: (A) 0 Gy, (B) 10 Gy,
(C) SO^Gy, (D) 40 Gy, and (E) 50 Gy
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Seedling Height

Table 2 shows the average seedling height per species in mm as affected by the

increasing dose levels of gamma radiation. S. plicata had the tallest seedlings among the

species, followed by S. tomentosa while S. kimballiana var. angustifolia had the shortest

mean. It could be observed that beyond the 10 Gy dose level that SP had shorter

seedlings than SKA. It could also be noted in the unirradiated seedlings that ST was

tallest. It was also shown that irrespective of the species, the shortest seedlings were at

the highest dose level.

Analysis of variance (Appendix Table 2b) indicated that there was no significant

difference between species, but had highly significant differences among the dose level

treatments and their interaction effects. Comparison among means revealed that

seedling height was significantly affected by increasing dose levels of gamma radiation,

while the difference among species was at a narrow interval. Compared with the control,

the growth in height of the irradiated protocorms was inhibited by the increasing dose of

Table 2. Average seedling height (mm) of the three species of Spathoglottis at varying
radiation dose levels

__j_JBOSJEJLEVELS_(Gx)_

SPECIES 0 10 20 . 30. __40 50 MEAN+ SEM
SP 48~67C 24.I31' 15~27a 4.60a 3.90a 2.57a 16.52a±3.98
SKA 34.35b 22.60'1 15.51a 10.35a 6.40a 4.03a 14.69a±2.33
ST 59--°°a 1(X.9?b -— 13T 7Ar J>-5f 1 5 - 9 3 a ± 5 - 5 0

MEAN 47.53W 19.23X 15.39X 7.08y 5.99y 3.86y

+ SEM +4.62 +2.57 ±2.05 +0.91 +0.59 ±0.46

SC Sp<iilii>}iloiiis plictiia, SKA -- Spathogloitis kinihalliana var. angusiifoliei, ST = Spatliogfotiis lonwiiiosa.
Means in a column (a. b, c) ami in a row (w, x, y,) not sharing common letter differ significantly at 5 % level by DMRT
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radiation. There was a visible decrease in height as the dose level was further increased

(Figures 14, 15 and 16; each of the smallest squares is equal to 1 mm").

On the study of Hutabarat et al. (2004) for the effects of gamma rays on

protocorm-like bodies of Dendrobium jayakarta using. 60 Gy, 80 Gy, and 100 Gy dose

levels, visible reduction in plant height and root length was determined at the 80 Gy, and

smaller shoots without roots was observed at the 100 Gy.

Figure 14: Sample seedlings of Spathoglottis plicata
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•'igure 15. S;imple seedlings of Spathoglottis kimballiana var. angustifolia

Figure 16. Sample seedlings ofSpathoglottis- tomentosa
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Number of Leaves

Presented in Table 3 is the average number of leaves in each species as influenced

by-gamma radiation. S. kimballiana var. angnstifolia had the most number of leaves,

followed by S. plicata, and the least was S. tomentosa. It indicated that 10, 20, and 30 Gy

for SKA and at 10 and 20 Gy for SP more leaves were developed. However, further

increase in the dose level resulted to lesser number of leaves.

Analysis of variance (Appendix Table 3b) showed significant differences between

species, and highly significant differences among dose levels and their interaction.

Comparison among means revealed that the number of leaves was greatly affected by

gamma radiation and highly varied with each species. It was observed that there was an

increase on the average number of leaves at certain dose levels (e.g., 10 and 20 Gy) due

to the emergence of furcation, but there was a decrease as the dose level was further

increased.

According to the study of Punzalan (2005) on the irradiated six months old

seedlings of S. plicata, the plants on 10 Gy had significant increase in leaf number while

those on 30 Gy had significantly decrease.

Table 3. Average number of leaves of the three species of Spathoglottis at varying
radiation dose levels

SPECIES
SP
SKA
ST
MKAN
+ SEM

0
4.33a

4.70:i

3.70b

4.26X

±0.20

10
5.47b

7.00a

2.93C

5.13W

±0.65

DOSE LEVELS (Gy)

20
4.40b

6.33a

5.37W

±0.48

30 40
1.731' 1.531'

4.90a 2.53a

2.20" 2.20ab

2.70y 2.09z

±0.51 ±0.16

50
1.40"

1.93*
2.00a

1.75*
±0.11

MEAr>
3.14b

4.54a

2.57°

J +SEM
±0.40
±0.52
±0.23

SI' = Spailu>gtonis plicaui, SKA -= Sptiihoglotii.s kimballiana var. (wgitMifofia. ST = Spathoglotlis lonienlosa.
Menus in n column (a, b, c) and in :i row (w. x. y. z) not sharing common letter differ significantly al 5 % level by DMRT
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Number of Roots

The average number of roots as influenced by increasing dose levels of gamma radiation

in the three species of Spathoglottis is presented in Table 4. With the differences in

response to gamma rays, it was found that S. plicata had the most number of roots,

followed by S. tomentosa, and the least was S. kimballiana var. angustifolia. However,

the SKA only had an increased number of roots at 10 Gy, and at 30 and 40 Gy it had

several roots present compared to the other two species which already had no roots at all.

