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CHAPTER I  

IHIRODUCTIOH

The Orchids belong to one of the largest families of 

flowering plants (Orchldaoeae) comprising of more than

30,000 species and exhibiting m inoredible range of diversity 

in size, Shape and colour of flowers*

The oldest record on orchids comes from China* However* 

enicleat -Greeks were the f ir s t  to take note of these strange 

plants* Theophrastus gave the name orchids to these plants 

in 370-283 B*0« Indian Vedic scriptures also l i s t  orchids 

as "Vanda” which also Include a ll  the other known epiphytes*

Though orchids are found everywhere* majority of the 

cultivated orchids are native to tropical countries and occur 

In their greatest diversity in humid tropical forests of 

South and Central America, India, Ceylon, Burma* China* Thailand* 

Holysia and Brasil* The Indian Dendrobium and Cvmbidluma* 

Mexican Paellas and Brazalien Cattlevas have contributed a 

lo t in  the development of present day hybrids (more than
z'

30*000)* India has about 1600 species scattered in Himalayas
^  -  ,

end Western ghats*

The smallest orchid Brio, -puetlla Is hardly one >

centimeter while the largest Galoola f  nlconeri is  2.5 to 3

meters; The plants are having wide variations .in growth and

other characterlstics* This necessitates numerous adaptive 
characteristics. Growth habits* nature of growth* form* colour
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end ahcpe-which are a ll  the results of adaptations* Some 

orohids contain no chlorophyll* and are saprophytlo in nature 

(Epinigon anhvlla and. Coralorigha Inn at a) •

In the evolutionary history, orchids represent the 

most highly evolved group among monocotyledons as proposed 

by Broun (1931) and also by Darwin (1877)* The bo  plants were 

probably derived from primitive plants whose flowers resembled 

the lily *

She common method of propagation of orohids is  by 

division, the monopodial orohids however ore d ifficu lt to 

propagate by vegetative means* They have single growing 

tip and do not produce pseudobulb or helkis. Barge seotlons 

with roots are also used for propagation*

She orchid seed germination is  the most Interesting 

adaptive feature* She process of seed germination was noted 

quite accidentally by Bernard In 1899* He found that orchid 

seeds germinate only when they are inf eoted by some fungus* 

Subsequent observations showed that tropical epiphytic orchids 

also require infection by a fungus fo r germination (Ho Dougal, 

1899)* Immediately further Investigations were mode to study 

the effect of fungus on orchid seeds, seedlings and mature

plants (Burgeff, 1909)* A group of fungi were in it ia lly  found
' - " *

responsible for seed germination and they were named as 

OrcheonycoB (Burgeff, 1909)* Bator it  was found that many 

more fungi were responsible for seed gemination, Which include



ffliignn-fconi .̂ Cortlclum, j\millarla. Fomes. Phytophthora,

PenolIlium, Asperglllusl Trichoderaa and othere. Shese fungi 

were chiefly responsible fo r breaking down complex starch 

Into a in ole sugars fo r the germinating seeds*

She work of Knud son, (1922) showed, for the first  time 

that germination of orchid seeds would be possible In vitro 

without the assoc iation  of fungi* Subsequently a number of
i *

media were developed by many investigators* So date atleast 

25 different media are known and ere used for the orchid seed 

gemination. Modification on a particular recipe Is  also 

proposed for a given genus or species and Improverised by 

the addition of various growth adjuncts to the medium such 

as different micro elements* growth hormones, coconut milk, 

tomato juice, banana extract, fru it Juices and such others*

Morel In 1960 firs t  reported that It  Is possible to 

culture Shoot apices of orchids to get virus -  free plants* 

She technique has been further Improved to produce hundreds 

of plants from a single bud* Presently this technique Is  

being widely applied to produce selected clones o f Ovmbldlum. 

Oattle.va* Dendrobium and Vanda fo r the flower trade* She 

polyploid forms of Cymbidlum. Qattle.va end Phalaenopsis ere 

also multiplied by the meristem culture technique.

She tissue culture techniques enables the growers 

to produoe large number of plantlets whioh are genotypically 

and phenotypic&Lly similar to the mother plant.

3
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SiiQ development of embryo In many ingio sperms has been 

described morphologic ally  but very l i t t le  work has been done 

on Orchids especially regarding tho histoohemioal aspects of 

seed development* Chore Is very -little  information about the 

chemical changes which take place in the embryo and tissue 

development* An investigation to these changes w ill serve to 

enhance our present understanding of the biochemical relation­

ship existing In seeds and tissues during morphogenesis*

Karyotyplo instability is  a most common phenomenon 

In plant tissue culture, the general observation Is  that the 

chromosome number in ce ll cultures Is  not stable but is  subject 

to variation usually through 'the process of endoreduplication 

and nuclear fusion (D'Amato, 1975)* Variation in chromosome 

number can also be due to spindle abnormalities and chromosome 

fragmentation.

I t  i s  a well known, fact that plant ce ll cultures 

generates wide genetic variability which can bo put to different 

uses in plant improvement.

Considering a l l  these aspects the present study 

was undertaken with the following objectives*
i ’ ' 1

1. Ho standardise various nutrient media fo r the germination 

of selected species of orchids including Xndlai species*

2* To determine the of foot of different growth regulators 

and adjuncts along vl-th the media in the germination of, 
orchid seeds*
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3. Ho standardise rapid multiplication of selected orchid 

speoies through tissue culture using vegetative parts 

such as leaf , shoot,root#flower stalk,offshoots or keikls.

4* Ho standardise the media for callus fora at ion and 

differentiation of tissues.

' 9* Ho study the effects of different adjuncts individually 

and in combination on tissue culture of orchids.

6. Ho study the oytological variations and hlstoGhemical 

changes in the cells of the tissues raised through 

tissue cultures.
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CHAPTER IX

REVIEW OF HTERAHURE

2.1 Origin, end history

Theophrastus (370- 289 B«C) who is  often called 

father of botany was firs t  to give the name "Orchids" from 

the Greek word "Orchis", on the basis of the resemblence 

of paired underground tubers of these plants to the testicles* 

This was finally  retained and adopted by Idnnaeus in his 

speoieo Plantarum (1836). Indian Vedic scriptures also 

mention about these plants under the name "Vanda", the 

Sanskrit name for epiphytic plants. The name has now been 

adopted as a generla name of one of the most beautiful 

monopodial group of orchids.
i

The orchid plant with its  wide variations in growth,

flowering, seed production and germination has got mmy

adaptive characteristics. The most suitable example for

the adaptive feature is  the physiology of orchid seed

germination. The f ir s t  published description of an orchid

seed is  by Theophrastus (Salisbury, 1804)* I t  was later
,

found that the seeds gezminated in the natural condition 

only when infected by a fungus (Mycorrhlzal association) 

(Bernard, 1899)* However, Knud son (1922) could germinate
i' - i ■

orchid seeds in an artiflo ia l medium. A detailed review 

of work on orchid seed germination was compiled by Arditti
i

(1967) and later in 1977-



7

Some of the recent Indian publications on Orchids 

also deal with their culture* (Bose and Bhattacharjee, 1980
I  ■ r » '

and Abraham and Vateala, 1981) •' ■

2.2 Seed germination „

She seed germination in orchid is  a complex process*

A single oapsule produces severed. millions o fvseeds, however 

the percentage of germination and number of plants developed 

are very low due to lack of cany functional endosperm*

In orchids, the germination aid development of a 

seedling is  not like In any other angiosperm. She rudimentary 

embryo enclosed in ihe seed coat develops like a dormant 

bud. In the process of development* the seed may or may not 

develop ohlorophyll, but it  swells in else and burst out of 

the seed coat. A cone shaped spherical seedling is  formed 

and this i s  colled protocorm stage (Bernard, 1909)* She 

f irs t  leaf prlmordia is  formed as a bulge and the protoooxm 

increase in size and subsequently rhIsolds, leaf prlmordia 

are formed (Arditti andBiHa, 1965) •

1 1

She process of germination proceeds symbloti oally
1

in nature, with the association of some root fungus and 

aaymbiotically in asoptio conditions. She significance of 

fungus and its  Importance wae well estahUehed by Bernard 

(1699)* He found that the fungal infection vac necessary 

for germination. Some of the fungi isolated from orchid 

roots includes Bhizootonia (Buperrex, 1961)* Corticium;
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(Downie, 1957)* Acnillarla? (Burgeff, 1959? Campbell, 1962),

Other fungus isolates were Bhvtonhthore. Penelllium. Aspergillus 

and fEtchoSenna (Curtis, 1959)

2.2.1 Hature of seed

Orchid seeds are very minute weighing 0.5 to 14 )ig 

(Barley, 1951) end measure from 0.25 to 1.2 mm in length (Hoene, 

1949) and 0.090 to 0.270 mm in width (Arditti, 1967). Each 

oapsule produces 1500 to 4,000,000 seeds (Arditti, 1961).

Two major groups of orohid seeds are usually distinguished. 

One group has relatively differentiated embryos, including 

rudimentary cotyledons as in B le tilla  hvaointhina. (Harley, 1951). 

However majority of the speoies have relatively undifferentiated 

embryos and no endosperm (MaheShworl md Harcyana Swemi, 1952).

2.2.2 Asvmblotlc germination

Knud00n (1921) demonstrated that orohid seeds germinate 

freely on a medium containing sugar, mineral nutrients and agar 

and reported that no fungus is  needed for germination, this 

revolutionised the basio approach of orohid cultivation and 

started a new era of asymbiotie seed germination. Bow asymblo- 

tio  method o f orohid seed germination is  widely in ooaaeroid. 

orohid growing.

2.2.3 Hedla for seed gnnrrlTnrhln̂

Consequent:; to the development of an artific ia l 

media by Knudson (1922), attempts were made to develop different 

media suitable for different species.
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A comparative study o f 2 media (Burgeff, H^F end 

Thomale GB) fo r  the germination o f Cypripedium seed revealed 

that Better percentage o f germination aid subsequent shoot 

and root growth aad colour were superior on Burgeff H^F medium. 

But Cattlevfl seeds germinated end developed more rap id ly on 

Knudson's G. medium (Boesmanr 1962 a ).

She type o f media aeleoted f o r  seed germination are 

meatly so lid  media with ager at varying concentrations. But
i

liqu id  cultures are also used. Seeds o f 5 Penhiopedllum 

hybrids were sown on liq u id  nutrient medium based on two 

substrates (Burgeff H~F and Xhomale GB) with supplements.

A l l  the 5 hybrids behaved d iffe ren tly , both in  th e ir  germination 

rate and growth. In  general Shomale GB gave the best resu lts 

(Flamee, 1978).

2 . 2 .4  Che components o f various media

Sugar is  one o f the very Important components In  

the medium. A varie ty  o f sugars have been tested to study 

the preference in  seed germination and growth. However, 

when chemically pure sugar was used, there was no germination 

(Boggle and Vynd, 1943). In  an experiment various carbon 

sources such as mono and disaceharldes, sugars, alcohols 

and doory sugars were compared fo r  orchid seed germination*

A ll the lacvo—series o f sugars tested, fa ile d  to support
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seedling growth. Dextzoaylose gave sa tis factory  results,

d-rlbose supported only marginal growth. A ll d-hesose sugciB

except d—galaotose proved suitable f o r  germination, d-fructose

being the outstanding. Die d i end trisaooharides tested were

not satis factory (Ernst, 1967 b ). Nitrogen is  taken up in  the

inorganic form, D ifferent forms o f  n itrogen source >>111 have

d ifferen t e ffe c t  on growth. Organic nitrogen sources such efl

proteins, peptones, amino adds, urea end others are superior

to Inorganic ones. Cvprlpedlum seedlings growing on ammonium

n itra te  as nitrogen source had b etter root development and

dark green fo lia g e . (Boesmsn, 1962 b ).  Bor ftrundlna bambusaefolia

seedlings anmonluo n itra te  was the most su itable nitrogen

source (M itra, 1971), While C attleva  seedlings grown on media

with HH4, Ho3. HH4+’  H031- nitrogen or urea at ooncentratlons

between 50 and GOO ppm showed best resu lts uHh HHj and Bozf 
in  proportions 2:8 or 3:7 (Uesato, 1973).

She anion oation concentrations in  the nutrient media 

was studied at various concentrations, at 20 mg equivalent 

per l i t r e .  2ho optimum ranges were 16 to 2Q per oent HH4+,

35 to 41 per cent K+ , 34 to 37 per oent Oa4”1", 10 per cent Kg**1",

66 to 88 per cent Ho3 , 7 to 23 per cent H2B04 and 4 to  14 

per cent 304". Ammonium ions were not required f o r  germination 

o f B le t i l lq  s tr ia ta  seeds, but they Improved seedling growth 

(Ichihaahi end Yonashita, 1977).
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BzjerLments vere conduoted to fin d  out a suitable 

Ison source. She addition o f EDSA to  the basal Knud son 0 

medium resulted In healthier and greener seedlings (Iliyas aid. 

and HagaaatHU. 1965).

2.2.5 Containers

Selection o f  suitable containers makes orohid 

tissue culture successful. Increasing the size (volume) o f 

the container, as the seedlings grow in  size i s  very essential. 

Containers with poor quaLity glass gives o f f  a lka li to the 

medium. Plugging the culture flaks aLso Influences the 

growth Bomotimes. However, the a ir  tightness o f  the container 

had l i t t l e  e ffeo t on eeed germination and p lontlet formation. 

She size o f the container had no e ffe o t  on percentage o f 

germination but p lantlet growth was better in  large containers 

(Hasegesra et jg .̂ 1928). Seedling growth was muoh better 

In  flask covered with cotton plugs (Miyazaki and ITagamatsu,

1965).

2.2.6 Culture conditions

tH of the mediums She le ve l o f pH in  the medium greatly 

Influence the growth o f  the seedlings. She jH mqy be c r it ic a l 

only during the early stages o f germination and the seedlings 

axe less sensitive to difference o f pH (Knudson, 1951). 

Comparative studies on 1he e ffeo t o f pH were mede; (Kotomori 

and Murashige, 1965). She pH requirement fox orohid eeed



gemination and growth varies depending upon the species. 

CvmbldluaB Oon grow at pH rouging from 5 to 6, Dendrobium 

4*5 to 5*4 end Epldendrum 4.0 to 5.2

gemperaturo aid light requirements

Orohid seeds germinate best at 20 to 25°0 (Arditti, 

1557) the requirement o f ligh t fo r orohid seed germination 

varies depending upon the speciea. Seedlings o f Cp.ttleya. 

SPidendram aid Oncidium vary greately in their ab ility to 

germinate in the dark dates old Curtis, 1949). Cymbldlua 

seeds can germinate in darSt (Kohl, 1952).

Oncidium seedlings require no light fo r  thoot and 

root development. Seedlings grown in dark appear normal 

but growth is  more in  the ligh t dates aid Curtis, 1949). 

Similar results were also reported earlier by Burgeff (1925) 

for other spades.

Unripe seeds o f Cattleva aurentlaoa germinated 

and produced pro to corns aid normal plants on Knudson C medium 

at 25° 0 under continuous illumination. Germination was 

inhibited in darkness (Plonk aid Steegmans, 1972).

In general, most orchid seedlings eon grow under 

natural light end photoperiods with occasional supplementary 

illumination.

2.2.7 Seed storage

She longeivlty of the orchid seed is  variable, 

some may loose their v iab ility  in few months (Brummit,1962)

12
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o r le ss  (Bindquist, 1965) sad others may remain fo r  longer 

periods (upto 1$ years) i f  allowed to  dry and stored in  a 

deesicator and re fr ig e ra ted  (Kano, 1965)• However at room 

temperature most o f  the orch id seods loose th e ir  v ia b i l i t y  

in  a short time (Humphrey, 1960; Davidson, 1966^).’ Quick 

fr e e z in g  md storage o f  seeds in  the frozen cond ition  f o r  a 

long period i s  also poss ib le  (reh landt, i 960) ,

2 ,2 .8  Seed s te r i l iz a t io n

Iho orchid seeds are usually cultured in  completely 

aseptic condition . Henoe the seeds are to  bo s te r i l iz e d  

before inocu lation  in to  the medium. Orohid seeds can re s is t  

Chemical treatments fo r  s t e r i l iz a t io n  (ited linger, 1961, 

Jordan, 1965), they withstand upto a concentration o f  6 per 

cent hydrogen peroxide fo r  10 minutes (B^eedy, 1953), 1»32 

c lo rox  solu tion  upto 15 minutes ( l id d e l ,  1948); Calcium 

hypoch lorite 5 per cent upto 48 hours (Vlilson, 1915)! 10 

per cent Potash fo r  36 hours (Boriquet and Boiteu, 1937); 

mercuric b ich lo rid e  solu tion  ( 1 : 2500) f o r  short periods 

(liilloughby, 1950); and 10 minutes in  toluene fo llow ed  by 

30 minutes in  90 per cent alcohol and 30 minutes in  50 per 

cent calcium hypoch lorite (VJithner, 1955)* S te r i l iz a t io n  

by rad ia tion  i s  a lso reported. The seeds can withstand x-ray 

rad ia tion  upto 2400 r  without lo os in g  th e ir  v ia b i l i t y  

percentage (Kano, 1965).

Seeds o f  Vanda "Miss Jaoquim" treated  with 5 per 

cent c lo rox  fo r  10 minutes and washed with s te r i le  water and
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inoculated on a culture medium produced seedlings in 10 tc  12 

weeks. Hhereas seeds without such treatment did not germinate. 

Seeds d irectly transferred to the medium without exposure to 

outside* geminated v e i l  end produced strong seedlings within 

6 to 10 weeks. (Kao aid Avadhani, 1965). B le tilla  capsules 

sterilized  with elcohol m& inoculated d irectly  into the medium 

produced tOOjS germination and vigorous seedlings (I/uks end 

Shevohenkc * 1977)•

2.2,9 E ffect o f growth regulators on seed germination

Orohid seed germination end seedling growth is  to 

a great extent influenced by the growth regulators. Auxino, 

Gibbareliins aid Oytokinins plays an important role in seed 

germination and growth. The result o f studies with anxLn shoved 

that only traces o f aixln hare been found in  Ovurlredlum 

seeds and none at a l l  in  Calanthe and Dendrobium seeds 

(Poddubnaya -  Arnold!* 1960, Poddubnaya* at £ l, 1961). She 

notioeable differences in  growth end development o f both 

control and treatod p la its  were observed as the p la it  developed 

and grew older. This mey he possible due to no hormone produced 

during the early stages o f  germination and growth but,production 

is  in itiated  and increased as the seedlings grew older and 

leaves and mots are pmoduoed (A rd itti, 1965).

Root development o f Cvnrinedlum seedlings on Burgeff 

HjF medium were stimulated by the addition o f BAA at 1.5 mg/l 

(Boesman, 1962 b ).
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NAA (1 or 2mg/l) o r  2,4—D (0.1 o r  0.5 m g/l). GA at both 

these concentrations caused marked le a f  elongation . Plants 

trea ted  with 2 mg/l produced few roots compared to  lower 

concentrations. A l l  fou r compounds stimulated protocorm 

form ation and 2,4—D being most e f fe c t iv e  (Bose end Mukherjee, 

1975).

2.2.10 E ffe c t  o f V ltm lnB

She e f fe c t  o f  vitam ins on seed germination has 

been studied ex ten s ive ly  by many workers. I t  appears that 

sp eo ifio  vitam ins are required fo r  some species. But a 

general statement o f vitam in requirement cannot be made 

except fo r  n iac in , where a growth enhancing e f fe c t  has been 

■reported (A r d it t i ,  1955). In  an experiment w ith d if fe re n t  

vitam ins l ik e  ninacln, adenine, ribose and coenzymes HAD 

and NADP alone and in  combinations have shown that n iac in  

alone o r in  combination w ith  other add itives  were capable 

o f  enhancing growth in  seedlings. NAB md ITABP (concen­

tra tion s  6 and 12 micromoles/l) in h ib ited  germination,growth 

and development (A r d i t t i , 1955 a ).  Germination o f Cattleva 

seeds were enhanced upto 80 per cent l a  Knudson's C. medium 

w ith n iac in , adenine and ribose along with other add itives . 

Seeds cultured on media w ith b lo t in  produced b e tte r  chlo­

rop h y ll than other treatments. The root development was 

also b e tte r  w llh  b io t in  treatment (luctee, 1 9 7 1 ) .
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In  general vitamins have been shown to  promote growth f

, ' I
o 1 plant tissues and organs In  v it r o  (Bonner, 1937, Sohopfer, 

1943).

