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ABSTRACT

Studies on factors influencing in vitro tuber growth and development, and
internal changes were carried out in Pecteilis sagarikii Seidenfaden, an endemic
terrestrial orchid of Thailand. They were divided into three parts. The first part was
on the effects of some chemicals and physical factors, i.e. sucrose, coconut water,
IAA, BAP and illumination condition on growth and in vifro tuberization of the
protocorm-derived plantlets. It was found that the plantlets could spontaneously form
their tubers in vitro, while the various tested factors played roles to promote and/or
inhibit tuber initiation, growth and development. Sucrose was important source of
carbon skeleton and energy to supply for tuber growth and starch accumulation, and
also influenced the osmotic potential of the culture medium resulting in tuber growth.
Coconut water, being sources of plant growth promoters and sugars, stimulated starch
accumulation in the tuber, and also acted synergistically with BAP on the tuber
formation and growth, including protocorm-like bodies formation. BAP at low
concentrations, 0.01 - 0.10 mg/l showed no significant effects on tuber formation and
growth, but reduced formation percentages of the oval-shape tubers, resembling the
tuber shape in nature, and also reduced starch accumulation; while BAP at higher
levels, 0.5 - 2.0 mg/1 suppressed tuber formation. IAA at the tested concentrations,
i.e. 0.01, 0.10 and 1.00 mg/l had no significant effects on shoot and tuber growth, but
reduced the oval-shape tuber formation percentages. In addition, IAA resulted in
increasing total soluble sugar in tuber, and the highest IAA concentration increased
starch accumulation in the tuber. Illumination played important roles on tuber growth
and shape. The cultured plantlets formed the oval-shape tubers in the dark condition
more than in the light condition. The artificial lighting supported the plantlets to
produce in vitro photosynthetic sugar to partially compensate the external sucrose
supplement in the culture medium. The lighting resulted in increasing starch
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accumulation in shoots and protocorms, but the overall starch accumulation in tubers
was better in the dark condition.

The second part was the histological study on tuber formation in both
protocorm-derived plantlet and mature plant. It was found that tuberization processes
in both plant materials could be divided into 4 stages, i.e. 1) The formation of a tuber
primordium, 2) The extension of the tuber primordium, 3) The formation of a tuber-
shoot bud, and 4) The enlargement of the tuber. The origins of the tuber primordia in
the protocorm-derived plantlet and the mature plant were different. In the protocorm-
derived plantlet, a tuber primordium originated from its apical meristem with a new-
formed tuber tip primordium at the lower part; while in the mature plant, it originated
from the adventitious bud at one side of the basal part of the plant monopodial stem in
the vegetative stage. Interestingly, the tuber primordium of the mature plant started to
grow when the mother plant developed into the pre-flowering stage, and then
developed markedly when the plant entered the flower formation stage. The tuber
primordium with young leaf primordia grew in the geotropic direction forming a tuber
stalk with a narrow hollow inside. At an optimum depth, the upper meristem grew
negatively against the geotropic force and produced new leaf primordia, covering it to
form a tuber-shoot bud in a cavity inside the tuber stalk. While the lower meristem
continued to grow geotropically and increased in tuber size, forming a complete tuber.

The third part of the studies was on the changing of internal macro elements,
free amino acids and some growth regulators, i.e. JAA and ABA, in mature plants
during tuberization. It showed that the concentrations of nitrogen, potassium, calcium
and magnesium increased from the dormancy stage to the vegetative stage and
slightly decreased in the pre-flowering stage both in shoots and tubers; except the
potassium concentration in shoots and the magnesium concentration in tubers, which
slightly increased in the pre-flowering stage. But the magnesium concentration in
shoots did not change during the vegetative to the pre-flowering stages. The
concentration of phosphorus in tubers increased while sprouting, and decreased when
the plants were in the vegetative and pre-flowering stages both in tubers and shoots.
Analyses of free amino acids showed that the asparagine was the dominant free amino
acid in all plant organs, at different stages of development. While the arginine and
anserine were the second dominant free amino acids. Analyses of some growth
regulators showed that concentrations of free IAA and free ABA in shoots decreased
from the vegetative stage to the pre-flowering stage. But both substances from the
tuber samples could not be analysed from the used technique.