On the other hand, ST had more number of roots at 0 Gy than SP; but when gamma

radiation was introduced, there was a great decrease at 10 Gy and was totally inhibited as

radiation dose was further increased.

Analysis of variance (Appendix Table 4b) indicated that there was no significant

differences between species, but had highly significant differences among the dose level

treatments and their interaction. Comparison among means revealed that the average

number of roots of the three species was highly influenced by the increasing dose levels

Table 4. Average number of roots of the three species of Spathoglottis at varying
radiation dose levels

SPECIES
SP
SKA
ST
MEAN
+ SEM

0
4.20b

1.60c

7.20a

4.3 rw

±0.89

10
4.07a

2.33b

0.87°
2.42*

±0.27

DOSE LEVELS (Gy)

20 30
2.33a

l.07b

1.70y

±0.41

O.OO;1 '

0.80a

0.00a

0.20z

+ 0.14 +

40
o.oo a •
0.07a

0.00a

0.02z

0.02

50
o.ooa

o.ooa

o.ooa

0.00z

MEAN + SEM
1.77a±0.46
0.95a±0.24
1.61a±0.75

SI' • Spailiofiloitis plicala, SKA Spatlioglottis kimballiana var. aitgusiifolia, ST = Spathoglottis tomentosa.
Means in a column (a, li, c) atul in a row (w, x, y, z) not sharing common letter differ significantly at 5 % level by DMR'I
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of gamma radiation, and the differences among species mean were at very narrow

interval. The results indicated that as the radiation dose level increased, the number of

roots formed decreased until root formation was totally inhibited at 50 Gy.

The University of Arizona (1998) stated that roots typically originate from the

lower portion of a plant or cutting. They possess a root cap, have no nodes and never bear

leaves or flowers directly. The principal functions of roots are to absorb nutrients and

moisture, to anchor the plant in the soil, to furnish physical support for the stem, and to

serve as food storage organs. The structure and growth habits of roots have a pronounced

effect on the size and vigor of the plant, method of propagation, adaptation to certain soil

types, and response to cultural practices and irrigation. Hence, the absence of these

organs is detrimental to the plant.

Root Length

Table 5. Average root length (mm) of the three species of Spathoglottis at varying
radiation dose levels

p DOSE LEVELS (Gy)

_ _ _0_ _ 101 _ 20 30 40 50 MEAN + SEM
SP 32.67a 21.47" 9.57a 0.00a 0.00a 0.00a 10.62a + 3.13
SKA 15.45C 12.001' 3.60h 2.15a 0.20a 0.00a 4.16b+1.56
ST 18.75b 1.27° — 0.00a 0.00a _ 0.00a 3.18b±2.02

•MEAN 21.49W 11.58* . 6.58y 0 . 5 4 ' O 0 7 * 0~00*
+ SKM ±3.66 ±3.04 ±2.34 ±0.39 ±0.07

SI* ~ Spathoglottisplicata, SKA •- Spathoglottis kimballiana var. angiistifolia, ST = Spailwglottis tomentosa.
Menus in ;i column (a, b, c) and in ;i row (w, x. y, / ) not sharing common letter differ significantly at 5 % level by DMRT
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Table 5 presents the average root length in mm as affected by increasing dose

levels of gamma radiation. Among the three species, S. plicata had the longest roots,

followed by S. kimballiana var. angustifolia and S. tomentosa with the shortest. At 0 Gy,

ST has longer roots than SKA; but as gamma radiation was introduced, the roots tended

to become shorter. However, at 30 and 40 Gy of SP and ST, no roots were observed

while SKA had a few.

Analysis of variance (Appendix Table 5b) showed significant differences between

species, and highly significant differences among the dose levels and their interaction

effects. Comparison among means revealed that the average root length in each species

was greatly affected by the increasing dose levels of gamma radiation. It was noted that

as the radiation dose level was increased in each species, root length decreased until it

was diminished at 50 Gy.

As mentioned earlier, Hutabarat et a/. (2004) stated on their study for the effects

of gamma rays on protoconn-like bodies of Dendrobium jayakarta that visible reduction

in root length was determined at the 80 Gy, and there were already no roots at the iOO

Gy.
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Qualitative Characters as Effect of Radiation (Emergence of Mutations)

There were several qualitative characters observed as a response of the three

species of Spathogloitis to gamma radiation. These are: lack of pigments (albinism),

purple pigmentation, fork leaves, splitled seedlings (furcation), and multiple branching.