2*2.11 The e ffe o t  o f  other oonrolex additives 

Coconut water and f r u i t  .juloes

Coconut water In  the media infL uenceo the germination 

and growth o f orchid seedlings to  a very great extent. Cattleva 

seed germination was enhanced (80 per cent) on a medium o f 

Knud eon 0 with additives ouch as coconut milk* b 31 ana pulp, 

tomato ju ice  and vitamins (Lawrence and A rd it t i,  1964).

She addition  o f 15 per cent coconut water to  the 

Knudson's 0 medium increased growth o f  both epiphytic and 

te r r e s tr ia l species, p a rticu la rly  tuber growth In  te r r e s tr ia ls  

and root growth In  epiphytes. (Mo Intyxe o t 1974). She 

seeds o f  Snathoglottis -plioata grown on modified whites agar 

medium w ith 2 per oent suorose had germination rates o f  60 

per oent aid 80 per oent when the medium was supplemented 

with 10 per oent oooonut m ilk end tOOO ppm oaso^ln hydrolysate 

resp ective ly  (Chennaveeralah aid P a t i l ,  1975).

The seed germination and seed ling growth o f  f iv e  

d iffe re n t  genera o f  orchids ( Qattleva. Cvmbldlum. Panhionadllum , 

Bialaenonsls end Eulonhldlum) on Knudson C medium supplemented 

w ith chelated lron,m lcro elements, ooconut milk, banana 

charcoal was very  satlB faotory (Bose e t a j ,  1977).
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She e ffe o t  o f banana pulp on eeed germination has 

been reviewed by Anderson (1967)* he found that addition 

o f banana pulp to Knudson C medium stimulated the growth o f  

Cattleva seedlings. Further studies indicated that addition 

o f banana pulp increased the number end growth o f roots 

(A rd it t i ,  1963). A comparative e ffe o t  o f  additives such as 

banana pulp, coconut water, tomato Juice was studied on 

the germination o f  Dendrobium seed on nine d iffe ren t media* 

After, 9/2 months o f  growth, the dry weight o f  the seedlings 

were more with a treatment o f banana homogenate (190 g in  

50 ml d is t i l le d  water/ l i t e r  o f medium). She treatment 

also induced better vegetative growth (Howe, 1973)*

Tomato ju ice was o r ig in a lly  described as m  

excellen t culture medium fac orchids (Vacin end Kent 1949). 

But recent Investigations have shown that i t  i s  inh ib itory 

unless used in  very low concentrations (Kano, 1955, A rd it t i,  

1965 b ).  Seeds of Tanda'TUss Joaquim" when transferred 

d ire c t ly  from the pod on to a medium containing tomato juiee 

o r yeast extract, germinated forming strong seedlings within 

8 to  10 weeks ( Kao md Avedheni', 1963). Whole tomato ju ice, 

reconstituted ju ice o f  a mixture o f  a l l  ju ice frac tion s  

were S ligh tly  detrimental to Cattleva seedlings (A rd it t i ,

1966). In  Bialaenopsia seed culture Knudson* s 0 medium 

modified with addition o f  rip e  baaans.pineapple, papaya,fig, 

tomato, raspberry, grape, Chinese gooseberry, mushroom,
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coconut milk, auto lyood f is h , tryptone and pap tone, accele-j 

rated seed ling growth, and daveOLopmart t o  a mcaSced degree 

(Ernst, 1967 a ).

2.3 Tissue culture

ELent tissu e culture i s  used fa r  the mess propagation 

o f  gormplaem. |

, She use o f tissue culture techniques in  orch id culture 

has enabled to  obtain quality plants in  la rg e  numbers by cloned 

m u ltip lication , establishment o f  hybrid plants and improvement 

o f  orohid trade and industry,

2 . 3 ,1  Culture media '

For tissu e culture both so lid  and liq u id  media are 

used. M ajority o f  the tissues are grown on so lid  medium. The 

l iq u id  medium i s  heat suited f o r  ro o t cultures (S tree t, 1969), 

The use o f  l iq u id  medium i s  very common f o r  e l l  tlBsues fo r  

the production o f Callus. Shaking the media helps in  the 

incorporation o f oxygen to  the media fo r  the growing tissues 

(H e llsr , 1953; White, 1963), Eecent studies have indicated 

that -the l iq u id  medium i s  the most e f fe o t iv e  fo r  the induction 

o f p ro life ra t io n ,p a rt icu la r ly  in  proto corn o r  oaLlus. The 

growth ra te o f  orchid protocoxmB was much greater when the 

aeration of the liq u id  medium was increased by fo rc in g  s te r i le  

a ir  in to  i t  (Cheng .§£ 1978), Apical meriatems o f

Oymbidiums, were excised from young shoots end inoculated on
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a liq u id  medium. Cultures were agita ted  fox  four weeke* 

Dzotocorm l ik e  bodies were pro&ioed within 2/2 months* Many 

shoots were developed when they were transferred to the solid  

medium (Wimber, 1963; 1969)* Apical and a x illa ry  bud sections 

o f  Dendrobium " James Storie ° were cultured on both so lid  

and liq u id  vacin end vent medium and on modified Knudson'■ 0 

medium, with cooonut water. The best growth and longest 

su rv iva l rates vere reoorded on liq u id  modified Knudson's C 

medium (Ir a v a t l e t £],. 1977)* Eho tissu e masBee can la tex  be 

subd divided and transferred to  fla sk s  containing fresh  nutrient 

solution  fo r  fu rther p ro life ra tion * She pxoceea con be repeated 

several times and f in a l ly  transferred to  so lid  medium fo x  

d iffe ren t ia tio n  (Vlmbexa 1963). In  case o f  Vanda hybrids 

(V .insigno x J . teaBollata ) ap loel o r a x illa ry  buds vere f i r s t  

cultured on liq u id  Vacin and Went medium with the addition 

o f 13 per oent coconut water, la to r  when the shoot prlmordia 

appeared i t  vao transferred to  so lid  media fo r  p ro life ra tion * 

Greener tissues were obtained when sub-cultures were made 

on liq u id  Vasin End Kent media (le o  g t  g i *  1973)* 2he 

procesB o f culturing and out-culturing desozlbed above was 

reverse when Vmda " Hiss Joaqulm " was cultured on Vacin aid 

Kent medium, where the ax illa ry  buds were made to  grow f i r s t  

in  a so lid  medium and la t e r  transferred to  a liq u id  medium 

fo r  p ro life ra tion * Again the p ro life ra ted  tissues were 

transferred to  s o lid  medium fo x  dl£ferentiefcion(Kuni8aki 

e t  o l . 1972) .  She shoot p ro life ra t io n  aid d iffe ren tia tio n  did
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not behave as above in  case o f Haemaria d isco lo r. Hhen the 

s te r i l iz e d  shoots o f  H .d isco lor were cultured on liq u id  Enudson 

0 medium, no protooorm tissues were produced, but numerous 

white out growths were produced and when these were transferred 

to  so lid  Enudson C medium they turned yellcw idh green and 

formed nodes and leaves (2eo, 1978).

A semi so lid  media was found suitable fo r  Ehvnohoetylis 

aiaantea aid Pendrobium. (Vajrabhaya and Vajrabheyai 1970).

The oharacteristios o f  the media grea tly  depend 

upon the kind and quantity o f  the soluble sa lts  present in  i t .

She su ita b ility  o f  the genus or the speciee to  a particu lar 

medium is  based on the above properties. High sa lt concen­

tra tion  o f  the media i e  b en e fic ia l to certain  species.

S im ilarly changing the form o f  a particu la r sa lt may also 

in fluence the growth and behaviour. She carbon source fo r  

almost a l l  media i s  cuorose (Freson, 1969). Further studios 

on the s u ita b ility  o f  carbon source indicated that sucrose 

i s  b e tte r  than maltose, gLuooee aid fructose. D-Manose was 

le s s  e f fe c t iv e  than a l l  the four other sugars (Fonnesbech, 1972). 

E lim ination o f  sugars from the medium had produced healthy 

tissues in  certain  plants. Various concentrations o f  

sucrose, glucose, fructose and manitol were used along with 

Enudson 0 medium and the protocorme o f  Holttumara. "Soke 

Euok l i p ” were inoculated to the medium the control received 

no sugar. A fte r  2 weeks a l l  tissues had m ultiplied tiro fo ld .
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But at the end a l l  protooorms which, received sugars were yellow 

snd neorotio (le o , 1978 )< In  a n itra te  fre e  medium o f 

IlurasSilga—Skoog fo r  Cvmhldlum protocorao, many la rge  protocorms 

without le a f  or root prlmordia were produced during tho f i r s t  

5 weeks. Omission of magnesium favoured the developmait o f  

le a f  and root prlmordia (Bruljne and Debsrgh, 1974).

SovoraL culture media were tr ied  fo r  the tissue 

culture Btudies on the species selected f o r  th is  study. 

D ifferent species o f  Ovmbldiums were successfully cultured 

on Knudson C and other media ( Chanpagnat ej; c l . 19S6; Steward 

aid Mapes, 1971* Ehoopaon, 1971; Horel, 1965; K i l f r e t ,  1966; 

VSimber, 1963; 1965 Viraber end Vencolt, 1966 aid Kano, 1968).

' D ifferen t species o f  Dendrobium were successfully 

cultured on various media. Vacin and Vent was found the beat 

by many investigators (G illila n d , 1958; Himoto end Sagawa,

1961; Is ra e l, 1963; Sagewa Velmayor, 1966; Sagawa e j ^1 , 1967 J 

21111 SS B i* 1970; Singh raid Sagawa, 1972; Saiguthai £$ e l .

1973 and Valmayor, 1974).*

Epldendrum species wore successfully cultured on 

d iffe ren t media l ik e  Hurashlge-Skoog Vaoin end Vent, H e ller , 

Knudson C and Ojima end Eujiwara (Churchill e t ^ .1 9 7 0 ; 1972a; 

1972 b ; 1973; Sagawa and Valmayor, 1966; Valmayor and Sagawa, 

1967; Rudolph jgjj jgJ,. 1972) .
• ■ r

Vanda species were successfully cultured on d iffe ren t 

media l ik e  Vaoin end Went. (Rao aid Avadhanl, 1963, 1964;
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Saga'"a and Sehgal, 1967; Sanguthai and Sagawa, 1973! Vclmoyor, 

1974)• Vaoin aid Went median (Kuniea’d. 'o i jgJ,. 1972, Sanguthai, 

Sagawa* 1973* Seo gij ,§&.1973), White media (Goh, 1970).

Knud son C ( a)  (Valmayor, 1974).

She pH o f  the medium alea influences the gxmrtdi 

and developmait o f  the tissue. In  Cvmbidium culture the 

optimum pH ia  5 to 5«5 (Sagawa, ejj 1966). She pH 

requirement o f  media recommended byttimbar ( 1963) i s  3 .2  to
*  f*

5*5. Ponnoebech (1972) reoommended a s t i l l  higher pH 

fa r Oymbidium culturo (5.5 to 5 .8 ). Hosich e t  &1.C1974) 

recommended a pH of 5 .5  fo r  Dendrobiuta. She same authors 

reported a higher pH ( 5 *8) when modified Jluraahige-Blwog 

media wen used fo r  Dendrohiuq culture.
- I

' Epidendrum le a f tips are hest grown at pH 5.5 

on modified Muraahigo-Skoog's medium (Cliurohlll, e t a l.

1970). Whereon Enidondrum roots were reported to grow 

on modified 0 jima and FujJiwara medium with a pH o f 5 

(Churchill ot pj,. 1972 a ).

S t i l l  lower pH (4.8 to  5) was reaommeaded fo r  

Hialaonopsia culture on modified Vacln and Vent medium ■ 

by Intuwong g t  (1972).

Oattleya shoot t ip s  when cultured on a so lid  

medium, turned brown aid died eventu o ily . Seats were 

conducted fa r  Polyphenoloxidnse a c t iv ity  and the leaves 

tested resulted in  browning. She a c t iv ity  was greatest



at Tfl 6.5 and inhib ited  at lower rS  (Ichihashl and KaJco, 1977).
1 -  .  -

Vanda esplants were beat' grown on ’Hhite1 s medium 

with a pH o f 5,5 (Sagawa and Sell ga l, 1967).'

Selection o f an appropriate vegetative part i s  £H 

import a it  aspect In  tissue culture.

U il fr e t  (1955) reported that in  Cydbldium hybrids, 

protocorm,like out growths developed on the meriatems 6 to  8 mm 

away from apex, aid also from the q iic a l dome. Johansen 

(1967) used both micro and macro meristema (Apical and la te ra l 

bude) o f Cvmbidlua fo r  culture. Ehe macro meristems grew 

w e ll on Knudson C medium and formed protocorms. But the 

apical meristems did not grow at a l l .  Apical end ax illa ry  

meristems o f Cvmbldium. Dendrobium and Oattleya are the best 

explents fo r  tissue culture (Sagawa and Kunisaki, 1969). S&s 

ep ical meristem o f old and young pseudobulbs o f  Cvmbidlum 

were used fo r  culturing. Early' development was good in  

both. But fa ilu res from o ld  p3eudo bulbs reached 35 per 

oent, oompnred with only 15 per cent from young pseudobulbs 

( i l p i  and Garibaldi, 1969). 2he growth rate o f Cvmbldium
f  *

protocorm depends mainly on the s ize  o f  -the explant materials 

and also on the number o f  cut surfaces, tfhoae with more 

out surfaoes increased re la t iv e ly  fa s te r than that o f la rge 

in tact ones. (Zimmer aji g j .  1971).

24



25
Clonal propagation o f Dandroblum was made easy - 

with explant materials such as tezmlnal and ax illa ry  buds 

o r stem Intem odal ssotlon (Sagawa e i  19OT|s Mosiefa.

« t  fil*  1974; Intuwong and Sagawa, 1975) cad new growths 

from previously out rhizome or ke ik ls  (Elm et a l . 1970),

With stem and flow er sta lk  expleats of Epldendrum 

hybrids, dormant bud at the nodes developed successfully Into 

p lan tlete . Upto 20 plant le t  a obtained from a singLe cane 

( Stewart aid Sutton 1976). Clonal propagation In  Vanda 

can be ea s ily  achieved by shoot t ip  culture.

Use o f le a f  t ip  as a source o f  esplante has the

advantage o f  not endangering o r  even seriously damaging a 

plant (A rd it t i s i  s i*  1972, Churchill, e t a l 1973)- 

Bpldandrum le a f t ip s  formed callus on Iluraehige-Skoog's 

medium end d ifferen tia ted  on Knud eon C medium. Iiaelio-  

Cattleva leaves cultured on H allers medium produced callus 

and p lan tle te (Churchill s i  a j.1973 ). le a f  segments of 

Vandfr and Hialaenouola cultured on only agar medium 

produced protocorm l ik e  bodies. The proximal tissue a formed, 

protocorm l ik e  bodies more ea s ily  than d is ta l tissues.'

Eettor development o f proto com lilce  bodies were with young 

seedling tissue than on mature tissue particu la rly  in  

Vanda (  Tanaka et 1975). le a f  segments o f Jhaloenopals 

amabilia hybrids produced protocorm l ik e  bodies on Kurashige- 

Skoog's medium with oupplements (fanaka and Sakani&i, 1977).



She ideaL method o f  clona l propagation would u t i l is e  

en̂ j organ or small mass • . o f  tissue which oan be removed

without damaging the plant* leaves and aerLdL roo ts  oan be 

used f o r  th is  purpose. Orchid root t ip  contain d e fin ite  

merlstematio aoneB/ thoy can be made to  grow in  v i t r o .1 

Enidendnim root t ip s  can. be cultured, but e l l  they produoe 

ie  roots, a lb e it  longer roots (Churchill g t  jgj.1972 a ).

Boot t ip s  o f Bialaenopal s anab ills hybrid seedlings 

cultured on 2 s o lid  media proved sa tis fa cto ry  fo r  oallus 

growth md development o f proto oom l ik e  bodies. Trsnsferring 

these bodies to  Kyoto nutrient solution  resu lted  in  p iou tle t 

formation (Tanaka et a l . 1976) .

2 . 3 .2  growth reaulgtorg in  tissue oultare

Subsequent to  the development o f  d iffe re n t  media 

fo r  orchid tiasuo cu lture, severa l m odifications were male 

to the media by changing the ingred ients end th e ir  quality 

end quantity. The most important development in  the culture 

media was the incorporation o f  growth substances which includes 

auxins, gibberelU na, oytoklnins and vitam ins .1

The b en e fic ia l e f fe c t  o f  Indole aeetio aoid(lAA) 

was reported by Boesmenn (1962 b) on Cattlovn. The O attleva 

meristema were oultured in  a s o lid  media with napthaline 

aoetie aaid (I IM ), g lb b re llio  sold (GAj) and kina t in  at 

1 ybH each w ith vitamins end oooonut water. HAA was found to  

stimulate growth o f  the tissu es. A concentration o f  SXIcTTm
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weis optimum and concentrations about 10""  ̂ appeared to be

to x ic  to  plant (IAndamann, 1967)* In  Dendrobium meristeraa,

a ooncentration o f  1 ppm NAA with 25 pec oent coconut water

was moat successful In  producing protocorm l ik e  bodies* loung

stems however do not respond to  th is  treatment (Sagawa ai, a l-

1967)• Cvmbidlum protocorms cultured on Knudson 0 medium 
«• -

with Hitoch micro element supplement, produced p lan tle te  

w ithin 2 months* She growth end development was promoted by 

BAA, baoto kryptons, Inargin ine and Inaspnrtio aold* When 

the medium was supplemented w ith 0*1 mg/l NAA, about h a lf 

o f  the protocorms produced shoots (tfeda end lo r lk a ta , 1968)*  

She sane aithors reported the addition o f  low ooncentration 

o f NAA (below 0*1 mg/l), promoted shoot formation In  

Cvmbidluma but w ith increasing concentration upto 0*6 mg/l 

roots were formed and the number cf dhoote decreased* Shoot 

formation was also encouraged by addition o f 0.0 1 mg/l 

2,4-D, 0*01 mg/l GA» 10 K* In  arginine, 10T^M, Inaspartlo  

acid or 1 mg/l ascorblo acid. K n letln  had no e f fe o t  (Ueda 

and lo rika ta , 1969)* ■ Hatsul e$ ,131. (1970) reported that In  

Q.vabidluma the p?otooorm formation was not a ffeo ted  by the 

addition o f NAA at ro tes  upto 1 ppm. But a h igher concen­

tra tion  o f BA (10 ppm) with NAA lnoreased the number o f  

shoots. Boot fenaation was s l ig h t ly  a ffeo ted  by 0,1 ppm NAA, 

but BA Inhibited i t  a t higher concentrations*
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In  a study to  compare the e ffe c t  of auxins* oytoklnins 

end 0A alone on In  combination on growth, o f Cymhidlum pro­

to coma indicated that IAA done had no e ffect* HAA resultod 

optimal fresh weight at 10 M and the protocorma were 

vigorous* 2,4—D caused a high, weight increase at 1 /’M hut 

protocorma were abnormal. Kino t in  induced growth o f many 

small shoots and also promoted oalius fonaation and increased. I

fretii weight in  liqu id  medium and OA aLone promoted shoot 

and le a f growth. HAA and kinetin resulted in  maximal fresh 

w eigit lncroaae (Fonnesbech, 1972). A report by Kusumoto 

(1979) had shorn that* in  Cvmbidlum protocorma con s i at ant 

ehoot growth was obtained in  the media containing OÂ  ^

1*0 mg/l and HAA at 0*01 to 0.1 mg/l.' For root formation 

a combination of 1 mg/l GÂ  end 0,1 mg/l HAA was most sa tis­

factory.

A higher concentration o f HAA(1.0 mg/l) and BA 

( 5 mg/l) induced maximum pro lifera tion  o f protooorms in  

Cattloya. Shoot formation and propagules were stimulated 

In  a medium containing BA at 0.1 mg/l aid 2*4-D at 0.1 mg/l.

2,4^0 alone at a concentration o f 0.9 mg/l k illed  the 

protooorms (Kusumoto, 1979)•

She concentration o f growth substance needs 

changes at each stage of development. She medium most 

e ffec tive  fo r p lantlet growth contained 0.1 to  1.0 mg/l 

kinetin and 1.0 to 5.0 mg/l HAA ox 0*1 to  0.5 mg/l kinetin



and 0.1 mg/l 2,4-D. Shobt format Ion o f propagulea were 

■best promo ted In  a medium containing 1 .0  mg/l BA aid 0.5 mg/l 

EAA o r  0.1 ag/ l k inetln  aid Oil mg/l 2,4-D. High concert" 

tra tion  o f growth regulators Induced the formation o f  pro— 

tocorme or callus on root tip 's and le a f  surfaces (Kusumoto, 

1979).