The summary of the emergence of mutations was presented in Table 6.

Table 6. Average percent emergence of mutations in the three species of Spathoglottis
as an cffccl of (he varying radiation dose levels

TREAT

SP -

SP -

SP -
SP -
SP -
SP -

SKA -

SKA -

SKA -
SKA -

SKA -
SKA -
ST -
ST -
ST -
ST -
ST -
ST -

SP =:Sfh«lkiv.l,

M ENT

OGv
10 Gy

20 Gy

30 Gv
40 Gy

50 Gy

OGy

1 OGy

20Gy
3OGy .

4 OGy

50Gy

OGy

10 Gy

20 Gy
30 Gy

40 Gy

50 Gv

<il/ix fllicaht.

a l b i n i s m i>iy

0.00
3.89.

.0.00

0.00

0.00

0.00

0.00

0.00

3.27
4.77

1.81

.0.62

0.00

1.23

0.00
0.00

0.00

0.00

SKA Sitiiilii'nli/iii.i k.

CHARACTERISTICS
forked furcation

mentation
leaves bi tri

0.00

0.00

0.00

0.00

0.00

0.00

0.00

2.75

0.00
0.00

0.00

0.00

0.00

0.00

. 0.00
0.00

0.00

0.00

0.00

35.66

0.00
0.00
0.00
0.00
0.00
2.18
0.00
0.00

0.00
0.00
0.00
1.23

0.00

0.00

0.00

0.00

0.00

36.48

3.86
0.00
0.00
0.00
0.00

13.42

14.55
7.52

0.60

0.00
0.00

1.73
0.00

0.00
0.00

0.00

0.00
0.00
0.88
0.00

0.00

0.00

0.00
3.63

3.27
2.89

0.00
0.00
0.00

0.00

0.00

0.00
0.00

0.00

wii'if.'i/jfolia, S 1 — SpitthtHiloitis fan]

multi

0.00
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A. Albinism

All of the three species have showed emergence of albino seedlings. S. plicata

and S. tomentosa had albino seedlings only at 10 Gy dose level while S kimballiana var.

angustifolia had the most number of albino seedlings which ranged at 20 to 50 Gy dose

levels(Figures 17d, 18b, and 20a).

As in animals, albinism in plants is caused by lack of pigments. However, in

plants the lack is fatal because the missing pigment is chlorophyll. Without chlorophyll,

the albino plant has no way to manufacture the food needed for survival and growth to

maturity (Zasada, 1980).

As stated in the FNCA Mutation Breeding Manual (2005), albino seedlings may

have no economic vaiues but for academic studies as in cell fusion experiments, it may be

a good visual marker which is a very good indication of successful mutagenic treatment.

As a visual gene marker, albinism emergence indicated that S. kimballiana var.

angustifolia was more tolerant to radiation as indicated by the emergence of albino

seedlings from 20 to 50 Gy while on S. plicata and S. tomentosa, it was limited only at

10 Gy.

B. Pigmentation

Purple pigmentation was observed only on the seedlings at the 10 Gy dose level

of S. kimballiana var. angustifolia (Figure 18a).

Palmer et al. (1988) stated that most plants of the Asgrow Seed Company's

mutable line of soybean {Glycine max) are chimeric for anthocyanin pigmentation. This
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line carries an unstable recessive ("mutable") allele of the w4 locus. The mutable allele

reverts at high frequency from the recessive form to a stable dominant form.

" Nonrevertant flowers on mutable plants exhibit the near-white phenotype typical of

plants homozygous recessive at the W4 locus. Mutable plants produce both entirely near-

white and entirely purple flowers as well as flowers of a mutable phenotype with purple

sectors on near-white petals. Similarly, hypocotyls of mutable plants have purple flecks

and stripes on an otherwise green background.

Maekawa (2002) cited that Reddy et al. (1994) identified cyanidin and peonidin

as a major and minor pigments of anthocyanin, respectively, and suggested that UV-B

irradiation activates Pl^w, resulting in anthocyanin induction.

It could be noted that 5". kimballiana var. angustifolia normal parent lacks the

anthocyanin pigments which gives purple color, so its appearance was probably induced

in the genes by gamma rays. This phenomenon proves the relationship of S. kimballiana

var. angustifolia to its counterpart species S. kimballiana. According to Holttum (1972),

5. kimballiana was a native of Borneo and has flowers that are pale clear yellow with

sepals strongly flushed with purple on the backs (not the petals), and the side lobes of the

lip very much withered. Further study on the next mutant generations of S. kimballiana

var. angustifolia may prove its taxonomic relationship with S. kimballiana.
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C. Forked Leaves

Forked leaves or leaves with splitted apex were observed at 10 Gy dose level in

each species. S. plicata had the highest percentage of forked leaves, followed by

S. kimballiana var. angustifolia, and 5". tomentosa had the least (Figures 17c, 18c, and

20b).