Higher concentration o f IIAA (6 mg/l) and k inetin

(2 mg/l) end 2,4-D (2 mg/l) with coconut water(5 percent) 

in  Muraahige-Skoog medium produced good callus tissue In  

the rhlzomatous portion o f Suathoglottis (Bapat aid 

Harayena Swaml, 1977). Growth ln lt la t lon o f Cattlova 

explants were optimum with HAA or 2 ,4-D at a concentration 

o f 0 .1  ppm In  the media (Ichlhashl end Kako, 19 75 ) .

Before the discovery o f  cytokinins by H il le r

e£ aU(1955fl. the cu ltiva tion  o f  the tissue of many spades,
- '  r> '

l ik e  tobcoco and. soyabean, were possib ly only by adding

to  the media complex factors <£ unknown composition, such

as coconut milk, yeast extract and oora sndospem. Xhe

main compound in  these substances responsible fo r  o e l l

d iv is ion  is  oytokinln.'

Oytoklnlns are responsible fo r  d iffe ren tia tion  

(bud form ation). Ehe c e l l  d iv is ion  o r  o e l l  d iffe ren tia tion  

Is  clLgo associated with auxLne (Skoog and H ille r , 1967).'
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Different forma o f cy to Minina tooted bo fa r 

(Bensylaaino Purina, H-Benzyl adenine, IMjenzyl adenosine 

and Kinetin) had the similar sffeots at 0.1 ppm. However 

higher concentration in h ib i t e d  organ differentiation (Rucker, 

1974).

2.5.3 glbbreiltna

Gibberelltne( g Aj) are mainly responsible fo r  stem 

elongation. In certain plants, meristepo w ill  not develop 

without 3 A. (eg. Potato, Chrysanthemum) . But In orchid 

merlstems, the erogenous application of Ga  ̂ produoes dele­

terious effects, resulting in  veiy thin, thread lik e  aid- - 

ohlol'otic stems. However in  Oattleva GAj concentration of 

0.5 /)1>I associated with lit. HAA end Kinetin had produced 

better results (lindemam, 1967).'

2.3.4 Miscellaneous additives fo r  tissue culture

A variety o f ingredients are Incorporated into 

the media fo r  orchid culture. Some o f the additives have 

very striking effeot in  tissue culture. Oooonut vater was 

f i r s t  introduced in  tissuo culture by Tan Overbook et pi.

(1941). Since then several investigators observed the 

stimulating effeot of coconut milk in tissue oulture. Its 

effect on the apical merlstem of Oattleva. Dendrobium and 

Tend a are very striking. I t  helps in the division of, ' , I
epidermal cells md formation of protooorms. She optimum 

concentration of coconut water in the media is 10 to 15 per cent

30
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end i t  la  added before autoclaving (H orel, 1965 i Intuwong 

and Wagawa, 1975)*

In  Vonda shoot t ip  culture,use o f  15 per cent

coconut water without sugar Induced the production o f  dark
\

green protocorm l ik e  bodies. Those without the supplement 

were brown aid those w ith suoroee done were l ig h t  green. 

Continuous p r lIte ra t io n  occured when agar and eooonut water 

were used in  the medium (Kunlsski e t  g j ,  1972 )
m • •» f*

She ro le  o f coconut water has been fu rth er 

emphasised by Ho Xntyre (1974). She addition o f 15
' r *

per oent ooccnut water t o  basio Knudson C medium produced 

Increased growth o f  both epiphytlo and te rrea tra la l species.

The stimulatory e ffe c t  o f  coconut m ilk on the 

protocorms may be due to  i t s  complex composition, which 

Includes amino acids, Sorb ito l, In o s ito l aid cytokinins 

(P o lla rd  e t  &1. 1961 Van Stcden aid Drewes, 1975). She 

greater production o f  ch lorophyll In  the protocorme cu lt i­

vated with coconut m ilk may be dee to  cytokin ins as these 

growth regulators are Involved in  the d iffe ren tia tio n  o f  

lam ella r system in  cbloroplasts,

2.4 H lsto chemical studies

2.4.1 Orchid BeedB

Swamy (1949) described two fundamental types 

o f soed development In  the members o f  orchidaceae. In  the 

f i r s t  , the zygote d iv id es by a transverse w e ll to fozm two



32
eel Is ,  s>S tfiiSyet v»* &«•*&! %|8ta torsu*® fcrsturaote!*!?

hsS jsewsats luiia «  ystej&ye of Vt^tm e*ilu» Qse «»;'•*»

© «il saSSBrftti So Vus «*IX aX «u ’> sclyrja s«e XMCBtutiSy 5iM» 
glo* 5a ■'..» as?s»M# a.»;»rw>ff kecoivsia* t&lsb Ws»a&* ‘S'osy 

yji<sai.»«»H m s  tcizna& i< !»  3rAst>*se*e i »  « _ a  ays '-isa* :2!a»

ea& l &S&&css v a r t io s l ly  Ho taws tva  w t t a *

v h ie b  V  #asrte«® A S s ia io a *  g i r t *  * i e #  Ho tbe g s e s sc r  £ « *

OS « 5* oesteje, the ses-S boins eo-rtnASmHttS fty Us* alMte 0* 11. 

Is  t‘;# o«»s&  type «X Aoeoiayjf-i’S; ?>» fygaio by

•iftiwif * tresorowse cr cs otKUrju* ve&l. ftsg«i»sj Air’ oisks*

Ao set SeJlov my oofteits vo&tott* d»£ t'lv* s*l«# so c aeas 

8* 3 t* tfl 8»H*» » 3 i  cf ijsitfe fcsgia w  «ji«cc# csai «*uarj» 

a K m *’s* k U-?. f'«neHioK» Om* oe toe © a lia  t e »s «v «M 8 iy

Ha fate* a X i i i i x a t  o f  T ta iaaJe Sosqjtri v-booo is w r *  

titv ** s i s *  S « « t «  osrtwy* ;a»y«J5* T m »  H i*  a, eons jw -^ lray o s  

o f  oroi'i.** fc<»* fee® l'sw®*3**  wuSa* tee  c s to ^ ^ y  ©X eaarceHiaoS  

S7* w * s w » «  oatayos {tUfeotfOfJOfi, 1 S 3 »}«

aect-iU. Rtivdi, ir.'.-* XifJcsrantlaHOii t»fei tMliXfex**

osttctec *st»y«a (i iSaaai1* At »»«ttsHy <tee ae#S
d‘o#» aat ".oao«i cities «utfjic*!*» ot? i»fyteiaa» £©«& ascree* 

r.to s ie : «A i a  « i *  !M 5 «* Ssn-oureM# aorA it& raa

tbs  ss 'w ya  .: -5 .il; oa4 “‘‘rorVc •£-* ss-jtereaeSTC s»ca ceat. 

rurtBer •ni»*c*s«:ii I 'i  3 .\..r,i few: Ian a tsj> cf wne flb'-?*A 

ito&y o tU e d  n s t t f s n .  ItjH 'rOea brteson  enA

yro&tessea of •'s2sc«SfA t stereo nr? sstscfi fas swvoseI -sBrtta.



33

Ilia embryo u t i l iz e s  the stored osrbohydrates end l ip id s  as 

w e ll as erogenous nutrients during i t s  d iffe re n t ia t io n  

{A lvarez end Sagawa, 1965). The protoconn consists o f 

parenchymatous tissue which disappears, consequent to  the 

production o f photo synthetic a l ly  active primordial leaves . 

The parenchymatous region  o f  the protocorm accumulates good 

amount o f  metabolic reserves in  the form o f  protein , l ip id s  

end high molecular weight carbohydrates and serves as a 

reservo ir in  the absence o f  endosperm.

Hhen the embryo seotlons vere stained w ith Feulgen 

stain  fo r  lo ca tin g  the SEA, I t  vos observed tha t the la rge  

nuolei in  the parenchymatous region stained darker than 

those o f  the merlstem ind icating an increase in  DEA content 

during d iffe ren tia tio n  stage (A lvarez & S eg awe, 1965).

Alvarez (1968) measured the nuclear SEA cyto-* 

photom etrically in  sections md Iso la ted  nuclei o f  the 

developing embxyo o f Vanda . The amount o f  SEA in  the 

nuolei o f  the parenchymatous region  was shown to Increase In  

d irec t proportion to  the distance o f the nucleus from the 

merlstem.

The u ltrastruotu ra l examination o f  developing 

Vanda protocorms indicated that a substantial amount of 

l ip id ,  protein , and carbohydrate reserves, which disappear 

gradually with the senescence o f  the parenohymatous reg ions. 

The proteinaoeous reserves appear in i t i a l l y  as d isorete 

bodies which become in i t ia l l y  aooooiated w ith clusters o f
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In  propagating orchids by tissue culture, explant a

from d iffe ren t plant parts are taken end grown In  d iffe ren t

medium. Tissues from Inner layer taken f o r  further development

may become heterogeneous a fte r  d iffe ren tia tion . (llurashlge

and B alamo, 1967). This may be due to  the a r t i f ic ia l  environ^ 
meat in  v it ro  which has a considerable a ffe c t  on the c o l l

development and d iffe ren tia tion  and leads to  somaolonal

varia tion .

The va r ia b ility  in  ohromosome number in  regenerated

plant is  a widespread phenomenon (ladein  and Scowcroft, 1981)
' /■ 

and gross karyotype chmges such as anouploldy—polyploidy o r

myxoploidy have been reported in  many crops (lluraahigo, 1974»

Thomas, 1979) indeed gross karyotype a lterations heve been

observed in  tiesue culture plant c e lls  (Mura^iige and Hakano,

1967; Kao and Hiehayluqk,1980; Benniei, 1974. SrBoraamlu

2& p i*  1976; Skirvin, 1978 and Roy, 1980). toeuploids in  rye

grass (Ahloowalia, 1976) trlsomlos in  tobaoeo (Eishlyama

and Taira, 1976).

A perusal o f  e a r l ie r  lite ra tu re  reveals that 

chromosome v a r ia b il ity  among regenerated! plants has been 

more in  o rig in a l collus c e lls  than in  regenerated plants, 

(Orton, 1980) which c lea r ly  indicates that there i s  a 

se lection  force in  favour o f sp eo ifio  chromosome constitution 

during the process o f regeneration. In  Hawnrthlq (Ogihara, 

1981) selection  fo r  eudiploid md te trap lo ld  plants .wore
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ra th er stronger than f o r  p lan ts  w ith  abnormal karyotypes 

(w ith  d e le t io n  and tra n s lo o a t lo n )•

Chromosome bred :ago and reunion, n u lt ic e n tr ic o  

and tran s loca tion s  have also been observed in  p la n ts  derived  

from caLlus cu ltu res in  b a r le y  (O rton, 1980)* Zn p lan ts  

from rye  grass  cu ltu res  the m eiotlo  Chromosome behaviour 

suggested tha t the presence o f  r e c ip ro c a l tra n s lo ca tio n , 

d e le tio n  and in ve rs ion s , and o ther chromosome rearrangements 

do re su lts  in  I osb o f gen etic  m a ter ie l which may resu lt in  

phenotyp ic va r ia n ts  as w e ll  as a f fe o t in g  the gene In  which 

the chromosome break occurs. C ryptic changes Gan n ot on ly  

r e s u lt  in  the lo s s  o f  genes and the fu n ction s  but a lso  the 

expression  o f  genes which h ith erto  have been s i le n t .





CHAPTER I I I

MATERIAL AHD METHODS 

The experlmaits ware conducted at the Orchid 

Laboratory of the Indian In s t itu te  o f  H o rticu ltu ra l Research, 

Hessaraghatta, Bangalore. The plants were maintained in  the 

Orchidaxium attached to the labora tory. The Orohidarium 

provides optimum condition  fo r  tho growth o f  orchid p lants.

The Orohld laboratory has a culture room and an 

inocu la tion  room. The cultures were maintained at a tem­

perature o f 25<>C and under a r t i f i c ia l  l ig h t  o f  600 lux fo r  

12 to 16 houre a day depending upon the stage o f germination 

and d iffe ren t ia tio n .

3.1 Orchid speciee used f o r  the experiments

The fo llow in g  orch id  speciee were selooted fo r  

the propagation Btudies.

Cvmbidiun pendulum (Roxb.) SU

An ep iphytic species with short stout stemB.

Leaves th ick  lea thery , eneiform, obtuse retuse a p ica lly  

furrowed, 50  to 100 cen t! meter long and 5 to 10 cen ti meter 

broad. In florescence racemose, very  long aid pendulous 

(P la te  1 .1 ). Flowers small d u ll ye llow ish  green.

B le t i l l a  hvaclnthina Rechb.f.

A t e r r e s t r ia l  species with round compressed -

pseudo bulbs ty p ic a l ly  subterranean. Leaves stalked at base, 

fo lded  above, l ig h t  or dark green 30 to  60 aen ti meter t e l l .  

In florescence s o l ita r y  appearing from the middle o f the
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expanding shoots. Flowers 4 to  6 In number, roser-purple. 

Hiaiua w a llldh l H k .l. (Syn. Phalua t  ankervillae)
t

A cultivated te r re s tr ia l orchid with t igh tly  clustered 

rather Irregu lar du ll green pseudo bulbs, leaves 3 to 4,

90-100 centl meter long,> fo lded, narrowly e l l lp t lo ,  acuminate'^ 

In florescence stout, borne from the base o f  the pseudobulb, 

more than 123 centl meter t a l l .  Flowers 10 to 25 opening 

In  succession. Flowers white outside and red brown inside, 

o ften  with yallow i ch margins, braot la rge - f r a g r a n t l i p  

large mostly w h itld i outside (P la te  1 .2 ).
.  I _

Spathoglottls p lica ta ; B1

I t  i s  on ever blooming terrestria l, cu ltivated 

orchid, the pseudobulbs are t ig v t ly  clustered, avoid to 

rather oonical, o ften  ir r e g u la r ,,45 centl meter t a l l ,  bright 

or du ll green, strongLy ringed, leaves sheathing, lin ea r- 

lsnceolate, acute or acuminate, more than 60 c en tl meter long,

5 to 7 cen tl meter wide, fo lded. Inflorescence erreot, 65 to 

75 cent! meter t a l l  and wi-Ui 15 to  25 flowers. Flowers la rge, 

pink braots persistant, flowers opening successively over a 

very long time. Four d iffe ren t va r ie tie s  with d ifferen t 

colours are known (P la te 1 .3 ).

Buidandrum radioanss Pay. ex Id l

Also known as Epldendrum ibaguense. the plant 

reed-like, having t a l l ,  Slender stem with rather widely spaced 

short leaves end long a eria l roots. I t  I s  usually trained on 

supports, She t a l l  erreot stem bear dense d u s te r  o f  a spear 

shaped head o f  2 -$p 5 oentl meter b r i l l ia n t ly  coloured red
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DOTEHEUT ORCHID affiCXES.

1 . g m b lf i lu a  nondtilliin

2. Hmlua unj.ll eh ii

3* £p_atK<ifl3,ottla pJUaota 

4* Epidenaram gpdloms 

5* Vend a ooeruloa 

6* Sondrobiurn noochaijuta

7« DcadTObiun ploraiflil
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flow ers (P la te  1 .4 )

Vanda ooerulea G r i f f .  ex I d l .

An ep iphytic  orohid native  o f  Himalayas, stem robust, 

150 cen tl meter t a l l ,  very  densely le a fy , lea ves-lea th ery , 

usually y e llcw l Shagreen, 25 cen ti meter long and 2 to  3 centi 

meter w ide, l in e a r - l ig u la te , deeply channelled above and 

keeled beneath. Ir re g u la r ly  cut and toothed at apex, In f lo r e -  

scence-errect o r  arching, to  60 c e n t i meter t a l l .  P lovers 

5 to  15 in  number h igh ly  va ria b le  in  shape, co lour and B ize. 

P lovers  pale blue w ith  dark re tic u la te  marking. I t  flowerB 

mostly in  autumn-winter (P la te  1.5 )

Dendrobium moschatum: (\ iilld ,)SW .

This i s  an ep iphytic  orch id  n a tive  to  Himalayas. 

Pseudobulbs arching o r  pendulous, strongly  striped with du ll 

brownish purple s tr ip es , leaves oblong to lob long-ovate, 

BtrongLy veined, lea thery , acuminate to  15 centi meter long, 

deciduous. In flo rescen ce- a spike w ith 5 t o  10 flo v e rs  

pendulous, produced from near t ip  o f o ld  pseudobulbs. P lovers 

8 cen ti meter across, heavy textured, musk scented ereamy-buff 

flushed with rose purple (P la te  1 .6 ).

Dendrobium p ie r a rd ii iRoxb.

Shis species i s  native o f  In d ia  and Ohina and 

d istr ibu ted  in  Himalayas to  Burma. Pseudobulbs v e ry  slender 

stem lik e , pendulous o r drooping to 150 cen ti meter long. 

XeaveB-deciduous, rather s o ft  textured to  120 oen ti meter long,



40

s e s s ile ,  lanceo la te  acuminate, In florescence-1  to  5 flow ers, 

short stalked, produced from o ld  le a f le s s  pseudobulhs• Flowers 

5 cen ti meter across, fragran t, very  f r a g i le  in  tex tu re, o ften  

sem i-transparent. Flower—P a le  blush white o r  rosy—blu ish .

I t  flow ers  during spring to e a r ly  summer (P la te  1 .7 ).

Vanda te re s  (Eoxb) 111.

Ehe species is  h igh ly  ornamental and i s  used as 

cu tflow er, n a tive  o f  HimaLayan fo o t  h i l l s  and Western ghats.

I t  i s  almost ever-bloom ing in  tro p ic b . Stem te re te , o ften  

pro fu se ly  branched near base and above aid form ing denBe 

tangled masses freq u en tly  few meters in  len gth , le a v es -te re te , 

s im ila r  to  the stem, 10 to  20 oen tl meter lon g ,d is lfch o u s ly  

and a lte rn a t iv e ly  arranged at ai acute angle to  the stem, 

erreo t o r  ra th er sharply ascending. In flo rescen ce - 15 to  50 

cen ti meter long borne opposite to  the l e a f  bases from upper 

part o f  the stem bearing 3 to 6 flow ers , which are lo o s e ly  

arranged. Flowers 5 t o  10 cen ti meter in  diameter, lo n g  

la s t in g , va r ia b le  in  co lou r, l i p  funnel shgied ye llow  lin ed  

w ith purjjlieh  brown aid speclcled w ith red lobe i s  deeply c le f t  

and rose purple, frag ran t.

3.2 Seed germination studies

The flow ers o f  the se lected  species were s e l f ­

p o llin a ted  and mature undehised capsules were c o lle c te d . !Dhe 

m aturity i s  a tta in ed  in  28 days in  SnsthoR lottls c l ie n ta  

and in  ten  months in  Vanda te re s . V ia b i l i t y  o f  the seed was
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tasted by d i f fe r e n t ia l  sta in ing method (Singh, 1981) and only 

those capsules in  which the v ia b i l i t y  was more than 75 per cent 

were used. In  most o f  1he cases green pod culture technique 

was used fo r  seed cu ltu re . However, when the capsules had 

dehised the seeds were s te r i l is e d  with 2 per cent ch lorine 

water before sowing.

5.3 Sisaue culture studies

She d if fe r e n t  vege ta tive  parts were co llec ted  from 

the selected species.

3.3.1 Meristem culture

She ££>ical and a x il la ry  meristems o f  Qymbidium 

■pendulum were obtained from young sprouts and peeudobulbs.'

She sprouts aid pseudobulbs w ere, separated from the mother 

p lan t, washed throughly with water a id  teep o l and surface 

s te r i l is e d  with 5 per cent ch lorine water fo r  15 minutes.
I

‘ She outer enclosing le a f  was removed and again dipped in  2.5

per cent ch lorine water fa r  10 minutes. She la t e r a l  and 

ap ica l buds were excised and f in a l ly  washed thoroughly in  

s t e r i le  d is t i l le d  water 2 to  3 times and used fo r  cu lturing. 

S te r il iz a t io n  technique o f  Vanda teres  aid Enidendrum radioanB 

were almost same as Ovabidium. but the Vanda and Enidendrum 

stems are very  hard at base and s o ft  at the top , the a x il la r y  

meristems were enclosed with only one l e a f  Sheath and on ly 

the top 6 t o  7 nodes were used fo r  ex tra c tin g  exp la its . She 

stem sections with the bud were washed thoroughly with 

water md teepo l and surface s t e r i l iz e d  w ith 2.5 per cent 

ch lorine water fo r  10 minutes. She le a f  sheaths were seperated
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c a re fu lly  and th e  buds were exposed. S ing le  node cu ttings 

1 to  2 jjfiiil Innt ~r long were made . The cu ttings were passed 

su ccess fu lly  through. 5 p er cent and 2.5 per cent ch lorine water 

fo r  5 minutes in  each. They were f in a l ly  washed w ith  s t e r i l e  

d i s t i l l e d  w ater and used f o r  cu ltu ring.'

The same procedure was adopted f o r  Dendrobium w le ra rd li 

except th a t th e  cftlorine w ater used f o r  i n i t i a l  s t e r i l iz a t io n  

was on ly  5 psm cent and tim e o f  treatment was 15 minutes. Tbs 

th in  sca le lea ves  were removed end made in to  nodal cu ttings 

as in  Vanda te r e s .

3 .3 .2  Preparation  f o r  ro o t oultures

Boot erplante of Dendrobiua moschatum were c o lle c ted  

from the young a o r ie l  ro o ts . Boot t ip s  (2  centim eter) long 

were removed and washed in  d is t i l l e d  water w iih  teep o l. Surface 

s t e r i l iz a t io n  was done w£feh 3 per cent and 1 per cent sodium 

h ypoch lorite  so lu tion  fo r  10 to  15 minutes, F in a lly  washed in  

s t e r i le  d is t i l l e d  water and cu ltured.

3 .3 .3  Media used f o r  cu lture studies

The fo llow in g  f i v e  d if fe r e n t  media were used f o r  

the experiments.

1. Knudson 0 medium

2. Murashige--3koog medium

3. Vacin m d Kent medium

4. B u rgeff HjP medium 1

5. M odified Vacin and Went medium.

42



Further modifications to these media were made by adding 

grosrth substances end other organio complex additives. She 

composition o f the media sad the method o f preparation ere given 

in the table (Sable 1 to 5) • 1

Sable 1. Composition of Knudson 0 medium.

43

Components 1 Quantity
per l i t r e  of 

1 culture
medium

Caloium nitrate, OaGfOgJg 4 Hg? 1000 mg

Honopotassium phosphate, EHgPÔ 250 ft

Hagnesium sulphate, Mg SÔ  THgO 250 "

Ammonium sulphate(BH^)g SÔ 500 n

Ferrous* sulphate, FeSÔ  THgO 25 “

Manganese sulphate, KnSÔ  ®SgO 7..5 "

Sucrose 20 e-
Distilled water to make upto 1000 ml

Agar 9 e



Sable I I .  Composition o f  Murashige-Skoog medium
44

Components , Quantity per l i t r e
o f -die culture 
medium

Macro element a
Ammonium n itra te , BH  ̂ Ho^ 1650 mg
Potassium n itr a te , KKO  ̂ ' 1900 mg

Calcium ch loride,Caclg* Sig® '
Magnesium sulphate, MgSo^. 7 HgO *70 mg
Potassium phosphate, BHg ■P04 , 170 mg
Iron  chelate (Nag E1>IA) 37*39 mg
Ferrcua sulphate, FeSo^.7 HgO 27.80 mg
Hloro elements
Boric acid, H3 BO  ̂ : 6.20 mg
Manganese sulphate, MnSQ .̂ 7 HgO 22.50 mg
Zinc ch lor id e , Znclg 5.93 mg
Potassium iod id e , EC 0.85 mg
Sodium inolyhdate.Hag H0^« 2 HgO 0.25 mg
Copper sulphate, CuSo^. 5 HgO 1 0.025 mg
Cubalt ch lo r id e , Cocl^. 5 HgO 1 0.025 mg
Sucrose 53 g
D is t i l le d  u©ter to mate upto 1000 ml
Agar 9 g
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I  ab le  X II . Composition o f  V acin aid  Vent medium.

Components Quantity per l i t r e
of culture medium

Irtoalcium phosphate, Câ  ( ^ 4)2 2®° nS

Potassium nitrate, EEO, 525 mg

Potassium phosphate, KHg K)^ 250 mg

Ammonium sulphate, 30̂  , 500 mg

Perrio tertarate, Pe2 <°4H4°#3 1 28 “ e

Henganese sulphate, MhSÔ . 4 H20 7.5 mg

Magnesium sulphate, MgSe .̂ TĤ Q 250 mg

Suorose 20 g

D istilled vater to make upto 1000 ml

Agar 9 g
I



Table XV. Composition o f  Burgeff H-F medium.
4

Components Quantity per l i t r e  
of oulture medium

Solution A- 1

Calcium nitrate, Ca (SiSSjg. 4 HgO 1000 mg

Ammonium sulphate, (1IH4) 2 26̂  250 mg

Msgneeiurn sulphate, Kg 20̂ . 7 HgO 250 mg

Ferrous sulphate, FeS0 .̂ 7 H20 , 20 mg

Distilled water 500 ml

Solution B.

Monopotassium phosphate KH2P0̂  250 mg

Dipotassium acid phosphate KgH PÔ  250 mg

Distilled water 500 ml

Solution A and B were mired together after preparing 

separately and to the combined mixture added 

Sucrose 20 g

Agar 9 g
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Sable T. Composition o f modified Vacin m& Went medium

i

ComponentB

1

Quantity per 
l i t r e  o f culture 
medium

Irics lo iu m  phosphate, Ca^ 200 mg

Potassium n itr a te , EliO^ 1 525 mg

Potassium phosphate, EKg ^ 4 250 mg

Ammonium sulphate g So^ 500 mg

F err ic  ta rta ra te  Pe2 ( 0^ H^Og)^ 28 mg

Manganese sulphate, I-toSO .̂ 4 HgO 7.5 mfi

Ilagnesium sulphate, HgS©^. 7 HgO 250 mg

Sucrose 20 g

Coconut water 250 ml

D is t i l le d  water t o  mdce upto 1000 ml

Agar 1
1

9 g



A stoete eolation o f nutrients vest prepared f ir s t  hy 

dicsolui'm tb* know gamttty o f achaaloal Bspsretely i »  on* 

U ^ rt of d istilled  «&tw end stored la  coloured bottle end kept
I

la  a rofrig»s*tor. Solution* c50nta.ini.ng ocasontoa qt& nitrate

sey beegaa oontaninoted while in atorage. Benca no Stettin
I

eolation t.'ca preata-ad. A naif ora co.ieoatecAton o f  to GO jjpn 

waa cne^ased both gar naon) esid csioro nntsienim. 2h® qu entity 

o f auSstenta a* detailed in  SaKla t to  5 vevt noncusad end ths 

madia um» prosarea. Suosee* asd tsgssf ver* added directly 

into the ?ssjsr*il m f l©  a fio r odjBjrting toa sS between 5.2 to 

5*3* * ie  nlxtin* vaa then heated fo r  dissolving too eg®  into 

the media. A fter the anas was dissolved to# n&Jiua was poured 

into toe culture tubes rad fteeJas fa r  mtoc&evine.

I
For preparation of i&raShigs-Skeog aefti a. Sag E3CA 

ana xeSo .̂ (sable 2) ware added to one l it r e  o f distilled 

water and leapt at 60*0 for few hours,tea a l of thin mlutloa 

vat used per l i t r e  o f the iwdittH.

Vhllt propertns Vacin end Uc it gnd aodified - *

Vaaia aid ',.911® sella* S ricS l«U » phaaphata (Sabi# 3 and &) ware
I

fir s t  liecwlvod in aiaiaua (jim tity o f t s HQl *ad the voluaa 
vat* aaie upto 1000 a l

liquid nediuii aaa pEepesad without adding agar.
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3*3* 5 Adjustment o f  tH

Ohe jE i s  very  o r i t ic a l  only daring the ea rly  stages

o f germination when the seed lings are le s s  s en s it ive  to  d i f f e r ­
ences in  pH (Knudson, 1951)* Hence the pH o f  a l l  media were

maintained between 5*2 and 5*5* She le v e l  o f  pH was measured

with 'EI1C0* e lec tron ic  pH m eter.1 She adjustment o f  jJH was

mode by using PA HC1 or ITh&H.

3*3*6 Auto claying

She autoclave in  the laboratory i s  a horisantE l type 

which csa hold  about 30 to  40 flasks  o r  200 tubes at a time*

The flasks  with the media were auto c l  eyed at 15 pounds per 

square inch pressure f o r  a period o f  20 minutes. She fla sk s  

were then taken out and allowed to  cool and s o l id i fy .  The
i

inoou lation  was done a fte r  3 to  4 days to  ensure that the fla sk s  

were free  from contamination.'
!

3*3*7 Sowing o f  seeds [

oA
She sowing o f seeds were done Inside the inocu la­

t io n  chamber f i t t e d  w ith an u lt r a  v io le t  tube. She mature 

undehised capsules were surface s te r i l iz e d  w ith  a lch o l. Tbe 

capsules were flamed and then out open w ith  a blade and the 

seeds were sow  on the medium and the fla sk s  closed w ith  cotton 

plug and kept in  the culture chamber*

3*4 Growth regu la tors

The standardisation o f  media was done with f i v e  

basic media except the m odified Vacin and Uent medium which 

contain coconut water also*

I



50
The add itive  includes growth sutstances, including, 

hormones and other complex add itives . Three important group 

o f growth substances (auxins, g ib b re llin a  and cytok in ins) were 

used in  these experlrBnts.

3*4-1 Auxins

In  the present study four auxin a (both natural end 

synthetic) were used.

A stock solu tion  of IAA 1000 ppm was prepared by 

d isso lv in g  500 mg o f  IAA (Slgme) in  a smallquantity o f  ethanol.

The volume adjusted to  500 ml w ith d is t i l le d  water, This 

hormone was incorporated in to  the media at three concentrations 

o f  1, 3 and 5 ppm fo r  seed culture studies.

Haphthaline acetic  a c id  (NAA)

A stock so lu tion  was prepared by d isso lv in g  500 mg 

o f  HAA powder (SIGMA) in  a small quantity o f  ethanol and the volume

was adjusted to  500 ml w ith d is t i l le d  water. Required amount
I

o f stock solu tion  was mixed w ith culture medium before

auto c lov in g. Three concentrations 1 , 5  end 5 PPn were used0
fo r  seed and merlstem culture studies.

i
2.4—Dichlorophenoxyacetic eCid (2 .4—S)

A BtoCk so lu tion  o® 1000 ppm was prepared by d issol­

v in g  500 rag o f powder (SIGMA) in  minimum quantity o f  ethanol 

and the volume adjusted to 500 ml w ith d is t i l le d  water and

stored in  a coloured b o tt le  in  a re fr ig e ra to r . Three concen­
tra tion s  1, 5 and 5 ppm were used f o r  seed germination studies.
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3. 4.2 GlbbegelliattAflid (G A j

' a

A stock so lu tion  o f  1000 ppm was prepared by d isso lv in g  

500 Eg &Aj powder (SIGMA) in  minimum quantity o f  JffaOH end the 

volume made up to  500 ml w ith  d is t i l le d  water and stored in  

coloured b o tt le  in ,a  r e fr ig e r a to r .  D iffe ren t concentrations

0 .1 , 1 and 3 ppm were used f o r  the experiments. Adequate amount 

o f  the stock so lu tion  was incorporated with ihe media before  

au toclaving.

3 .4 .5 . Cvtoklnlns
i

Two cytok in ins UBed fo r  the experiments were k in e t in  

and benzyl adenine (B A ). A stock so lu tion  o f  both substances 

were prepared at 1000 ppm and stored  in  a coloured b o t t le  In  

r e fr ig e r a to r .  500 mg o f  the power (SIGMA) was d isso lved  in  

a sm all quantity o f  1H HC1 and th e  volume _

" "  /made to  500 a l  w ith  d is t i l l e d  water and adjusted the

jffl. Concentrations 1 , 3  a id  5 ppm were used f o r  various experi­

ments. Adequate quantity o f  the stock  so lu tion  was incorporated 

w ith  the prepared medium b efore  auto c la v in g .

3*4.4 Other complex add itives

Other complex add itives  such as coconut water

(the l iq u id  inside the nut) mature unripe banana and tomato
,  i

ju ic e  were also used along w ith  th e  media to  study th e ir  e f fe o t  

on germination,growth and development. Coconut water was
i
i
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co llec ted  from terrier coconuts and f i l t e r e d  through cheese 

c lo th  end stored in  a fr e e z e r . Mature but unripe banana fru its  

were peeled and blended in  a small quantity o f  d is t i l le d  water 

before use* Bipe tomato fr u it s  were blended in  a mlncor and 

the seeds sad pee ls were removed by s tra in ing  through mualia
I

cloth*

3*4*5 Vitamins ,

Vitamins such as n ic o t in ic  acid, pyridoxin  and th iaain  

were used to  fin d  out th e ir  e f fe c t  on growth and development 

o f  orchid seedllnge. F iv e  hundred m illigrams each o f  the 

vitam ins were dissolved in  500 ml o f  water and stored in  a 

b o ttle  under re fr ig e ra t io n . Three concentration I  0*5, 1 

and 3 ppm) were ueed fo r  seed culture*

3*5 Culture conditions

She fla sk s  a fte r  cu ltu ring were arranged on a 

rack and illum inated at 600 lu x  fo r  12 to 14 hours a day*

She temperature o f  Hie culture room was maintained a t 25*0 *
ft

2°C, and the humidity range vas 60 to  70 per cent* She 

culture room and the surroundings were kept clean end aseptic .

3*6 Observations made ,

She follow ing observations were recorded p e r io d ic a lly .

1. Humber o f  days taken f o r  greening

2. Germination percentage
I

3* Humber o f days taken f o r  f i r s t ,  second, th ird  and fourth  
le a f  stage. |
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4. P la it  freight ia  120 to 135 dears

5. Humber o f  leaveB in  120 to 135 days

6. Humber o f roots in  120 to 135 days

7. Root length, ia  120 to \Jy days

8. Rresh and dry weight in  120 to 135 days.

3* 7 Tissue culture
^  i

Tissue culture studies were conducted with d iffe ren t 

vegeta tive  parts o f four species. The species are O.vmbidlum 

pendulum. Vanda te re s . Rendrobiuu p ie ra rd ii and Epjfcindrum 

radieans. She vegeta tive  parts used were qp ica l and ax illa ry  

buds, roots end o f f  shootd.

3.7.1 Preparation o f  explant m aterial fo r  oulturing 
Cvmbidioia pendulum. BL

Young PBeudobulbs emerging from the base o f  the old. 

plants were cat end removed, they were f i r s t  washed w ith water 

ald'j, a few drops o f  detergent (T eepo l). She surface s te r i­

lis a t io n  was done with 5 per cent sodium hypochlorite so lu tion . 

The le a f  sheaths enclosing the meristems were removed one by 

one. Removal o f  each Sheathr was followed by a dip in  lower 

concentration o f  sodium hypoch lorite . The concentration was 

gradually reduced and f in a l ly  the meristems were washed 

thoroughly in  s te r i le  d is t i l le d  water. She plant material 

was then inoculated in to  the liqu id  medium selected fo r  the 

study. The media was continuously agitated on a ro tary Shalce.e 

at 160 2pm.1 The liq u id  medium was changed a fte r  every two 

months*
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Vanda te re s . G r i f f ,  ex  Xdl. 54
She top most 6 o r 7 nodes were uBed f o r  cu ltu ring . The 

c y lin d r ic a l leaves  were cut aid removed and the stem sections 

were surface s t e r i l iz e d  w ith 5 per cent sodium hypoch lorite  

so lu tion  fo r  5 to  15 minutes. The sections were then ta te i 

out azd the l e a f  sheath covering the a x il la r y  buds were removed 

and again dipped in  low er concentration  o f sodium hypoch lorite 

( 3 and 1 per c e n t ). S ingle node section s were cu t t o  a 

len g th  o f 1 to  2 cen ti meter and thoroughly washed in  s t e r i le  

d is t i l l e d  water and inocu lated onto the se lected  medium. The 

a p ica l meristems were also used f o r  cu ltu ring. The a e r ia l 

ro o ts  on the opposite s ide o f  the a x i l la r y  buds were cut at the 

base and removed b e fo re  in ocu la tion .

Dendrobium Pierardii

The mature stem b e fo re  flow erin g  was used fo r  

cu ltu re stud ies. Only the top 5 to 6 a x i l la r y  buds were used. 

The lea ves  were f i r s t  removed and th e  stem sections dipped in  

Sodium hypoch lorite  so lu tion  ( 5 per cent) fo r  5 minutes. Tto 

sections were then taken out and th e  le a f  sheath surrounding 

the a x i l la r y  buds were peeled o f f  and cut in to  s in g le  node 

cu ttings o f  1 to  2 cen ti meter long . S ingle node sections 

were fu rth er s t e r i l iz e d  wiUi lower concentrations o f  sodium 

hypoch lorite  ( 3 and 1 per cent) and fx n a lly  washed thoroughly 

in  s t e r i le  d iB t i l le d  water and then inocu lated onto the medium.

Epidendrum radioans. D.

The top 5 to  6 buds were used f o r  cu ltu ring, 

lea ves  were removed and surface s t e r i l iz e d  w ith sodium



hypochlorite ( 5 per oent) fo r  10 minutes. The ax illa ry  buds 

w en  removed, single node sections were fu rther s te r i l iz e d  in  

lower ooncentration o f  sodium hypochlorite ( 3 and 1 per oent) 

and f in a l ly  washed thoroughly In s te r i le  d is t i l le d  water. Tte 

a x illa ry  buds on the flow er stalks were also used. These buds 

were more developed than the a x il la ry  buds on the stem and 

la t e r  develop to  form k e ik is  ox offshoots.

3.7.2 Root oulture

Root culture studies were conducted with Dendrobium 

mosohatum roots . The a eria l roots h a lf to  one oentimeter 

long were surface s te r i l iz e d  with 1 per oent sodium hypoch­

lo r i t e  solu tion  fo r  a period o f  10 minutes, roots sheaths
I

were removed, and washed thoroughly in  s t e r i le  d is t i l le d  water
i

and inoculated on d iffe ren t media.

3.7.3 Culture media fo r  the study

Three types o f  media were prepared. A basal
1

l iq u id  medium fo r  callus in it ia t io n , a s o lid  medium with 

add itives fo r  o a liu s p ro life ra t io n  and a so lid  medium with
I

additives fo r  d iffe ren tia tio n  o f shoot and roo t.
I

A liq u id  medium was prepared and poured in to  150 ml

eclenmayer conical fla sk s  (30 m l'in  each ). The flasks were
I .

closed with cotton plug and autoolaved at 15 P81 fo x  20 minutes 

and then cooled. I

The explant0 were inoculated on the liqu id  medium
I

and the flasks  were kept on a rotary shaker (EKBHVEB) and 

agitated at 160 rpa.
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A so lid  radium was used f o r  the pro l i f e r  a tion o f the 

tissue* S u ffic ie n t ly  grown tissu e in  the liq u id  medium was 

sub-cultured in  a s o lid  medium contain ing other additives 

fo r  p ro life ra t io n . A so lid  media was prepared and f i l l e d  in  

200 *  25 mm culture tubes at the ra te o f 25 ml in  each tube 

and closed w ith a screw cep and s t e r i l iz e d  by antoolavLng at 

15 d s i pressure fo r  20 minutes*

A th ird  type o f  so lid  medium with the add itives m ere 

prepared fo r  d if fe re n t ia t io n  o f  th e  e e llu s  developed in  the 

l iq u id  and s o lid  medium.

3.7.4 Sub-culturing f o r  ca llu s  p ro life ra t io n  and d iffe re n t ia t io n

i s
She ca llu s p ro life ra ted  on l iq u id  medium/ready fo r  

sub-culturing in  about 2 to  3 months time. S o lid  medium wiifa 

growth substances and other complex add itives wgjeused f o r  

d if fe re n t ia t io n . IIAA at the ra te  o f  1 ppm and coconut water 

at 13 per cent were used along w ith the so lid  medium.

By using s t e r i le  sca lpe l th e  ca llu s tissue was cut 

in to  small p ieces . Shese small p ieces were taken out o f  the 

f la s k  with a s t e r i le  forceps and put a sep tica lly  in to  the 

tubes with so lid  media. The tubes were kept in  the culture 

room under a l ig h t  illum ination  o f  600 lux f o r  12 hours a day 

f o r  d if fe re n t ia t io n  in to  p la n tle ts .