According to the study of Punzalan (2005) using the six months old seedlings of

S. plicata, forked leaves had been observed at the 10 Gy dose level.

D. Furcation

As stated in the Wikipedia, furcation was derived from the Greek word furca

which means to split (fork). The term was used as splitting of a single protocorm into

several seedlings and may occur as bifurcation (two), trifurcation (three), or multiple

furcation (four or more).

The emergence of bifurcation was observed on all of the three species of

Spaihoglottis. S. plicata had the highest percentage of bifurcated seedlings at its 10 Gy,

and 20 Gy. It was followed by S. kimballiana var. angustifolia which had bifurcation at

20, 10, 30, and 40 Gy respectively in decreasing order. S. tomentosa had the least

percentage of bifurcation at only 10 Gy (Figures 17a, 18d, and 20c).

Meanwhile, trifurcation was observed only in S. plicata and S. kimballiana var.

angustifolia. For S. kimballiana var. angustifolia, trifurcated seedlings were observed at

10 to 30 Gy, while for S. plicata, there was trifurcation only at 20 Gy (Figures 17b and

18c).
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The emergence of multiple furcation was observed only for S. kimballiana var.

angustifolia at 30 Gy (Figure 19a).

Lapade et al. (2004) stated that in the study of the effects of gamma irradiation on

cashew, the highest frequency of stem bifurcation was observed at 300 Gy followed by

200 Gy and none at 400 Gy.

Observation showed that there was higher percentage and wider range (10 to 40

Gy) in 5. kimballiana var. angustifolia compared to S. plicata (10 and 20 Gy) and

S. tomentosa (10 Gy only). It could be noted that in terms of furcation emergence, SKA

responded greatly to the action of gamma radiation.

The phenomenon of furcation is a good indication that more shoots could be

produced in these mutants than the normal ones.

E. Multiple Branching

Multiple branching is the formation of several branches along the main axis of the

stem.

The emergence of multiple branching was observed only in S. kimballiana var.

angustifolia at 20 and 30 Gy dose levels (Figures 19b, and 19c).



42

Figure 17. Sample mutations emerged from Spaihogiottis plicata:
(A) bifurcation, (B) trifurcation, (C) forked leaves, and (D) albinism

! . :\ '

, \ r..- 4

Figure 18. Sample mutations emerged from SpathoglotUs kimballiana var.
angit.slifolia: (A) pigmentation, (B) albinism, (C) forked leaves,
(D) bifurcation, and (H) Irifurcation
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:igure 1 9. Sample mutations emerged from Spathoglottis kimballicma var.
angustifolia: (A) multifurcation, (B) multiple branching at
20 Gy, and (C) multiple branching at 30 Gy

•igure 20. Sample mutations emerged from Spalhoglottis tomcnlosa:
(A) albinism, (B) forked leaves, and (C) bifurcation
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As Gregory (1967) had stated that the proper dose level of radiation varies with

the crop species; it was observed-that there was variation in response of the Spathoglottis

species to increasing dose levels of gamma radiation. This variation was influenced by

the individual phenotype of each species. Allard (1960) cited that the phenotype of an

individual is visualized as the sum of genotypic effect, environmental effect and their

interaction. Welsh (1981) stated that the genes cannot cause a character to develop unless

they have proper environment, and conversely, no amount of manipulation of the

environment will cause a characteristic to develop unless the necessary genes are present.

Thus, we should recognize in radiosensitivity studies that the variability among species is

also affected by the differences in the environment of their natural habitat from which

they are collected.
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SUMMARY, CONCLUSION AND RECOMMENDATIONS

Summary

The experiment was conducted in the laboratory and acclimatized in the

screenhouse of the Philippine Nuclear Research Institute, Commonwealth Avenue,

Diliman, Quezon City as a preliminary step in mutation breeding study of the three

species of ground orchids namely Spathoglottis plicata, S. kimballiana var. angnstifolia,

and S. tomentosa. It aimed to compare the effects of varying dose levels of gamma

radiation applied to germinated embryos (protocorms) of the three species. Also it sought

to determine the respective lethal dose, and their optimum dose or the dose level that will

lead to production of more mutants. Contents of the fruits of the three species were

germinated into protocorms in artificial culture medium (V2 Murashige and Skoog plus

Nitsch and Nitsch vitamins, young coconut water, sugar and ANAA) and irradiated at 10

Gy, 20 Gy, 30 Gy, 40 Gy, and 50 Gy.