3.7*5 Culture condition

She inoculated tubes were la b e lled  and arranged
1

in  cu lture tube racks aid placed in  the culture room where the 

l ig h t  in ten s ity  was maintained to 600 lux. ^ ,3, a temperature
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o f 25fC i  2°C. The humidity was maintained at 60 to  70 per 

n ’ '
oent and the cu lture room wan kept clean End aseptic .

I
3.9 Observations recorded

-  i

The data were co lle c ted  on the fo llow in g aspeots.
I

Merlstem oulture

1. Number o f days taken fo r  swelling o f  the meristems

2. Humber o f  oulturea which pxoduoed ca llu s

5. Humber o f  le a f  and roo t prlmordia in it ia te d  at monthly 
in te rva ls *

4. Height o f  p lan t at 4 l e a f  stage

5. Green and dry weight

Hodal culture i

1.; Humber o f  days taken fo r  sw elling o f the nodee

2, Humber o f  explants whitfc. produoed ca llu s  o r  p lan tla to

3« Humber o f  l e a f  and roo t prlm ordia produced at monthly 
in te rv a ls

4 . Height o f  p la it s  at 4 l e a f  stage 

Boot cu lture

1. Boots extended at monthly in te rva ls

2. Boots in it ia te d  ca llu s
I

3. General growth End development

3.9 Histoohemical studies

I t  has been rqporfced by many workers tha t the 

parenehymaL o e l ls  o f  the protocorms accumulated substantial 

quantities o f  carbohydrates (in so lu b le  polysaccharides),
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Insoluble proteins, HN A, DBA aid lip ids, which disappeared 

gradually with the senesoenoe o f Hie perendhymatou» region 

(Hioardo and Alvarez, 1971). Various tissues from B le tllla  

hvaclnthina and Dendroblura uierardll were subjected to 

histochemioal studies to study the ohenges taking place at 

different stages o f  p la it devaLopnent. Callus obtained from 

seeds (PIB 's), stems m i the Pseudo bulbs at different stages 

of growth were used for Hie study.

3.9.1 Preparation of plant material a for histochemical studies

The tissue used fo r histochemioal studies were taken 

from the developing seeds o f B3etllla hvaolnthina and the
I

oallus from the la tera l buds o f Decdrobium nierardli . She 

various ce ll components and their variations at different 

stages o f development give a comprehensive a&count o f 

differentiation of tissues and organs during plant development

3.9.2 H m t material

She seeds, seed oallus (Protocorm like bodleslPIB's), 

pseudobulbs m i stem oallus at various stages of development 

were used for histochemioal studies.

3.9.3 K illing m i fix ing

, She materials were fixed in  a fixative after k illin g . 

Swo different types of fixatives were used during Hie present 

studies . Formaldehyde, acetio *oid, and ethyl alcohol(FAA) c  

was; used as fixative fbr the materials used fo r  localising 

insoluble Polysaccharides, while Camoy's B fixative was used



59

fo r  the tissues used fo r  lo c a lis in g  insoluble proteins, SNA 

and RNA. She composition o f FAA and Caxnoy's B are as below: 

FAA Camoy1 s. B.

Ethyl aLcohOl ( 50 per cent)-50 ml Ethyl alcohol -  60 ml

G lacial acetic  acid — 5 ml Chloroform -  30 ml

Formal dehyde (40 per cent) -  5 ml Acetic acid -  10 ml

The plant m aterial was immersed fo r  24 hours in  EAA and washed 

in  50 per cent alcohol and 1 hour in  Oamoy's Solution B and 

washed in  75 per cent e th y l aloohol before subjecting to 

dehydration*

5*9.4 Dehydration

Ethyl alcohol and N.butanol were used fo r  dehydration*

She p lan t materials were passed through 70* 80 * 90, 95 per cent 

alcohol and f in a l ly  two changes in  absolute eth y l alcohol.

She materials were then changed to  3*1, 1:1 and 1 alcohol— 

butanol mixture*- and f in a l ly  two changes o f  pure but m o l were 

given* In  each grade the materials were kept fo r  a period 

o f 4 to  € hours*

3*9*5 In f i l t r a t io n

A mixture o f  p a ra ffin  wax and b ee 's  wax (9 i1 ) was 

used both fo r  in f i l t r a t io n  and embedding. Shin peelings 

o f  wax were put into the tubes containing tissue aid butanol. 

She wax gradually dissolved in  the butanol t i l l  the solution 

became saturated. Shese tubes containing the m aterials and
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wax-butanol mixture was poured o f f  and replaced with fresh  

molten wax. Shis proodss was repeated several, time t i l l  butanol 

if as completely replaced with, wax.

3.9*6 Embedding

Paper boat method was employed f o r  embedding. Small 

square paper boats were placed on a g lass p la te  kept over an 

ic e  b lock, She molten wax and the p lan t m aterials were poured 

into the boat and a la b e l was fix e d . She wax was allowed to  

s o l id i fy  by imnensing the boat sloWLy in  co ld  w ater.

3.9*7 Sectioning

She plant m ateria ls arrange!in  the groups were out 

in to  small wax cubes o f about one oen ti meter s iz e .  Li 

Section o f 3 pH thickness were taken* -JjhptaughErnia microtome 

and kept ready fo r  sta in ing.
I

She sections were stained w ith  the fo llo w in g  staining 

techniques.

1. P eriod ic  acid s o h i f f s  reagent method o f  s ta in ing I  
in solub le polysaccharide bodies.

i i .  Mercuric bromoplienol blue method fa r  insolub le p rote in s.

i l l .  Peulgen sta in ing f o r  SKA contain ing bodies.

i v .  Soludine blud method f o r  nuclein  acids

v .  Sudan IT  te s t  f o r  l ip id s .



2-10. 1 P e r io d ic  a c id  s B h i f f 's  reagent method

The t o t a l  in so lu b le  polysaccharide d is tr ib u tio n  was 

studied hy th is  method using 0.5 per cent HIO^ in  d i s t i l l e d  

w ater as an oxidant. P e r iod ic  acid exposes aldehyde groups 

from the po lysaccharides. These aldehyde groups w ith  fuchsin  

and sulphurous acid y ie ld s  a t y p ic a l magenta co lou r.

Preparation  o f  s ta in s  and s ta in in g

S c l i i f f 's  reagent was prepared by m ixing 1 g b as ic  

fu chsin  and 2 g potassium m etab isu lph ite w ith  100 ml o f

0.15 HHC1 in  an s i r  t ig h t  contained and the contents were 

a g ita ted  rep ea ted ly  fo r  24 hours. A straw ye llow  coloured 

so lu tion  was ob ta ined . The so lu tion  was fu rth e r  c lea red  by 

adding 100 mg a c tiva ted  charcoal and f i l t e r e d  a ft e r  shaking.

The s lid e s  con ta in ing the sections were depara- 

f f in is e d  by passing through 2 grades o f x y lo l  f o r  a period 

o f 10 minutes each. Tho section s were hydrated stepw ise by 

passing through butanol, a lcoh o l, grades o f  a lcoho l (80, 70 

and 50 per cen t) aid water by keeping in  each grade f o r  5
t* -

m inutes.

The s lid e s  were immersed in  1 per oent so lu tion  

o f  p e r io d ic  ac id  a t room temperature f o r  15 minutes, washed 

in  running w ater f o r  10 minutes and sta ined w ith  s c h i f f 's  

reagent fo r  15 mrnutes at room temperature. Again the s lid e s  

were rin sed  in  water f o r  10 minutes. The seotions were bleached 

w ith  2 per oent potassium m etabisu lphite f o r  one minute to

61
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remove superfluous ccid and rinsed in  running vector fo r  10 

minutes*

Sections wore dehydrated by p casing through d iffe ren t 

grades o f  alcohol (50, 70 , 00, 90, 95 per cent and absolute 

alcohol, alcohol butanol aisturoe (3 :1 , 1:1 and 1:3) end 

f in a lly  through butanol. She sections were fu rther cleared by 

passing through x y lo l and f in t i lly  noun tod in  !>*£•

3.10,3 Xodino-PotsBBluin iodide fo c i)  teat fo r  a t e r  oh a

Shis method vas used s p e c ific a lly  to locate starch 

bodies in  the c e lls .  She do par o f f  in i sed end hydrated sections 

were immersed in  IKX solution fo r  10 minutee ebi!  washed m ild ly 

and mounted in  water.

3*10.4 Mercuric bromophenol blue method
\

She mercuric bromophenol blue method vsa used to

lo ca lis e  totdL proteins in  the c e l ls  C~ '  ___ ____ __ J.

  _ '» ffiie s te in  was prepared by d issolving 10 g

mercuric chloride a id  500 mg bromophenol blue ponder In  100 ml 

o f ethanol, fh e  depar o f f  indeed s lid es  were hept in  the otain 

fo r  10 minutes. She slides were then passed through a c id ified
J

water, dehydrated in  alcohol-butanol a eries , doared in  s y lo l 

and mounted in  DEK.

3*10*5 F.eulsen staining fo g  DMA

Shis method was used to  lo ca lis e  D1JA using the 

o lase ioa l Feulgen reaction* On hydxolysiB with normal HOI
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the purin& containing fra c tio n  o f  OTA i s  separated from the 

sugar, unmasking ihe aldehyde groups o f  the la t t e r .  Further 

the exposed aldehyde groups en ter in to  combination irith  _ 

fuchsin sulphurous acid to  y ie ld  a ty p ic a l magenta oolour.

She s lid e s  were depara ffia ised  brought upto alcohol 

l e v e l ,  coated w ith c e llo id in , and hydrated. She sections 

vere hydrolysed in  5 IT HOI at room temperature fo r  a period  

o f  15 minutes. She e lid es  were washed thoroughly in  running 

water ea& stained w ith  leucobasic fuchsin fo r  10 minutes.

A fte r  bleaching w ith  2 per oent potassium metablsulphite 

they were washed in  running water. Sections were then dehy­

drated, c leared  and mounted in  DH£.
I

3*10.6 Toludine blue method f o r  PSA and HIT A

i
She OTA and OTA are loca ted  by the use o f  toludine 

blue with mercurin Chloride o r  potassium iod ide. Ehe 

mordanted, dried dye yieldB  a very  intense colour staining 

both tb.e types o f  nucle ic  acidB. The sections were deparaff— 

in ised , hydrated and immersed in  one per cent aqueous solution  

o f toludine blue (iH  6.7 to 7*0) fo r  15 minutes. She 

s lid e s  were washed in  running water, dehydrated, cleared in  - i 

xyloland mounted in  DEX end observed.

3.10.7 Sudd an I I I  tes t f o r  lin id a

llhole mounts o f  seeds were used f o r  staining 

the l ip id s .  Seeds were spread on a i l id e  w ith a drop o f 

g e la t in  and covered with cover s l ip ,  which waa pressed gently



fo r  proper spreading. She cover s l ip  then removed ca re fu lly  

and the seeds Here stained w ith a saturated a lcoh o lic  so lu tion  

o f  Sudan I I I *  S lides were washed inalchhol and mounted in  

gycerine.

3.11 ^Photomicrography

Various stages o f development were photo mi crograjhed 

w ith the help o f  Olympus binocular microscope a id  Olympus 

camera SMS. by using slow speed f i lm  IK  5*

3.12 O vto loa ioa l analysis o f ca llu s  oultures

^ e l l  grown fresh  ca llu s bodj.es were tafcen out o f  

the f la t s  and thoroughly washed in  d is t i l l e d  water, the oallus 

was pretreated with 0.002 M 8 hydroxyquinoline f o r  2 to  3 

hours at 14°C. A fte r  Hie pretreatment the ca llus was fix ed  

in  a mixture o f  1s1a|j^ chloroform, 9? per oent e th y l alcohol 

and g la c ia l acetic  acid fo r  1 hour and squashed and stained 

in  1 per cent acetoorceln .

She a c t iv e ly  deviding c e l ls  were scored f o r  the 

number o f  chromosomes at Ml and behaviour at A l. A minimum 

o f 25 c e l ls  were scored in  a s lid e  to  know the percentage 

o f  d if fe r e n t  chromosome numbers in  d iffe ren t c e l ls .

3.13 St at le t  l e a l  analysis

She resu lts  o f  the experiments were analysed 

s t a t is t ic a l ly  adopting completely randomised design as 

described by Sunderaraj .et gj., (1972). She experiments f o r  

standardisation o f media were rep lica ted  fou r times and n i l  

the treatments were rep lica ted  three times.
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CHAECBR XV

EXPERIMENTAL RESfflTS ’

Ihe results o f the experiments conducted are reported 

in  th ie  chapter under three major heads*

4.1 Seed culture studies

The e ffe c t  o f d ifferen t nutrient media on germination 

and growth o f seeds, end the e ffe c t  o f  growth regulators and 

other additives on growth of seedlings o f d ifferen t orohid 

species are reported in  me following paragraphs.

4.1.1 Seed structure

The orchid seeds are minute weighing 0.3 to 14 pg.

The seeds o f 1he selected species fo r  the ezperinE nt varied in  

size and structure. B le t i l la  hvaointhina and Enidendrum 

radioans have comparatively large seeds. \Jhlle Bendroblmn 

moschatum seeds are very small aid the seed coat is  almost 

f i l l e d  with embryo (Elate 2.1 t o 5 ) •

4.1.2 B le t i l la  hvaointhina

Hature seeds o f  B le t i l la  hvaointhina from 

undehisced capsules were tested fo r  v ia b il ity . About 83 per 

cent of the seeds contained v iab le  embryos and the remaining 

17 per cent were either s te r ile  o r  wi-fc undeveloped embryos. 

Seeds were sown on d ifferen t media (KC, MS, VW, BH and HTC) 

fo r  standardising a suitable medium fo r  germination and growth. 

The number o f days fo r  greening and further growth were 

recorded.(Table 6 ). The seeds took shortest period o f seven
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days fo r  greening in  Vacm and 1 ent medium. This was fo llow ed  

by KC medium (9 days) and the lon gest tim e was taken on BN 

medium (14 days ). The seeds p r io r  to  germ ination imbibed water, 

sw elled  and formed in to  a protocorm l ik e  body (PIA3) which, la t e r  

d if fe re n t ia te d  in to  shoot,root aid pseudobulb.

The ra te  o f  l e a f  production was fa s t e r  on Vacin and 

Went media.

The growth measurements c£ seedlings ire re recorded 

(Tab le  6 ).  The seed ling heigh t was maximum on TO media (4.57 

cen ti meter) so also the mean number o f  roots (2 .4 1 ), fr e s h  

and dry weight and mean number o f  pseudobulbs (0 .58 ) were 

maximum on TO medium. The mean number o f  lea ves  were maximum 

on BN medium(3 .8p) fo llow ed  by MTOi medium (3 .8 2 ). The root 

length  if as maximum on HWi medium (1.256 oen ti meter) fo llow ed  

by TO medium (1.24 oen ti m eter). Based on the above resu lts  

Vacin md Lent media was se le c ted  as a basic medium fo r  fu rth er 

stud ies.

E ffe o t  o f  growth, regu lators and other add itives

The treatments were applied in id iv id u a lly  m i  also 

in  combinations. The in d iv id u a l treatments wore I  Ah, BAA, IBA 

and 2,4—D at 1, 3 and 5 ppm, QA 0 .1 , 0 .3  and 0 .5  ppm BA and 

K in etin  1 , 3  and 5 ppm, Pyridoxin  aid Thiamin 0 .5 , 1 and 3 ppm 

Coconut water and Banana pulp 10 and 15 per cent and con tro l.

The re s u lts  o f  the experiments are g iven  in  Table 8.

1AA at a l l  3 le v e ls  were superior to  con tro l. Maximum plant 
growth was obtained at 3 ppm.
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Tab2b 6. Effeot o f different nutrient media on seed germination 
and subsequent grouth of B le tilla  hvacinthina seedlings

Nutrient media Ho.of dâ q t.almn for
G r e S - F i r s t  Second Third Fourth
ing leaf lea f lea f lea f

Knudson C.(KO) 9 32 57 80 104
Hur ashig e-Shoog (IIS ) 11 35 60 81 116
Vacin and Uent(VW) 7 28 50 70 89
Burgeff N̂ f CBnJ 14 38 63 86 114

Modified
Vacin and Went (MW) 12 33 56 79 101

Sable 7. Effeot o f nutrient media on groiriih and development 
of B le tilla  hvacinthina seedlings

Hutrient media Mean Percen-
Plsnt leaf Boot Boot Fresh Bs:ŷ a®e
height number number length wt. wt.

Knudson C.(KC) 2.754 2.99 1.86 0.649 41.78 2.98 7.13
Murashige-SkoogCffi) 2.534 3.16 1.75 0.841 63.63 3.88 6.09
Vacin and Nent(VW) 4.570 3.55 2.41 1.240 88.79 5.50 6.19
Burgeff NjFCBN) 1.961 3.85 1.64 0.985 46.81 2.95 s. 30

Modified Vacin and 
Went (MW) 1.924 3.82 1.70 1.256 46.50 3.00 6.45
F-Sest ■*» ** * ** * *
S-Em+ 0.195 0.195 0.133 0.042 0.2® 0.62
C.D. 0.60 0.301 0.409 0.130 0.743 1.91

* Significant at 0.05 ** Significant at 0.01 NS Not significant
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NAA at 3 le v e ls  produced b e t t e r  r e s u lts . Maximum p lan t

heigh t (36.59 mm), l e a f  and ro o t  number (3*86 and 1 .4 1 )» ro o t 
" and '

len gth  ( . 8 .2 7  nan) aid freshi/dry w eigh t -were obtained w ith  1 ppm

NAA. NAA at 3 and 5 ppm produced more ca llu s  along w ith  few

plaih tle& s ib a  did not g iv e  any good r e s u lts  a t a l l  th e  3 le v e ls .

No p la n t le ts  were formed on treatm ents w ith  2, 4“ D, 

w h ile  heavy ca llu ss in g  was observed et a l l  3 l e v e ls  and w ith 

optimum a t 1 ppm. H igher le v e ls  o f  2, 4~D caused blabkening 

o f the ca llu s  bodies fo llow ed  by degeneration .

GA treatm ents a t 0.1 aid 0.5 ppm le v e ls  w ere su perior 

to  c o n tro l in  characters l ik e  p la n t h e igh t (28.65 mm), l e a f  

number (3 *0 ),  r o o t  number (1 .1 ) ,  ro o t  len g th  (6 .6  mm) and 

green end d ry  weight. BA a t any l e v e l  i s  n o t comparable w ith  

co n tro l. But k in e t in  at h igh er l e v e ls  (3  and 5 ppm) were 

s l ig h t ly  su p erio r in  p lan t h e igh t, and green  and dry w e igh t.

The best re s u lts  were obtained w ith  3 ppm k in e t in  on p lan t 

h e igh t (15*67 mm), ro o t number (0*52 mm), ro o t  len g th  (1 .4 2  mm) 

and green  and dry w e igh t, fhe l e a f  number was maximum at 5 ppm 

l e v e l  (2 .66  ) .

E f fe c t  o f  vitam ins

Vitam ins such as n ic o t in ic  acid , pyrodoxln and 

thiam in at a l l  the th ree le v e ls  did not g iv e  any s ig n if ic a n t  

re su lts  on growth and development o f  seedLings.

E f fe c t  o f  add itives

Coconut water a t 15 p er cent was s ig n i f ic a n t ly  

su perior to  con tro l. Treatment with 10 p e r  cent gfrfc was s l ig h t ly
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su perior to  c o n tro l. Maximum p lan t heigh t (2 3 «7 f - 

lea£  (3 .2 7 ) and roo t ( 2 . 5 2 ) number, r o o t  len g th  (5 .87 mm) 

and green aid dry w eigh t was obtained on t  re  atm a it a w ith  15 

p er cen t coconut water.

Tomato ju ic e  was trea ted  at 10 and 15 pen cent le v e ls .

The jorm in ation  and in i t i a l  development o f  seeds were v e r y  poor 

at a l l  l e v e l s .  A l l  seed lings were s tou t at th e  base and d is ­

to r ted  in  appearance. However treatment w ith  10 p er cent tomato 

pulp was s l i g h t ly  superior to  co n tro l in  p lan t heigh t (14*75 mm), 

l e a f  number (3*36) and green  and d ry w eigh t, i l l  o th er t re a t— 

meats w ith  tomato ju ic e  v/ers in fe r io r  to c o n tro l.

Treatment w ith  banana pulp a t both le v e ls  ( 10 and 

15 pen cen t) produced s ig n i f ic a n t ly  su perior re s u lts  in  growth 

and development o f  seedLings. Banana pulp in  the medium had 

delayed germ ination f o r  7 to  10 days in  both treatm ents, however, 

the subsequent growth aid development was fa s t e r .  Treatment 

w ith 15 p e r  cent banana pulp had produced maximum p lan t h e igh t 

(41*74 mm), ro o t len gth  (5 .06 mm) and green and d ry w eigh t. 