Based on the parameters -taken, it could be noted that as the dose level increases,

percent mortality also increases While plant height, number of roots and root length

decreases. It was noted that there was an increase in number of leaves at certain dose

levels due to the emergence of furcations, but further increase in the dose levels of.

gamma radiation decreases the number of leaves.

Quantitative characteristics such as albinism, purple pigmentation, forked leaves,

furcation, and multiple branching were also observed as a response of the three species to

different dose levels of gamma radiation. Most of these characters may serve as marker

for the alteration that had taken place at the gene level in each species. Results of the
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study indicated that the five parameters have highly significant differences as affected by

the increasing dose levels of gamma radiation and their interaction effect. The number of

leaves and root length showed significant differences among species, while plant height

and number of roots have no significant differences in the species.

Conclusion

It was noted that the three species studied have varying radiosensitivity.

S. tomentosa was the most radiosensitive among the three species having the highest

percent mortality, and it also had the least occurrence for leaf production and roots

formation as affected by mortality. It was followed by the highly adaptable species, S.

plicata. The least radiosensitive species was S. kimballiana var. angiistifolia which

developed roots even at 30 Gy and 40 Gy, greatest increase in number of leaves at 10 Gy

to 30 Gy attributed to the highest emergence of furcations, along with other qualitative

characteristics such as albinism, multiple branching, and it has the emergence of purple

pigmentation alone.

The lethal dose was not fully determined under in vitro condition because some

$rotocorms were still alive during the duration of the study that might not survive under

natural (in vivo) conditions, due to the absence of roots. Thus, root formation contributes

to the determination of optimum dose.

The optimum dose level range for each individual species tested varies as: in

between 10 Gy to 20 Gy for 6". plicata, in between 10 to 30 Gy for S. kimballiana var.

angustifolia, and below 10 Gy for S. tomentosa.
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Recommendations

Based from the results of the study and experience of the researcher, the following

were recommended for:

a) Preparation of culture media.

(1) try adjusting the moisture content of the culture by decreasing the agar

(2) try decreasing the porosity of the cover of the vessels by increasing the

layers of microporous films or cover used (this might affect the exchange of

gases that may result in suffocation of the protocorms or seedlings)

b) Condition of the laboratory.

(1) control the humidity of the laboratory if the equipment needed are

available as what Kozai (1991) cited that in such circumstances, one can use

an ultrasonic humidifier with a humidistat which produces fog to increase

the humidity that should be maintained lower than 80 % to minimize the

growth of fungi on the surface

c) Experimental set-up.

(1) increase replications to minimize the errors of the study especially due to

unexpected outbreak of contamination

It is further recommended to continue the study into mutation breeding for further

screening of the next generations of the samples produced to select desirable and stable

mutants. Further screening on the next generations might develop mutant varieties of

Spathoglottis with:

a) better aesthetic value

b) wider adaptability
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c) non-seasonal flowering

In starting a mutation breeding study for any of the individual species tested, it

could be recommended to use the optimum dose level range determined as their basis.
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GLOSSARY

acute exposure - exposure to a large, single dose of radiation, or a series of doses,

for a short period of time. This type of exposure is contrasted

with longer, continuous exposure over time (chronic exposure).

albinism - a phenomenon caused by lack of pigments, in plants the missing

pigment is chlorophyll

embryo culture - isolation and culture of embryos before abortion sets in; a primary

means of obtaining viable seedlings

forked leaves - leaves with splitted apex

furcation - derived from the Greek word furca which means to split (fork)

Gray - a unit of measurement for radiation, abbreviated Gy;

1 Gy = 100 rad

irradiation - exposing cells, tissues, organs, organisms or materials to the

high energy particles that disrupts and transforms chemical

bonds, sueh as ionizing radiation of X-rays, gamma rays, etc.

lethal dose - the dose level for which most of the plant materials will die

multiple branching - formation of several branches along the main axis of the stem

mutation - a sudden variation or genetic alteration in a species

Ml - the first mutant generation of plants

optimum dose - the dose level that will lead to the production of more mutants

protocorms - the swollen green germinated orchid seed prior to production of

leaves
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protocorm-like bodies- the mass of cells formed during meristem propagation as a

precursor to plantlets which are propagated using tissue culture

techniques

radiosensitivity - the response or the relative susceptibility of cells, tissues, organs,

or organisms to the harmful effects of ionizing radiation

Spathoglottis - a genera of ground orchid which is common to the Philippines,

flowers may vary from shades of violet, yellow and white



APPENDICES
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Appendix A. Culture Media Preparation

To support the artificial growth of embryos, a sterile artificial culture medium

with sugars and other nutrients was prepared.