Add ition  o f  banana pulp to  an ex ten t o f  10 p e r c e n t  produced 

more number o f  lea ves  (3*14) aid ro o ts  (1 .2 ) compared to  co n tro l.

A treatm ent combination was made w ith  the fo llo w in g  

ad d it ives  on bas ic  medium. KAA 1 ppm + IAA 3 ppm + GA 3 ppm +• 

Coconut w a t e r i e r  cent aid banana pulp 15 per cen t. The 

combined e f f e c t  o f  growth substances w ith  and without coconut

water and baiena pulp were studied. The re s u lts  are g iven  in
(Table 9)



Sable 8. E ffe c t  o f ind ividual treatments with d if fe re n t  le v e ls  o f grouth substances
end other additives on growth o f B le t i l l a  hvaointhina seedlings

Treatments w ith  
Vacin and Went 
media

H eight 
o f  o f
p lan ts  l e  aves
TffTO «

2 3

_ Mean _ 
Humber Number R oot Green 

o f  lo n g -  w e ig it
ro o ts  th

Percentage 
o f  dry

mm

5 6

Dry _
w eigh t w e ig it

mg 

71 4

IAA 1 ppm 17.42 1.82 0.6 2.20 6.80 0.41 6 .0 3

3 " 29.75 3.0 1.4 5.0 12.50 0.74 5*92
5 " 14.84 2.38 0.66 4.13 9.10 0.56 6.15

NAA 1 " 36.59 3.86 1.41 8.27 22*72 1.38 6.07
3 n 1 2 .3 2 1 .3 0 0.25 1.70 10.14 0.70 6.90
5 " 10.25 1.40 0.75 1.50 13.12 0.75 5.72

IBA 1 " 11.74 2.10 0.96 1.84 7.20 0.60 6.94
— 3 " 9.37 1.80 1.40 - 2.35 1 3 .7 0 -_ 0.86 __ 6 .2 5

5 " 9.00 1.90 1.33 2.50 12.96 0.80 6.05

2,4-D 1 n Produced o n ly  C a llu s, no p la n t le ts

3 ■ Good caLlusaing at 1 ppm
5 t. (I

GA 0.1 ppm 12.70 ' 1.70 1.04 3.20 7.65 0.47 6.14
0 .3  ■ 28.65 3.00 0.80 5.50 8.00 0.50 5.80
0.5  " 14.50 2.90 1.10 6.60 12.80 0.8T7 6.79



cgntd.

1 2 2 4

BA 1 ppm 8.20 1.47 1.20

2 ppm 8.35 1.23 1.14
5 ppm 6.75 1.04 0.75

K in e t in  1 " 6.52 1.30 0.37

2 n 15.67 2.55 0 .5 2

5 " 14.22 2.66 0.18

N ic o t in ic  Acid
0.5ppm 8.27 1.04 0.60
1.0 « 9.11 1 . 1 5 0 . 3 2

2.0 n 10.71 1.70 0.85

P y r id o x in — -

0.5 n 11.62 1.52 0.68
1.0 " 12.71 2.10 1.04
2.0 n 9-54 1.92 0.86

Ih ia a in  0 .5  n 10.27 2.20 2*24
1.0 " 8.01 1.85 0 . 5 2

2.0 " 6.90 1.76 0.05

Coconut w ater
10# 15.21 2.34 0.28

15# 23.77 2.27 2 .3 2

5 6 7 8

1.70 11.04 0.75 6.80

1.45 8.32 0.54 6.48

1.21 7.50 0.45 6.00

1.40 2.10 0.14 6.66
1.42 6.75 0.45 6.67
0.51 6.50 0.45 6 .9 2

1.10 5-45 0.38 6.97
1.24 6.95 0 . 5 2 6.47
2.20 7.40 0.51 6.89

0.73 7.80 0.49 6.28

0.54 8.45 0.55 6.51
0.92 7.20 0.45 6.25

1.20 7.15 0.45 6.29

0.77 6.65 0.40 6.01
0 .2 5 5.25 0.35 6.66

1.68 6.00 0.40 6.66

5.84 16.87 1.15 6.61

<1
K 1



coatd.

1 2 3 4

lomato ju ic e  
1GJS 14.75 3.36 0.05
15 J6 7.24 2.58 0.84

Banana Fulp 
10JS 35.74 3.14 1.20

1556 41.74 2.51 0.98

Contxol(VH) 9.53 1.50 0.28

F -te s t * * *

S.Em+ 1.99 0.243 0.275

O.D. 6.149 0.672 0.843

*3 ig a if ic e n t  a t 0.05
**S ig n if ic a n t  at 0.01 

US Hot s ig n if ic a n t

5 6 7 8

0.15 21.87 1.52 6.05

1.44 7.85 0.51 6.49

4.54 10.00 0.62 6.20
5 .OS 18.18 1.12 6.16

1.06 12.87 0.77 5.98

« ** * *

0.927 1.248 0 .0 5 0

2.854 3.443 0.222

m„,__,__ _________r—— __________
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She seed ling growth was fa s t e r  and quick banana pulp 15 per cent 

and coconut water 15 per cent was used along w ith  HAA 1 ppm,

IAA 3 ppm and GA 3 ppm. The plant h eigh t (47.25 mm), ro o t 

number (2 ,60 ) and green md dry weight were maximum w ith  th is  

treatm ent. She l e a f  number (3 .4 5 ) and r o o t  le n g th  119.15 mm) 

were a lso maximum w ith  t r  eatment o f  NAA 1 ppm, however, a l l  

the treatm ents proved su perior to  co n tro l (in d iv id u a l t r e a t ­

ment o f a d d it iv e s ).

4 .1 »3 B ia lu s  w a l l ic h i l

She s e l f  p o llin a te d  flow ers  o f  Ehaius w a l l lc h i i  took 

8 months f o r  m atu rity. She mature capsules were 2,5 to 4 

cen tim eter long and 2 to  3 centimewer "Biick and contained 

61 p er cent v ia b le  seeds. Mature seeds from undehisced csp- 

su led were sown on d i f f e r e n t  media (EC, MS, TO, BE and HSU).

She tim e taken f o r  germ ination  and growth ore g iven  in  Sab le. •0 .

In  genera l the seed germ ination was v e ry  slow  in  Phaiue. com­

pared to  o th er sp ec ie s . Greening o f the seeds were fa s te r  

on Vacin  and "Uent medium (40 days) fo llow ed  by Knudson C 

medium (51 d ays ). Murashige-Skoog medium took maximum time 

o f  59 days and in  B u rge ff P seeds d id  n o t ge rm in a te (fab le  1 0 ).

She maximum ra te  o f  l e a f  production  was observed on 

Vaoin and Ifent medium fo llow ed  by m odified  Vacin and Kent medium. 

U h ile  i t  was v e r y  slow on M3 medium. She growth measurements 

o f  the seed lin gs  hove vary ing re su lts  on d i f f e r e n t  m edia(Sable 11), 

She meen heigh t o f  s eed lin g s (12.70 m m ),leaf number (1 .8 5 ) , roo t



Sable 9. E ffe c t  o f  growth regu lators and other additives in  combination on
the growth, o f  B le t i l la  hyaointhina seedlings

Mean Percen-
•ii-eaiiuiea-c worn d i la ­
tion s  on Vaem  and 
Went medium

Plant
h e i$ it

mm

le a f
So.

Root
SO.

Root
len g­
th
ram

Fresh
weight

mg

Drv
weight

mg

tags  
o f  dry 
w eigh t

IAA 3 ppm 25.75 2.40 1.37 5.11 14.50 0.91 6.27
HAA 1 ppm 39.70 3.45 1.17 9.15 20.40 1.22 5.98

GA 0 .3  ppm 26.90 2.75 1.01 6.10 15.40 0.93 6.04
Banana pulp 15$ 40.30 3.11 1.22 7.14 20.12 1.21 6.01

Coconut w ^ter 15$ 26.42 3.15 2.21 6.18 18.42 1.29 7.00

Vaoin and Sent media 18.20 2.10 1.20 3.20 10.70 0.66 6.16

IAA 3 ppm-f- HAA 1 ppm+ 
GA 0 .3  ppm

22.70 2.14 1.10 7.20 12.15 0.72 5.92

Coconut water 15$ + 
IAA 3 ppm + HAA 1 ppnn- 
GA.3 ppm

37.20 2.65 1.25 7.40 18.10 1.16 6.41

Banana pulp 15$ +
IAA 3 ppm+ HAA ®ppm + 
GA 0.3 ppm

39.10 3.15 2.10 6.50 19.10 1.25 6.54

Coconut water 15$+ 
banana pulp 15$ +NAA 
1 ppm + IAA 3 ppm+ 
GA 0.3 ppm

47.25 3.42 2.60 7.55 24.20 1.45 5.99

F-Sest ■»* HS * * ■»* #

S.Eiw 3.546 0.351 0.125 0.705 1.384 0.917
C.D. 1 0 .5 3 4 1.044

CVJ 
1

in 
S

o 
1 \ 1 1

2.09 4.111 0.272

S ign ific a n t a t 0.05 ®* S ig n ific a n t a t 0.01 HS Hot s ig n if ic a n t <1



numbers (0.96); root length (0.75| mm) gceon and dry weight were 

maximum on Vacin and Went medium. Shis was closely followed by 

modified Vacin end Vent medium, j Seeds cultured on Burgeff N„P 

medium did not germinate even a fter 120 days of sowing*

Based on the results, Vaoin end Went madlgpwaa 

selected aa a basic medium fo r  further treatments, Treatments
i

with growth regulators end other additives wore made individually 

and In  combinations.

E ffect o f growth regulators j

I
Individual treatments were made with 3 leve ls  each 

(1, 3 and 5 ppm) o f  EM, IAA, IBA and 2, 4-D. 3 le ve l a o f

GA aid BA (0.5, 1, 3 ppm) and 15, per cent coconut water and 

banana pulp, The results are given in  Table 12. Growth on 

a l l  the 3 leve ls  o f  Xaa were quite satisfactory. Plant height
I

(25.57 m ) ,  lea f number (3 .1 ), root length (0,97 mm) end 

green end dry weight were reaorded maximum with a treatment 

o f 5 ppm Xaa. XBA at higher leve ls  (3 and 5 ppm) had produced 

promising results, XBA 1. ppm produced mostly callus and 

few plantleto. The plant height, (19,76 mm), le a f number 

(2.74), root number (1.74), root length (0,95 mm) and green 

and dry weight were recorded maximum on 5 ppm IBA. Growth 

performance at d iffe ren t leve ls  o f  I1AA were not significant. 

Treatment with d ifferent leve ls  o f 2, + -», ga md BA did not 

produce any seedling even a fte r  120 days. Bone o f  -the treatments 

produced very l i t t l e  cellus, but no plm tleta,;
I
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I  able 10. E ffe c t  o f  nutrient media on seed germination and 

-'^production in  B ia iusi u n ll ic h i i  seedlings
I

Hutrient media i Mean number o f days fo r  
greening 1 s t1 Iln d  IZ Ird  

lea f|  le a f  le a f
XV

le a f

Knudson 0 (SO) 51 74 106 124 152
MuraShige-Skoog(MS) 59 85 112 157 164
Vacin and VJent(W) 40 66 92 113 140
Burgeff HgE (BH) Ho g<irmination

M odified Vacin and 
liient (MV3) 48 72 102 118 145

Table 11. E ffe c t  o f d i f f e r  e a t , nutrient media on growth 
and development o f PheiuB w aL llch li seedlings

i
Hutrient media Mean , Percen­

Height
o f
plants

Humber
of
leaves

Humber Root 
o f  len - 
roo ts  gth

Eresh
wt.

Dry
wt.

tage
of
dry
weight

an — — mm mg mg

Kundson 0 6.15 1.05 0.72 0.55 5.21 0.31 5.95
Murashige-SItoog 5.85 0.75 0.42 0.21 4.13 0 .2 4 5.81
Vacin aid Went 12.70 1.85 0.96 0.75 1 0 .2 7 0.66 6.42
Burgeff HjP - m m - - - -

M odified Vacin 
and Went 10.2? 1.24 0.82 0.63 7.26 0.47 6.47

E-Test #* •#* ■»# ** •**
S.Em+ 0.745 0.108 0.059 0.039 0.417 0.026r
C.D. 2.290 0.352 0.184 0.119 1.283 0.082

*  S ign ifican t at * *  S ign ifican t at HS Hot s ign ifican t
•0.05 • 0.01 ,



Treatment w ith 15 per cent banana pulp was superior 

to con tro l. S a tis fa c to ry  growth measurements were obtained 

on plant height (12.70 mm), l e a f  number (2 .4 6 ), roo t number
- f

(1 .0 2 ), roo t len gth  (.0 9 6 ), and green dry w e igh t. Treatment 

w ith  15 per cent coconut water d id  not produce s ign ific a n t 

re su lts . However, the p lan t heigh t and fresh  and dry weight 

were superior over con tro l.

Combination o f  treatments were f i r e d  based on the 

promising resu lts  obtained w ith  in d iv id u a l treatment o f  

growth substances and other add itives . A combination o f  

growth substances, IAA 5 ppm end IBA 5 ppm were used with 

and without coconut, water (15 per cent T̂ T) and banana pulp 

( 1 5  per caat)o  The treatment and i t s  e f f e c t  are g iven  in  

Table 13. The treatment combinations were compared w ith 

in d iv id u a l treatments.

Growth regu la to rs  w ith  banana pulp (15 per cent) 

produced maximum plant heigh t (22.20 mm) and fresh  and dry 

weight. Combination o f  a l l  the 4 ad d it ives  recorded plant 

height (20 am) and fresh  and dry weight (17.11/1.13 mg), 

which is  c lo s e ly  fo llow ed  by the above treatm ent.

Hoot number was ma^isum with banana pulp alone 

(1<26) fo llow ed  by IAA 5 ppm (1 .2 5 ).

Hoot length  was maximum w ith  banana pulp (1.21 mm) 

and which i s  fo llow ed  by growth substances w iih  banana pulp 

(1.05 mm).



Table 12: E ffeo t o f  ind iv idu a l treatment o f  growth regu lators
end o ther add itives  on growth and development o f  
Phalus w e l l ic h i i  1

Treatments with He an Porcen*
Vacin and Kent 
hasic media

•Plant
h e i­
ght
mm

Aeaf
num­
ber
cr*

liou b 
num_ 
bar

no'ot
len­
gth
■K

i'fSdd ' 
wei­
ght 
mg

w y '
wei­
ght
mg

tage o f  
dry
weight

IAA 1 ppm 16.75 2.40 1 .2 0 0.87 1 2 .5 0 0.74 6.01
IAA 3 ppm 12.75 2 .6 9 1.07 0.85 11.70 0.72 6.15
IAA 5 ppm 23.57 5*10 1 .5 0 0.97 17.40 1.14 6.55
NAA 1 ppm 7.59 2.87 1.17 0 .5 2 4.18 0.24 5.74
NAA 3 ppm 5.47 1.95 0.75 O'. 47 5 .1 2 0.19 6.08
HAA 5 ppm 9.76 2 . 20 1 .5 2 0.84 5.40 0.51 5.74
IBA 1 ppm 7.59 1.24 0.60 0 .2 5 5.20 0.19 5.93
ib a 3 ppm 16.40 2.40 1.25 0.75 9.11 0.59 6.47
IBA 5 ppm 19.76 2.74 1.74 0!.95 14 .21 0.95 6 .6 8
2,4-D
5 ppm

1,3 end Mo germination 1

GA 0.5 
ppm

if 1 and 3 n 1
!
i

BA 0 .5  
ppm

1,1 and 5 n
1

I
t

Coconut water 
15#

9.96 1.04 1 .1 2 0^85
1

11.70 0.70 5.98

Banana pulp 15# 12.70 2.46 1,0 2 0.96 1 5 .2 0 0 .8 6 6 . 5 I
Contxol(W j) 6.32 1.45 1.26 0:95 9.25 0.54 5 .8 5

E -test * * *■*
1
* *
j N S

S-Em+ 1.35 0.162 0.144 0.118 N  s

O.D." 4.18 0.501 0.478 o;565

* S ign ifican t at 0.05 **  S ign ifican t at 0.01 MS Mot s ig n i f i -
I cant



3. Snatho g lo t t is  n l lc a ta  (Bit)

Mature seeds o f S nathoglo ttis  n lic a ta  were soun on 

d if fe re n t  media {KB* MS, TO, BN and MTO) f o r  standardisation, 

o f  the media. She number o f  days taken f o r  greening, germination 

and fu rth er development were recorded (Sable 14) (P la te  3*1 )«

The data in d ica ted  th a t, rap id  seed germination i s  tdth MS 

medium (19 days) fo llow ed  by KB medium (19*3 days ). A l l  the 

o ther 3 media took more than 3 weeks fo r  green ing. She embryo

at th is  stage imbibe water and n u tr ito t3 from th e  medium,

en large and break open the seed c o a t . In i t ia l ly  they turn daife 

brown a id  la t e r  turns to green and forms protocorm l ik e  bodies

(PliBs). Shis in  turn produces shoot apex and grow in to  a

p la n tle t  with lea ves  and pseudobulbs.

She ra te  o f  l e a f  production was maximum on MS medium, 

fo llow ed  by m odified Vacin and Vent medium and Knudson 0 medium. 

Other two media had taken more number o f days f o r  l e a f  pro­

duction. She data a lso  in d ica te  that, w ith  m odified Vaoin and 

Went medium there i s  growth suppression at germ ination le v e l ,  

but la t e r  When the seeds germinated the rate o f  l e a f  production 

was more fa s t .

She groirth measurements o f the seedlings recorded 

in d ica te  vary ing response in  d i f f e r e n t  media. She mean seed ling  

heigh t was maximum w ith  basic IIS medium (5*57 cm), whereas 

the plant height on a l l  the o th er media were below 3.1 cen ti 

meter. The l e a f  number was also more with MS medium (5 .5 ) 

fo llow ed  by Vacin and Uent medium (5 *0 7 ). The roo t number
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Table 13* E f fe c t  o f  treatment combinations ulth. growth regu la to rs  and
other add itives  on growth and development o f  Phaius w a l l ic h i i  
seed lings

Treatment combina­ He an Percen —
tion s on Vac In  and . 
Went medium P la i t

height
m"1

le a f
Ho.

Boot
Ho.

Boot
leng­
th
mm

Fresh
weight

mg

Dry
weight

mg

tage 
o f dry 
wei^at

IAn 5 ppm 19.70 3.30 1.25 0.85 16.46 1.07 6.50
IBA 5 ppm 16.75 2.33 1.16 0.68 9.45 0.58 6.13
Banana pulp 15$ 14.76 3.01 1.26 1.21 15.84 1j06 6.69
Coconut water 15$ 11.33 1.15 0.S6 0,f76 9.35 0.57 6.09
IAA 5 ppm +IBA 5 ppm 15.21 2.11 t.67 0.73 8.24 0.52 6.31
IAA 5 ppm +IBA 5 ppm 
+ Banana pulp 15$ 22.20 3.25 1.30 1.05 19»45 1 .3 0 6. 68 V
IAA 5 ppm +IBA 5 ppm 
+ Coconut water 15$ 1 2 .2 3 1.70 0.76 0.60 8.30 0.51 6.14

IAA 5 ppm +IBA 5ppm 
+ Coconut water 15$ 
+ Banana pulp 15$

20.00 2.26 1.11 0.84 17.11 1.13 6.35

E-Test * * * « # HS * * * *

S-Em+ 1.275 0.214 0.148 0.138 1.975 0.744
C.B. 3.87 0.650 0.449 0.420 5.990 0.402

*  S ign ifica n t a t 0.05 * *  S ign ifica n t at 0.01 US Hot s ig n if ic a n t

03
O

f*
.\
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increased in  m odified Vaoin and VIent medium (4 .41$ )» but the 

root length  was more with HS medium (14.0 cen ti m eter). The _ 

green and dry weight was also maximum witti MS medium ( fa b le  15).

Based on these resu lts  HS mediupwas used as a basic 

medium fo r  fu rth er treatment. The treatments were applied 

in d iv id u a lly  and in  combinations (IAA , HAA, XBA and 2,'4—D at

1,3 and 5 ppm, GA and BA at 0 .5 , 1 and 3 ppm. Coconut water 

and Banana pulp 15 per c e n t ).