'/i Murashige and Skoog medium plus Nitsch and Nitsch vitamins, young coconut

water, sugar, and naphthalene acetic acid Was prepared for the germination of the

Spathoglottis embryos.

1. The appropriate amounts of the different stock solution of Murashige and

Skoog nutrients (divide macronutrients in half) was measured and mixed in a

container. The nutrients needed were as follows:

Chemical
Macronutricnts

Potassium nitrate
Ammonium nitrate

Calcium chloride
Magnesium sulfate
Potassium phosphate monobasic
Sodium ethyl ene-diarninetetra-
acetate

Ferrous Sulfate
•Micronutricnts

Manganese sulfate
Zinc sulfate

Boric acid
Potassium iodide

Sodium molybdate
Copper sulfate

Cobalt chloride

Symbol

KNO3

NH4NO3

CaCl2.2H2O
MgSO4.7H2O

KH2PO4

Na2EDTA

FeSO4.7H2O

MnSO4.H2O
ZnSO4.7H2O

H3BO3
KI

Na2MoO4.2H2O
CuSO4.5H2O ,

CoCI?.6H2O

Amount (g/L)

1.900000
1.650000

0.440000
0.370000
0.170000

0.037300

0.027800

0.016700
0.008600

0.006200
0.000830

0.000250
0.000025

0.000025
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2. Then the Nitsch and Nitsch vitamin solution was added composed of the

following vitamins:

Chemical

d-Biotin
Folic Acid
Glycine
Nicotinic Acid
Pyridoxine hydrochloride
Thiamine hydrochloride
Myo-Inositol

Symbol

C10H16N2O3S '
C|9H,9N7O6
C2H5NO2
C6H5NO2

C8H,iNO3.HCl
C12H17CIN4OS.HCI

C6H|2O6

Amount (mg/L)

0.05
0.50
2.00
5.00
0.50
0.50

100.00

3. Next, 0.5 ppm of alpha naphthalene acetic acid was also added.

4. The 200 mL coconut water from young coconut was poured; and 30 g refined

table sugar was dissolved in the solution.

5. The volume was brought to 1 liter and then the pH was adjusted to 5.5-5.6

with 0.1 NKOHorHCl.

6. The 5 g agar powder was mixed and cooked for 40 minutes until the solution

becomes clear.

7. The cooked media was dispensed into the culture vessels.

8. The culture.vessels (ketchup bottles) were covered with autoclavable

polypropylene plastic sheet and sterile paper and secured with autoclavable

rubber band.

9. Finally, it was sterilized for 15 minutes at 15 psi and 121 °C in an autoclave.
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Appendix B. Steps in Embryo Culture

1. The fruits, nutrient medium, petri dishes, forceps and scalpel were placed in the

laminar flow chamber.

2. In a sterile petri dish, the fruits were sterilized by dipping in 95 % ethyl alcohol

and flaming over an alcohol lamp three times.

3. The scalpel was sterilized similarly before using.

4. A cross-sectional cut in the middle of the fruit was made depending upon which is

more convenient. The contents were scraped off with the sterile scalpel and

dropped into the culture medium.

5. The culture bottles were covered immediately and incubated for 9 hours of

fluorescent light at 22-28°C per day.

Appendix C. Steps in Reflasking

The nutrient media was prepared before irradiation and reflasking of the protocorms.

1. The culture vessels with irradiated protocorms were sprayed with 85 % ethyl

alcohol before placing inside the sterile transfer chamber together with fresh

nutrient media, a long handled spatula, alcohol lamp, and a bottle with 95 %

alcohol.

2. The culture bottle containing the protocorms were opened and placed in a

horizontal position placing the mouth above the flame.
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3. The long handled spatula was sterilized by dipping in 95% ethyl alcohol and

flaming over the alcohol lamp three times.

4. The cover of the fresh nutrient medium was removed, and the protocorms were

scraped out from the culture bottles, dropped and spreaded into the fresh medium.

5. The culture vessel was covered and procedures 2-4 were repeated until all

protocorms were transferred.

Appendix D. Steps in Deflasking

1. The culture vessel was uncovered and the seedlings were separated and pulled

gently with a long handled spatula. In cases where there were protocorms, these

were also collected in a basin.

2. All adhering agar were washed out from the seedlings/protocorms by spraying

with distilled water.

3. Excess moisture was drained by placing in a paper/plastic box and the data

needed for the study were observed and gathered.
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Appendix Table 1 a. Percent mortality of the three species of Spathoglottis at varying
radiation dose levels

TREATMENT

A1B1
A1B2
A1B3
A1B4
A1B5
A1B6
A2B1
A2B2
A2B3
A2B4
A2B5
A2B6
A3B1
A3B2
A3B3
A3B4
A3B5
A3B6

BLOCK
I
0.00
8.57

18.42
19.51
21.43
22.64
4.88

22.92
58.00
83.33
87.04
94.12
58.62
85.19

100.00
100.00
100.00

II
0.00
3.33

18.60
20.93
25.64
23.52

2.44
20.41
36.36
75.00
89.29
96.30

100.00

100.00
100.00
100.00

III
0.00
2.78

15.69
15.55
24.14
26.92

11.91
56.00

92.86
100.00
52.38

100.00

100.00
100.00

TOTAL
0.00

14.68
52.71
55.99
71.21
73.08
7.32

55.24
150.36
158.33
269.19
290.42
111.00
285.19

300.00
300.00
200.00

AVE.
0.00
4.89

17.57
18.66
23.74
24.36
3.66

18.41
50.12
79.17
89.73
96.81
55.50
95.06

100.00
100.00
100.00

Appendix Table lb. Analysis of variance for percent mortality of the three species of
Spathoglottis at varying radiation dose levels

sv
Block
Main plot (A)
Error (a)
Subplot (B)
A x B
Error(b)
Total

df

2
2
4
5
9

24
46

SS

5̂ 94
18354.33

46.42
9538.15
2926.64

279.19
34605.22

MS

2.97
9177.16

11.60
1907.63
325.18

11.63

Fc

790.66**

163.98**
27.95**

Pr>F

0.0001

0.0001
0.0001

The values presented was adjusted using aresine square root percentage transformation III
CV(a) - 7.54 % CV(b) = 7.53 % •

* * = sisMiifiennl at I % level



60

Appendix Table 2a. Average seedling height (mm) of the three species of Spathoglottis
at varying radiation dose levels

TREATMENT

A1B1
A1B2
A1B3
A1B4
A1B5
A1B6
A2B1
A2B2
A2B3
A2B4
A2B5
A2B6
A3.B1
A3B2
A3B3
A3B4
A3B5
A3B6

BLOCK
I

48.40
24.20
10.60
4.20
4.20
2.50

29.60
15.20
10.80
8.60
7.70
4.30

69.80
17.40

7.50
7.00
5.00

II
50.40
21.80
22.00
4.60
3.60
2.80

39.10
28.40
21.13
12.10
5.60
3.70

7.30

•6.90

7.90
.6.10

III
47.20
26.40
13.20
5.00
3.90
2.40

24.20
14.60

5.90
4.10

48.20
8.20

7.70
8.10

TOTAL
146.00
72.40
45.80
13.80
11.70
7.70

68.70
67.80
46.53
20.70
19.20
12.10

118.00
32.90

22.10
23.00
11.10

AVE.
48.67
24.13
15.27
4.60
3.90
2.57

34.35
22.60
15.51
10.35
6.40
4.03

59.00
10.97

7.37
7.67
5.55

Appendix Table 2b. Analysis of variance for average seedling height (mm) of the three
species of Spathoglottis at varying radiation dose levels

sv
Block
Main plot (A)
Error (a)
Subplot (B)
A x B
Error(b)
Total

df

2
2
4
5
9

24
46

SS

3.11
33.28

192.55
9097.43
934.94
385.02

11352.44

MS

1.55
16.64
48.13

1819.48
103.88
16.04

Fc

0.35ns

113.42**
6.48**

Pr>F

0.7270

0.0001
0.0001

CV(ii) -1-1.10% CV(I>) 25.46%
** - signilk-mt nl I % level
us = not significant
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Appendix Table 3a. Average number of leaves of the three species of Spathoglottis at
varying radiation dose levels

TREATMENT

A1B1
A1B2
A1B3
A1B4
A1B5
A1B6
A2B1
A2B2
A2B3
A2B4
A2B5
A2B6
A3B1
A3B2
A3B3
A3B4
A3B5
A3B6

BLOCK
I

4
5.6

4
1.4
1.4
1.4
4.2
6.2
6.6
5.4
2.4
1.8
3.8
4.4

• —

2.2
2.2

; 2

II
4.4
5.4
5.2
1.6
1.6
1.6
5.2

8
6.6
4.4
2.8

2
._.

2.2
„ _

1.8
2
2

III
4.6
5.4

4
2.2
1.6
1.2
. . .

6.8
5.8
—

.2.4
2

3.6
2.2
. . .

2.6
2.4
—

TOTAL
13

16.4
• 13.2

5.2
4.6
4.2
9.4
21
19

9.8
7.6
5.8
7.4
8.8
—

6.6
6.6

4

AVE.
4.33
5.47
4.40
1.73
1.53
1.40
4.70
7.00
6.33
4.90
2.53
1.93
3.70
2.93

. . .