Among th e  auxins HAA a t 1 ppm le v e l  had produced 

maximum plant h eigh t (4.89 cen ti m eter), fo llow ed  by IBA at 

5 ppm (3 .88  oen ti meter) and IAA at 1 ppm (3*47 cen ti m eter).

A l l  the o ther treatments w iih d if fe r e n t  l e v e l  o f  auxins were 

in fe r io r  to  con tro l (Table 1 6 ).

Treatments with 2, 4—D at a l l  ‘the th ree le v e ls  induoed 

ex ce llen t ca llu s growth. The ra te  o f  ca llu es in g  was more at 

1 and 3 ppm le v e ls .  At 5 ppm le v e l  severe blackening o f  the 

t issu es  were n o ticed . HAA a t 3 Ppm also produced good amount 

o f ca llu s  along w ith  few number o f  seed lings.

Hore number o f  lea ves  were produced w ith  5 ppm IBA, 

fo llow ed  by 1 ppm HAA. IAA a t two lo v e ls  ( 1 and 5 ppm ) 

produced more number o f  lea ves  than con tro l. A l l  other 

treatments were in f e r io r  to  co n tro l. Maximum number o f  roots 

were produced w ith 1 ppm HAA (1 .8 5 ), fo llow ed  by HAA 3 and 5 ppm 

(1.52 and 1.21 numbers re sp ec t iv e ly ) end IBA 3 ppm (1 .1 4 ).
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I  able 14. E ffe c t  o f  d if fe r e n t  n u tr ien t media on germination 
and l e a f  production in  Snathoglottis  -plicata

Hutrient media

Knudson C (KC) 
Murashige- Skoog (MS) 
Vacin and Went(TO) 
B urgeff H^F(BH)

M odified Vacin and 
Went ( i m )

Humber
o f days 
f o r 1st
greening le a f

19.3 42
19.0 40

23.5 68
22.5 57

25.0 58

ic tio n o f leaves
fin d I l l r d IV th

le a f le a f le a f

78 105 133
65 87 116
98 126 154
89 116 168

84 110 131

Sable 15* E ffe c t  o f d if fe r e n t  nutrien t media on growth and 
development o f  Spatboa lottls  p l ic a ta  seed lings

Hutrient media x ea f Eoo* Root Fresh Dry" tags
h e i- Ho. Ho. len ­ wt. wt. o f
^at gth dry
mm * — ma mg mg wt.

Knudson C(KC) 3.02 4.5 2.30 45.50 59.0 3.60 6.10
Mur ashige-Skoog 
(MS) 5.57 5.5 3.50 60.40 140.0 9.30 6.60

Vacin and Went 
(TO)

1.78 3.3 1 .5 2 13.50 52.4 3.28 6 .2 5

B urgeff N j F ( W ) 2.71 4.4 1.50 16.66 40.7 2.50 6.14

M odified Vacin 
and Went (MTO) 2.70 5-07 4.41 41.20 55.1 3.66 6.64

F-Sest ' * * * * **• *# ** **•

S-Em+ 2.22 0.349 0.281 2.746 3.924 0.32
C.D. 0.685 0.766 0.867

CM• 12.091 0.986

* *  S ign ifican t at 0.01



Tab le 16. E f f e c t  o f  d i f f e r e n t  growth r e g u la to rs  and a d d it iv e s  on growth o f  
SpathoaLottia  p l i c a t a  s e e d lin g s

Means Percen—

MS medium H eigh t 
o f  p la n ts

N o .o f  
le a v e s

N o .o f
r o o ts

Hoot
le n g th

Eresh
w t.

Dry
w t.

ta ge  
o f  dry 
w e igh t

Cm - - Cm mg mg

1 2 3 4 5 6 7 8

IAA 1 ppm 3.47 3.94 0.84 0.53 2 5 .0 0 1.710 6.84

IAA 3 ppm 2.73 3.45 0.47 0 . 3 2 25.45 1.860 7.30

IAA 5 ppm 2.61 3.90 0.16 0 .22 21.69 1.475 6.80

NAA 1 ppm 4.89 4.00 1.85 1.42 24.00 1.632 6.80

NAA 3 ppm 3-03 3.53 1.53 1.40 17.00 1.190 7.00

NAA 5 ppm 2.67 3.60 1.21 1.35 17.60 1.214 6.89

IBA 1 ppm 2.39 3.64 0.54 0 . 2 9 15.00 1.056 5 .83
-IBA - 3 .ppm- --3*42-------- -3*88 1.14 - -0 .8 1 47.00 -3.055 6.50—

IBA 5 ppm 3.88 4.18 0.98 0.99 61.81 3.860 6.24
2,4-D 1 ppm No g ro w th -e a liu s s in g  m oderate
2,4-D 3 ppm -d o - Good c a llu s s in g
2,4-B 5 ppm -d o— C a llu s blackened

GA3 0 .5 " 3.22 3.21 1.74 1.730 28.10 1.854 6.59
GAj 1 ppm 3*46 3.01 3.00 2.47 31.60 2.085 6.60

GAj 3 ppm 2.21 2.90 0.70 0.47 14.70 0.985 6.70

00
CO



'i

contd.

1 2 3 4 5 6 7 8

BA 0.5 ppm 2.27 3.10 1.20 1.63 13.20 0.871 6.60
BA 1.0 ppm Moderately oaLlussed no growth
BA 3.0 ppm -d o -
Banena pulp 15$ 4.05 3.54 1.56 1.22 30.26 2.320 7.06
Coconut trafcor 15fS 3.87 3.62 1.20 1.07 25.10 1.681 6.68
Control(MS) 3.38 3.65 0.85 0.57 27.27 1.640 6.74
E-Test *-* X * #*. * * « * * *
S-Ehh- 0.239 0.485 0.129 0.112 2.48 0.740
CB. 0.736 1.492 0,398 0.346 3.411 0.484

* *  S ignificant at 0,01

cc
tp.



Maximum roo t length, was noticed  w ith 1 ppm. NAA (1.42 cen­

tim eter ) fo llow ed  by 3 ppm (1 .4  cen t! metor) and 5 ppm (1*35 

cen ti meter) NAA and 5 and 3 ppra (0.99 oen ti meter and 0.81 

cen ti meter)XBA. Other treatments were in f e r io r  to con tro l.

She fresh  and weight were maximum w ith  5 PP® XBA

fo llow ed  by 3 ppm IBA. A l l  the o th er treatments had lower 

fresh  and dry "weight compared to con tro l.

Treatments w ith three le v e ls  o f  GA. d id  n o t produce 

any s ig n ific a n t d iffe ren ce  in  p la i t  heigh t o r  l e a f  number. But 

a s ig n if ic a n t  d iffe ren ce  was noticed  in  ro o t  number (3 ) and 

roo t length  (2.04 cen tim e te r ) (Tab le 15 ), Treatment w ith 

BA at a l l  the three le v e ls  were in fe r io r  t o  con tro l, however 

they formed moderate oa llu s  instead o f  producing p la n tle ts .

Treatments with 15 per oent banana pulp produced more 

p lant height (4.053 cen ti m eter), ro o t  numbers (1 .56 ) md roo t 

length  (1.225 cen ti m eter), compared wo con tro l. The fresh  and 

dry weight was also more compared to con tro l (Tab le 15 ).

Treatment w ith  (Coconut water (15 per cent) a lso produced 

increased plant h eigh t (58.74 c en ti m eter), roo t number (1 .2 ) 

and ro o t  len gth  (1.07 cen t! m eter). However the fresh  and dry 

weight were in fe r io r  to con tro l.

The combined e f f e c t  o f  auxins w ith  and w ithout banana 

pulp and coconut w ater were a lso  studied (Tab le 1 7 ). IB media 

w ith coconut water at a l l  the le v e ls  with 3 auxins produced 

maximum plan t heigh t (11.06 oen ti meter) and l e a f  number (2 .9 6 ).

1
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I  able 17. E f fe c t  o f  d i f f e r e n t  growth, regu la to rs  and o ther add itives  in  combination 
on growth o f  Spa th og lo ttis  -p licata seed lings

(Treatment combine”  Mean Perce ra­
t ion s  on P lan t l e a f  Hoot Boot EreShT Dry tage o f
HS medium h e igh t Bo. Ho. len g -  weight weight dry

th  weight
cm ” cm mg mg

HAA 1 ppm 6.475 2.32 2.11 2.27 32.1 2.17 6.76
IAA 1 ppm 5-865 2.10 1.16 1.91 29.7 1.85 6.22
IBA 5 ppm 6.251 2.25 £.40 3.10 39.3 2.78 7.00
HAA 1ppm +IAA 1ppm 
+ IBA £ppm

7.728 2.92 2.84 3.27 72.3 4.75 6.56

Coconut water 155̂ +- 
HAA 1ppm+IAA 1ppm + 
IBA 5PP5L

6.108 2.96 2.23 3.32 30.5 1.95 6.39

Banana pulp 15?+ 
HAA and IAA 1 ppm 
+ IBa  5ppm

8.660 2.65 3.73 2.24 56.7 2.31 6.29

Banana pulp 15#*- 
Coconut water 15/$+■ 
HAA and IAA 1 ppm 
+ IBA 5ppm

11.450 2.84 3.44 2.17 81.40 5.02 6.18

Coconut water 15# 5.470 1.86 1.14 1.98 19.41 1.17 6.02
Banana pulp 15# 10.70 2.63 2.52 2.44 26.31 1.71 6.49
E-Test * * ■*# * * * *
S-Ein+ 0.859 0.158 0.340 0.175
G.D. 2.649 0.489 1.049 0.540

•S ign ifican t at 0.05 * *  S ign ifican t at 0.01



Vihereas the same medium with banana pulp produced more number 

o f roo ts  (3 .5 6 ). (P la te  3 *2 ), ro o t length  (4.25 cen ti raeter), 

fresh  weight (89 mg) and dry weight (6.13 mg).

A combination o f  a l l  the growth substances had resu lts  

on par w ith in d iv idu a l treatments. A treatment w ith coconut 

water and growth substances produced resu lts  id e n t ic a l to 

in d iv id u a l treatments. The combined e f f e c t  o f  banaia pulp 

w ith  growth substances had also g iven  promising resu lts  

(P la te  3 .3 ).

4 .1 .5  Pendrobium aoschatum

The seeds were sown i a  d i f fe r e n t  media f o r  stand­

ard isa tion . The percentage o f  germination waB high on 

Ilurashige-Skoog medium (83 per cent) fo llow ed  by Burgeff 

(77 per cen t) Knudson C (74 per cen t), Vacin and Heat 

(72.5 per cent) and m odified Vacin and Uent (68 per cen t).

The germination was fa s te r  on Burgeff IT^F medium, 

fo llow ed  by MS medium. The ra te o f l e a f  production was aLso 

fa s te r  w ith Burgeff N^F medium, which was c lo s e ly  fo llow ed  

by MS medium. Very slow ra te o f  l e a f  in d u ction  was observed 

w ith  Knudson C and Vacin and Vent medium (Tab le  18 .)

The B urgeff N^F medium was used as the bas ic  

medium fo r  the experiments along w ith  ad d itives . In d iv id ua l 

treatments were applied at 3 le v e ls  o f IAA, NAA, IBA and

2,4-D (1 , 3 and 5 ppm each ), GA and BA (0 .1 , 1 and 3 ppm), 

Coconut water 15 per cent and Banana pulp 15 per cent. The
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Eable 18. E f f e c t  o f d iffe ren t nutrient media on germination 
and le a f  production in  Pendrobium mo3Chatuffl

Uutricnt media Ilean number o f dava fo r
greening 1st IXnd I l l r d  IVth 

le a f  le a f  le a f  le a f

Knudson C(KC) 16.5 42.6 60.50 79.50
Hurabhige-Skoog (MS) 20.0 47.25 70.20 90.25 -
Vacin and Hent(VH) 25.5 55.50 75.20 96.20 -
Burgeff IT-E (BH) 12.5 33.50 51.25 70.50 -

M odified Vacin and 
Went (I5VK) 27.0 57.50 75.80 93.25 -

Sable 19. E ffe c t  of d iffe re n t  media on growth and development 
o f Sondrobiuia mosalia bum seedlings

ilu trien t media Mean Bercen-
P lan t
height

mm

le a f
Ho.

Hoot
Ho.

Root
leng­
th
mm

Iresh
weight

Bry g ® »
S t " * *
%  weight

Knudson C (KC) 6 .1 3 2 .0 5 - - 0.55 0.039 6.00
Mur aahige- Sltoog 
(1®)

12.75 2.37 - - 1.22 0.070 5.73

Vacin and Went 
(VU)

3-47 1.07 - - 0 .2 5 0.015 6.00

Burgeff HjFtBM) 14.75 2.42 0.40 0 .0 5 1.75 0.113 6.45

Modified Vacin 
and Went(MtW) 7.75 1.15 0.15 - 0.68 0.042 6.17

E-Eest «■ *

S.Em+ 0.613 0.153 - - 0.227 o;oo4
O.B. 1.88 0.472 0.686 0 .0 1 3

^S ign ificant at 0.05 * *  S ign ifican t at 0.01



E ffe c t  o f treatments are given  in  ( fa b le  20) • The plant h eigh t, 

le a f  number, ro o t  number and ro o t length  were s ig n if ic a n t ly  h igh  

w ith  -a treatment o f  IAA, GA, banana pulp and oooonut water*

Malimum plant height (32,7 mm) was obtained on B urgeff E^E medium 

w ith 1 ppm GA fo llow ed  by banaia pulp (32, 21 mm). Coconut 

water (29.30 mm) aid IAA. 1 ppm [28.43 mm). Other treatments 

were not s ig n if ic a n t ly  superior.

The l e a f  number was maximum on medium w ith  banana pulp 

(3*3 ) fo llow ed  by IAA 1 ppm (3 > 2 t), GA 1 ppm (3*1 ) and oooonut 

water 15 per cent (2 .9 6 ). Root production was h igh  w ith  IAA,

GA^, banana aid coconut water. Maximum ro o t  number and root 

growth was noticed  on medium with banana pulp (1.77 nos/0.14 mm), 

fo llow ed  by GA  ̂ 1 ppm and coconut w ater.

The fresh  and dry weight' were maximum on media w ith  

bsneza pulp (2.45/0.159 mg), fo llow ed  by coconut water ( l f? 3 /

0.197 mg) and GAg 1.0 ppm (1.45/0.089 mg) (Table 20 ).

Banana pulp induoed stout, hea lthy seedlings w ith  

dart green fo l ia g e ,  whereas on ly  coconut water induoed pa le  

and 12iin seed lings. NAA and IBA at 3 le v e ls  did not g iv e  

any s ig n ific a n t  re s u lts . 2 , 4-B at a l l  the 3  le v e ls  did not 

produce seed lings, but produced few  number o f  ca l l . i i  which 

la t e r  became black. BA at a l l  the 3 le v e ls  resu lted  in  v e ry  

poor growth.

Based on the above re su lts  a combination o f  treatments 

were fix e d  and applied with, and without coconut water end banana 

pulp. The treatment combination o f  IAA 1 ppm, GA 1 ppm  ̂ banana
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pulp 15 p er cent and coconut water 15 per cen t were made. A s ig ­

n i f ic a n t ly  high ra te  o f  growth and development Was obtained w ith  a 

combination o f  IAA 1 ppm GA 1 ppm and banana pulp 15 par cen t.

None o f tne o th er  treatm ents were s ig n i f ic a n t ly  su p er io r  to in d i­

v idu a l treatm ents. However, a treatment combination o f  a l l  the 

fo u r  add itives  nad g iv en  lie a l thy seed lings w ith  dank green fo l ia g e  

(Tab le  2 1 ).

4 .1 .6  Epldendrum radioans

The flo w ers  o f Epldendrum radioans were s e lfe d . The 

capsules -cook 55 to 60 days f o r  m atu rity . The mature seeds from 

undehisced capsules were sown on d i f f e r e n t  media fo r  standard isa tion . 

The h ighest percentage o f  germ ination was obtained w ith Vanin 

and Kent medium (7 9  per cen t) fo llow ed  by m od ified  Vacin  end 

Went medium (72 per c e n t ),  MS medium (6 8  p er c e n t ), Knudson C medium 

(61 per cen t) and B u rge ff E^V medium (58 per c e n t ).

The number o f  days taken f o r  green ing, aid l e a f  production 

were recorded (Tab le  2 2 ). The shortest p e r iod  taken f o r  green ing 

was w ith Vacin aid Went medium (17 days), fo llow ed  by KC medium 

(19 days) and MS medium (21 days ). The o th er too  media took the 

maximum tim e (2 4  days) f o r  germ ination . The ra te  o f  l o a f  production 

recorded was maximum on m od ified  Vacin and Uent medium, fo llow ed  

by Vacin aid Uent medium. However, the germ ination and i n i t i a l  

development o f  l e a f  on m od ified  Vacin  aid Went medium was slow 

compared to  p lan ts  on Vacin  and Hent medium. The ra te  o f  l e a f  

development on o th er 3 medi a were v e ry  s low .
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2. E ffe c t  o f  banes\a pulp on growth md development
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Table 20. E ffe c t o f  d iffe ren t growth, regulators and other additives
on the growth o f Bendm'hiiim moachatum seedlings

. A #. »aI Mean Per-Moavuauuo m tu
B urgeff B,. F 
medium. 5

Blent
heigh t

le a f
Bo.

Boot
Bo.

Boot
length

Fresh
weight

Dry
weight

I 
©

S 
C?<H

0 4* 
O

ran - - TTTTW mg mg dry
1 2 3 _ 4 __ 6 _ -  _7_ _

wt.

IAA 1 ppm 28.43 3.21 0 .4 0 0.09 1.27 0.082 6.45
IAA 3 ppm 2 2 .25 2.85 0 .2 1 0.04 0.93 0.057 6.13
IAA 5 ppm 23.60 2.26 0.16 0 .0 2 0.87 0.055 6 .3 2

IT A A 1 ppm 11.70 2 .2 1 - - 0.65 0.039 6 .0 0

BAA 3 PPm 15.40 2.17 - - 0.67 0.042 6.26

NAA 5 ppm 12.35 1.40 - - 0 .4 2 0.024 5.71

IBA 1 ppm 10.32 1.13 - - 0.62 0.018 6 .1 2

-IBA 5=ppm 18.24 l „1 0 ,0.53 0 .0 4 1 W5_
IBA 5 ppm 16.11 0 .9 6 - - 0.63 0.040 6.35
2,4-D 1 .,3 and 5ppm Bo germination and growth
3A2 0.1 
GA, 1.0C

ppm 26.35 2.64 0 .8 6 0 .0 2 1.17 0.071 6.07

Jppm 32.70 3.10 1.42 0.05 1.45 0.089 6.14

OAj 3 .0  ppm 2 0.2 0 2 .2 5 0.33 0 .0 2 0.76 0.045 5.92



UV/ZU.U.*

1 2 3 4 5 6 7 8

BA 0.1 ppm 9.40 1 .0 2 - — 0.57 0.033 5.79
BA 1 ppm 8.75 0.79 - - 0 .3 2 0.019 5.94
BA 3 ppm 8 .0 0 0 .8 5 - - 0.35 0.019 5.43
Coconut water 15& 29.30 2.96 1.05 0.09 1.73 0.107 6 .1 8
Banana pulp 155̂ 32 .2 1 3.30 1.77 0.14 2.45 0.159 6.49
Control (BH) 20.70 2 .1 5 0.82 0.06 0 .8 8 0.052 5.90

F -2cst *•» * * #■» «# * *

S—Klii+ 2.255 0 .2 1 0 - - - -

C.D. 6^95 0.649 — — _ - _

* *  S ign ifica n t at 0.01

C£)
to



Table 21. E ffe c t  o f d iffe ren t growth regu lators and other additives "in
combination on growth gad development o f Denflrobium moschatum
seedlings

Treatment combina­
t io n  wiuh B u rge ff
N„ F medium 2

Means Percen­

P lan t
h eigh t

mm

le a f
Ho.