2.20
2:20
2.00

Appendix Table 3b. Analysis of variance for average number of leaves of the three
species of Spathoglottis at varying radiation dose levels

sv

Block
Main plot (A)
Error (a)
Subplot (B)
A x B
Eiror(b) .
Total •

df

2
2
4

• 5

9
24
46

SS

0.11
16.42

1.83
91.43
22.36

6.54
152.23

MS -

0.05
8.21
0.45

18.28
2.48
0.27

Fc

17.90*

67.04**
9.11"

Pr>F

0.0101

0.0001
0.0001

CV(a) = 19.58 % CV(b) = 16.00 %
** = significant at 1 % level
* = significant at 5 % level
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Appendix Table 4a. Average number of roots of the three species of Spathoglottis at
varying radiation dose levels

TREATMENT

A1B1
A1B2
A1B3
A1B4
A1B5
A1B6
A2B1
A2B2
A2B3
A2B4
A2B5

• A2B6
A3B1
A3B2
A3B3
A3B4
A3B5
A3B6

BLOCK
I

3.8
3.8
1.6

0
. 0

0
1.8
1.8
0.8

1
0.2

0
8

2.4

0
0
0

II
4.2
4.2
3.4

0
0
0

1.4
2.6
1.8
0.6

0
0

—

0
._.

0
0
0

III
4.6
4.2

2
0
0
0

—
2.6
0.6
...

0
0

6.4
0.2
_._

0
0

—

TOTAL
12.6
12.2

7
0
0
0

3.2
7

3.2
1.6
0.2

0
14.4
2.6

0
0
0

AVE.
4.20
4.07
2.33
0.00
0.00
0.00
1.60
2.33
1.07
0.80
0.07
0.00
7.20
0.87

—
0.00
0.00
0.00

Appendix Table 4b. Analysis of variance for average number of roots of the three
species of Spathoglottis at varying radiation dose levels

SV

Block
Main plot (A)
Error (a)
Subplot (B)
A x B
Error(b)
Total

df

2
2
4
5
9

24
46

SS

"0.18
3.64
2.40

108.29
43.03

6.00
172.29

MS

0.09
1.82
0.60

21.65
4.78
0.25

Fc

3.04ns

86.58**
19.11**

Pr>F

0.1576

0.0001
0.0001

CV(;i) = 56.92 % CV(b) = 36.73 %
** = significant at 1 % level
us • not smnitlcant
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Appendix Table 5a. Average root length (mm) of the three species of Spathoglottis at
varying radiation dose levels

TREATMENT

•A1B1
A1B2
A1B3
A1B4
A1B5
A.1B6
A2B1
A2B2
A2B3
A2B4
A2B5
A2B6
A3B1
A3B2
A3B3
A3B4
A3B5
A3B6

BLOCK
I

25.40
18.60
7.70
0.00
0.00
0.00

17.20
7.50
2.00
1.20
0.60
0.00

23.80
3.60

0.00
0.00
0.00

II
36.60
23.60
16.80
0.00
0.00
0.00

13.70
13.80
7.70
3.10
0.00
0.00

0.00

0.00
0.00
0.00

III
36.00
22.20

4.20
0.00
0.00
0.00

14.70
1.10

0.00
0.00

13.70
0.20

0.00
0.00

TOTAL
98.00
64.40
28.70

0.00
0.00
0.00

30.90
36.00
10.80
4.30
0.60
0.00

37.50
3.80

0.00
0.00
0.00

AVE.
32.67
21.47
9.57
0.00
0.00
0.00

15.45
12.00
3.60
2.15
0.20
0.00

18.75
1.27

0.00
0.00
0.00

Appendix Table 5b. Analysis of variance for average root length (mm) of the three
species of Spathoglottis at varying radiation dose levels

sv

Block
Main plot (A)
Error (a)
Subplot (B)
A x B
Error(b)
Total

df

2
2
4 .
5
9
24
46

SS

31.93
404.42

86.78
2320.89
980.89
244.49

4628.45

MS

15.96
202.21
21.69

464.17
108.98

10.18

F c

9.32*

45.57**
10.70**

Pr>F

0.0312

0.0001
0.0001

CV(;i) - 73.22% CV(b) = 50.17 %
** significant ill I % level
* - significant ;il 5 % level
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Appendix Figure 1. The PNRI Laboratory where the experiment was
conducted (air conditioning unit and laminar (low chamber)

Appendix Figure 2. The PNRI Laboratory where the experiment was
conducted (culture .shell)
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Appendix Figure 3. I3ottlcs of Spaihoglottis at the culture shelf of the laboratory

Appendix Figure 4. The main building of PNRI
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Appendix Figure 5. The author at the gate of'PNRI

Appendix Figure 6. The author and his thesis co-adviser at PNRI screenhouse
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