I
■v 

1 
0 

.
00 

II
pi a 

,

Root
len g th

mm

Freeh
w eigh t

mg

Bry
w ei­
gh t
mg

tage  o f
dry
weight

I M  1 ppm 24.17 2.74 0.94 0.04 0.85 0.05 5 .8 8

GAj 1 ppm 29.42 2.55 0.85 0.03 0 .9 2 0.06 6.52

Coconut w ater 1 5 $ 22.25 1.44 0.60 0.01 0.63 0.03 5.87
Banana pulp 15$ 30.30 2.92 1.23 0 .0 9 1.34 0.08 5.97
_IAA_1 ppmtGii^lppm _ 26._26_ 1.33 0.77_ _ 0.06 JJ.J52 _ _

XAa  1ppEH-GA^1ppm+ 

Banana pulp 15$
35.46 3.33 1.55 0.19 2.26 0.14 5.28

IAA tppm*GA|ppm + 

Coconut water 15$
24.30 1.47 0.65 0.08 0.78 0.05 6.41

IAA  1ppm+ GAt/1ppm+ 
Cooonut w a ter 15$t 
Banana pulp 15$

30.75 2.67 1.14 0.14 1.45 0.09 6 .2 0

E -te s t **■ * * ■»* * *

S-Bm-t- 2 .1 0 5 0.141 - - - -

C.B. 6.387 0.448 0.321 — — —

**  S ig n if io  ant a t 0.01



The growth, measurement o± the seedlings''•'ore recorded.

The height o f  the seedlings were maximum on Vacin end Sent 

medium (44.? m^fwhioh was immediately fo llow ed  hy modified 

Vacin end Went medium (38.21 mm). The maximum le a f  number was 

recorded on m odified Vacin and Went medium (4*36) fo llow ed by 

Vacin and Went medium (4 .2 0 ). Root number was more on Vaoin 

and Went medium (2 .48 ) fo llow ed  by modified Vaoin and Went 

medium (2 .1 2 ). But roo t length  was more on Vacin and Went 

medium (21,20 mm). The green and dry weight was also more w ith 

Vacin md Went medium.

The Vacin and Went medium was selected  as th e  basic 

medium f o r  fu rth er treatments. In d iv idua l treatments with HAA, 

IAA, IBA, 2,4-B, GA and BA at 3 le v e ls  and banana pulp and 

coconut water at 1 5 per cent were applied . The resu lts  are 

given in  ’ Table 24) • The growth was not sa tis fa c to ry  at a l l  

the three le v e ls  o f  IAA. Treatment w ith 3 ppm IAA was s l ig h t ly  

b e t te r  than others and was on par w ith con tro l. HAA at lower 

le v e ls  (1 and 3  ppm) produced exce llen t growth (P la te  3 .1 ,2 ). 

Maximum growth was observed with 1 ppm HAA. At 3 ppm the growth 

of p la n tle ts  were reduced and the amount o f  ca llu s increased. 

Callus sing was fu rth er increased at 5 ppm le v e l  (P la te  5 f3 ).

I t  was found that h igher concentration o f  HAA induces only 

caLlussing. The growth o f  seedlings with 1 ppm 2, 4-D was on 

par with control, hut the roo t form ation was poor. H igher le v e ls  

o f  2>4-D induced on ly ca llu s and no p la n tle ts . 1BA at a l l  the 

3 le v e ls  produced sa tis fa c to ry  growth. Maximum growth was

P 4
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formation.

Effect of aussiaa on growth aid development
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Tab le  22. E ffe c t  o f d i f f e r e n t  media on seed germ ination  
and l e a f  production  in  Enidendrum radioans

N u trien t media Mean
greening

number o f  days f o r  
1 s t 1 Hnd I l l r d  

le a f  l e a f  le a f
IV  Hi

l e a f

Knudson C(EC) 19 48 83 115 144
Mur ash ige- Sko og (.33 ) 21 54 82 110 142
Vacin  and Went (TO) 17 39 65 93 125
B u rgo ff Hr£? (BP) 24 44 | 79 110 148

M od ified  Vaoin and 
Went (MW) 24 48 , 70 82 119

fa b le  23. E f fe c t  o f  d i f fe r e n t  n u tr ien t media on growth
and development o f  Epldendruia ra d io  ans seed lings

H utrien t media   ___________ Mean_____________________J?er-
P lsn t " le a f 1 Root Soot " F resh ' Dry cen-
h e ig ilt  Ho. No. len g - wt. w t. tage

nm — «■ mg mg
1 mm dry

  ______________ ________ ______________ ____________________ __________ ____  wtA

0.87 5.12 

1.11 6.35  
2 .1 5  6 .3 0  

0.51 6 .1 5

1.22  6.40

Knudson C(KC) 32.10 3.12 1.60 10.20 14.21
Murashige-Skoog (US) 34.27 3.60 1.01 13.27 17.46
Vaoin and Went (TO) 44.30 4.20 2.48 21.20 22.46
B u rge ff K3F(BN) 26.17 2.18 1.87 8.26 8.29

M od ified  Vaoin and 
Went (MTU) 38.21 4.36 2.12 12.85 19.06

F - Ie s t * * *«■ * * * *

S-Em£ 1.916 0.153 0 .1 3 1 2.460 O.S25

C.D. 5.905 0.472 0.403 1 .744 2.830

* *  S ign ific a n t at 0.01



Table 24. E ffe c t o f individual treatment o f growth, regulators and other
add itiv ies  on growth and development o f Boidondrum radio ana
seedlings

Ifeaa Percan-
Vaoin ami 
medium

Bent Height o f  Humber 
p la i t s  o f

leaves

Humber o f Boot 
ro o ts  len g­

th

Ere ah 
w t.

Dry
wt.

tage 
o f  dry 
weight

mm - - mm mg mg
1 2 3 4 5 6 7 8

IAA 1 ppm 7.40 2.15 0.60 2.40 1.40 0.085 6.07
IAA 3 ppm 13.40 2.80 0.76 2.65 7.19 0.44 6.11
IAA 5 ppm 9.11 2.32 0.22 1.22 2.70 0.18 6.66
iJM 1 ppm 54.00 4.92 3.46 40.60 22.11 1.43 6.46
NAA 3 ppm 43.16 4.07 2.20 28.30 19.22 1.22 6.34
HAA 5 ppm H ea v ily ca llu sed . Only 2-3 seed lin gs  produced.
ISA 1 ppm 16.30 3.10 2.70 22.16 6.31 0.39 6.18
ZBA 3 ppm 47.60 4.10 3.00 34.50 20.25 1.31 6.47
IBA 5 ppm 40.25 3.55 2.40 36.25 18.70 1.19 6.36
2,4-D 1 ppm 11.20 2,40 0.15 0.21 4.20 0.25 5.95
2,4~B 3 ppm Ho p la n t le ts  produced.only darkened c a llu s .
2,4-B 5 ppm Ho p la n t le ts  produced,very heavy ca llu ss in g

co
m



contd.

1 2 3 4 5 6 7 8

BA^ 0.1 ppm 1 3 .2 0 2 .3 0 1 .0 5 2.75 5.27 0.32 6.07

OAj 1.0 ppm 8.40 2.40 1.60 2.63 2.11 0.13 6.16

G% 3.0 ppm 6.74 1.10 0.12 0.17 2.07 0.11 5.34

3A 0.1 opm 2fo p la n t le ts  produced, oji l y  green ing £23* s.

BA 1.0 ppm It *'

BA 3.0 ppm n

Banana pulp 15$ 42.40 3.76 ' 3.30 36.47 18.95 1.26 6. 64
Cceonu"!; carer 15$ 35.20 3.28 2.66 31.40 16.70 1.06 6.34
Control (TO) 12.70 2.64 1.S0 3.50 4.32 0.26 6.01

i’ - t e s t * * * * ■ivh * * **

S-Em+ 3.96 O.2 56 0.196 2.43 - -

C.B. 11 .80 0.765 0.536 7.45

* *  S ign ifica n t a t 0.01
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obtained at 3 and 5 ppm. Ereatments with 1 ppm IBA was on par 

with the con tro l. <JA at three le v e ls  produced v e ry  poor growth. 

BA at a l l  le v e ls  induced no growth at a l l .

The p lan t height was maximum with 1 ppm HAA (54 mm)

fo llow ed by 3 ppm IBA (47.6 mm), 3 ppm HAA (43.16 mm), banana 

pulp (42.4 mm), 5 PP® ^Ba (40.25 ) and ooconut water (36 .20 ).

Ho s ig n ific a n t resultB were obtained with other treatments. 

Humber o f  leaves  were more w ith 1 ppm HAA (4 .92 ) fo llow ed by 

IBA 3 ppm (4 .1 ),  HAA 3 ppm (4 .0 7 ), banana pulp (3 .7 6 ), IBA 

5 ppm (3*55) aid ooconut water (3 .2 8 ). Maximum number o f  roots 

were obtained w ith  1 ppm HAA (3*46) fo llow ed  by banana pulp 

(3*30) and IBA 3 PPm (3 .0 ).  Other treatments were not s ign i­

f ic a n t ly  superior. Maximum root length  was obtained with 1 ppm 

HAA (40.60 ms) fo llow ed by banaita pulp (36.47 mm), IBA 5 ppm 

(36.25 mm), IBA 3 ppm (34.50 mm) and coconut water (31.4 mm). 

HAA at 3 ppm and IBA a t 1 ppm also produced sa tis fa c to ry  growth 

Of roo ts . Green and dry weight were recorded maximum with

1 ppm IAA fo llow ed  by 3 ppm IBA, banana pulp, IBA 5 ppm

and coconut water.

A combination o f treatments were applied to  the basio 

media and the germinated seeds were subcultured. She ind iv idual 

treatment with HAA 1 ppm, IBA 3 ppm, banana pulp and coconut 

water produced maximum growth e ffe c ts .  She auxins were 

combined and uBed with and without banana pulp aid coconut 

water. She resultB  are g iven  in  Table 25, .



Sable 25. E ffe c t  o f  growth, regu lators and other additives in  combination
on growth aid development o f  Epidendrum r  adicana seedlings

Sreatment combina­
t io n  w ith  Basic 
medium (VU)

Plant
heigh t

mm

le a f
HO.

1'iean
Boot
Ho.

Boot
len ­
gth
mm

Fresh
wt.

mg

Dry o f
w t. dry ^  weight

mg

HAA 1ppm 4S.11 2.72 fc.97 30.19 3 2 .1 0 1.28 5.81

ISA  3 ppm 43.42 2.63 2.95 32.71 19.46 1.26 6.47

Banana pulp 15# 36.37 2.86 2.80 28.81 18.27 1.11 6.07
Coconut w ater 15# 28.30 2.76 2.12 14.40 17.11 1.02, 5.96

HAA 1ppm +IBA 3 ppm 31.40 2.95 2.70 20.40 20.43 1.30 6.36

Coconut water 15# + 
HAA 1ppm +IBA 3ppm

74.20 4.30 3.52 48.70 27.70 1.75 6.31

Banana pulp 15# + 
HAA 1ppm+ IBA 3 ppm

62.10 3.56 2.70 35.40 26.39 1.66 6.29

Coconut water 15#+ 
Banana pulp 15# +
HAA 1 ppm + IBA 3 ppm

6 6 .2 5 3*48 3.10 39.37 27.15 1.79 6.59

F-Test « * * * HS «■# HS HS -

S-Em+ 3.09 0.142 0.427 2.056 - - -

C.D. 9.38 0.431 1.297 6.237 - - -

* *  S ig n if ic a n t  at 0.01 HS Hot s ig n if ic a n t



She combined e f f e c t  o f  HAA end IBA were not superior

to  the in d iv idu a l treatments o f  HAA and IBA. Mazimum growth

was obtained w ith a combination o f  HAA 1 ppm with IBA 3 ppm

and banana pulp. Plant height (>74.2 am), l e a f  number (4 .3 ),

roo t number (3 -52 ), root length  (48.7 mm) md green and dry

weight were aLso more compared to  others. A combination o f

HAA 1 ppm with IBA 3 ppm and coconut water produced more number

o f  leaves (3.56) compared to the above treatment. A combination 
fou r -

o f  a l l  the/additives (HAA t ppm, IBA 3 ppm, Coconut water 

end banana pulpj produced more plant height ( 6 6.25 mm), roo t 

numbers (3 .1 0 ), ro o t length  (39*37 mm) and green and dry 

w eight. Plants on treatmart with banana and growth regu lators 

were dade green md v e ry  hea lthy. Banana pulp in  combination 

w ith coconut water induced very healthy dark green  seedlings.

4.1 .7  Vanda Coerulea

Capsules o f  Vaada coer u lea tales 8 to  9 months 

f o r  f u l l  maturity. The rip e oapsuleswere cut open and the 

seeds were cultured on d if fe r e n t  media (KC, MS, VU, BN and M9V&)» 

fo r  standardisation . In i t ia l ly  the seeds not show any

symptom o f germination. A fte r  a period o f 3 weeks, the seed 

mass turned yellow  and formed in to  ca llu s . The ca llus growth 

was continued upto a period o f 2/2 to 3 months and then 

d iffe ren tia te d  in to  p la a t le ts . The germination and growth 

was fa s te r  on IIS medium (Table 26). The data ind icave that the 

shortest time requ ired fo r  ca llu s form ation was w ith MS medium 

(22 d ^ s ) , fo llow ed  by Vaoin aid lient medium (22.5 days) md

1 0 0
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2able 26. E ffect otf d iffe ren t nutrient media on gem ination
end le a f  production in  Vanda coerulea

Nutrient media Ilean number o f  days fo r
Callus Callus Appearance Appe- Appe a-
forma- d i f f e r -  o f  1st arance ranee
t io n  end 
green ing

enfcia-
t io n

le a f o f
2nd
le a f

o f
3rd
le a f

Knudson C (SO) 27.20 94.00 155.00 186.00 201

Muraahige-Skoog(HS) 22.00 79.50 92.50 122.50 138
Vaoin and Went(TO)' 22.50 99.00 144.00 176.00 201
B urgeff ff^?(BN) 24.00 97.50 120.00 158.00 177

M odified  Vacin cr, 
and Weat(HVK) 0 0 84.po 116.00 15 2 .0 0 172

Sable 27. E ffe c t  o f  d iffe ren t ' nutrient media on growth 
and development o f Vanda ooeru lea

Nutrient media Mean Per-

P lan t
height

mm

le a f
No.

Soot
No.

Root fresh  
len g - wt. 
th
mm mg

cen-
wt tas® o f

Sf
Knudson C (SC) 12.20 2.79 1.75 4.48 47.00 2.62 6.00
Ilurasaig e- Ska 0 g 
( I E ) ^

18.72 3.35 2.42 4.33 56.12 3.76 6.69

Vacin and Kent 
(TO)

13.11 2.54 1.87 3.95 29.20 1.57 5.37

B urgeff N^F(BN) 11.76 3.04 1.04 3.24 26.40 1.58 5.98

M odified Vacin 
and Uent (MVU) 14.70 2.93 1.22 3.85 33.70 2.09 6.20

E -tes t NS * *«•
S-EhH; 2.53 0.143 0 .0 3 2 0.129 2.10 0.134
C.D. 7.82 0.442 0 .2 5 2 0.398 6.49 0.411

*  S ign ifican t at 0 .0 5 ** S ign ifica n t at 0.01 NS Not s ig ­
n ific a n t



m odified f a d n  sad Went medium (23.5 days). The shortest 

time eaLXus d if fe r e n t ia t io n  was 7 9 I 5 days on MS medium, fo llow ed  

by m odified Vacin and Went medium (84 d a ys ). The ra te o f  l e a f  

production was also fa s te r  w ith  Ms' medium fo llow ed  by m odified 

Vaoin and Went medium, The media TO and HTO behaved almostI
s im ila r ly  in  ca llu s  form ation* But the subsequent growth and

development was fa s te r  w ith  IOTF medium. She seed lings in  MS
enX- 1

medium was more v igorou s w ith  dark green fo l ia g e .  She leaves

were broad and th ich .

OJ4
Tho growth measurement o f  the seedlings /ire recorded 

(Table 2 7 ). She IIS medium was found to  in flu ence p lan t height 

(18.72 mm), l e a f  number (3 *55 ), ro o t number (2 .4 2 ), green and 

dijr weight. The maximum ro o t length, was obtained w ith  Knudson 

0 medium (4.48 mm). Herb to  MS medium m odified Vaoin and Went 

medium induced more p lan t heigh t (14.70 mm). B urgeff 11̂ ? medium 

induced more number o f lea ves  ( 3 . 0 4 ) and KhudBon C induced 

more ro o t  number (1 .7 5 ), hreah and dry weight.

Based on the above re su lts , MS medium was se le c ted
i

as a bas ic  medium fo r  fu rth er stud ies. The ca llu s  bodiesi
(PBBs) produced on a basic medium were sub-cultured on medium 

w ith  d if fe r e n t  add itives . The treatments were applied in d i­

v id u a lly  and in  combinations. The in d iv id u a l treatments 

were as fo llo w s . IAA, HAA, IBA and 2, 4-p  at 1, 3 and 5 ppm 

GA and BA at 0 .1 , 1 and 3 ppm,Bagsna and coconut water 15 percent.

1 0 2



Che re su lts  ere presented in  Cable 28,. • Growth measurements 

of the p la n tle ts  on medium with two le v e ls  o f  NAA, two le v e ls  

o f  GA sad banana pulp were s ig n if ic a n t ly  superior to con trol. 

Maximum plant height was obtained w ith NAA 1 ppm (16.5 mm) 

fo llow ed by GÂ 1 PPm (14.85 mm) NAA 3 ppm (13.25 mm) and Banana 

pulp 15 per oent (12.00 nan). Maximum number o f  leaves  were 

produced on medium w ith NAA 1 ppm (3.75) fo llow ed  by GA 1 ppm 

(3 .6 7 ), GA 3 ppm (3*52) aid banana pulp 15 per cent (3 .0 ) .  Other 

treatments were not e ig n if ic a n t ly  superior over con tro l. Che 

maximum number o f  roots were produced with NAA 1 ppm (2 .8 5 ), 

which is  c lo se r ly  fo llow ed  by GA 1 ppm (2 .7 0 ), NAA 3 ppm (2 .54 ),

ISA 3 ppm (2.25) and GA 0.1 ppm (2.20) treatments, Che maximum 

roo t length was recorded in  treatment w ith NAA 1 ppm (5*8 mm) 

fo llow ed by GA 1 ppm (4.75 mm), NAA3and 5 ppm (4 .2  and 4.1 mm) 

treatments. Che green and dry weight were also maximum on 

treatments with 1 ppm NAA, 3 ppm NAA, 1 ppm GA and 0.1 ppm GA. 

Other treatments were not s ig n ific a n t ly  superior over oon tro l.
I

Based on the resu lts  obtained wi 1ii -the in d iv idu a l i

treatments a combinationtof treatments were made end the seed­

lin gs  were sub-cult ured. Che treatment combinations were 

using basic medium (MB) w±th. NAA 1 ppm end GA 1 ppm. Che 

combinations were used w ith end wiUiout 15 per cent coconut 

water and banana pulp. Che re su lts  obtained are g iven  in  

Cable 29 .

Che p lan t heigh t was maximum with a combination o f 

basic medium with GA 1 ppm, NAA" 1 ppm and coconut water 15 

per oent (16.66 mm) (P la te  4*4) and th is  was fo llow ed by a

▼1
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Table 28. E f fe c t  o f  d if fe re n t  growth regu lators and other add itives  on
growth and development o f  Vanda coeru lea seedlings

Treatments w ith  
Hurashige-Skoog 
medium

Mean Perce­
H eigh t
o f
p la n ts

mm

Number
o f
le a v e s

Humber
of
ro o ts

Hoot
len g ­
th

mm

Fresh
w eigh t

mg

Dry
u e igh t

mg

ntage
o f
dry
w eigh t

1 2 3 4 5 6 7 8

IAA 1 ppm 10.40 2.43 1.44 3.25 18.75 1.21 6.45

IAA 3 ppm v 9.70 2.89 1.87 3-10 16.65 1.00 6.00

IAA 5 ppm 8.16 2.35 2.05 2.85 17.40 1.01 5.80

HAA 1 ppm 16.50 3.75 2.85 5.80 48.44 3.19 6.58

HAA 3 ppm 13.25 2.84 S. 54 4 .2 0 “ 43.22“ 2.80 6."47

HAA 5 ppm 6.35 2.40 2.10 4.10 29.12 1.77 6.08

IBA 1 ppm 8 .2 5 2.75 1.93 3.25 18.77 1.14 6.27

IBA 3 ppm 9.35 2.25 2.25 3.54 9.12 0.49 6.03

IBA 5 ppm 7.25 2.95 2.05 3.10 11.29 0.65 6.02

2,4-D 1, 3 and 3 ppm Ho growth



contd.

1 2 3 4 5 6 7 8

GAj 0.1 ppm 9.10 2.20 2.20 3.70 37.14 2.33 6.27

GA  ̂ 1.0 ppm 14.85 3.67 2.70 4.75 40.12 2.44 6.08

GA  ̂ ppm 11.45 3.52 1.45 3.65 35.12 2.28 6.49

BA 0.1 ppm 7.15 2.15 1.64 2.58 20.40 1.18 5.78

BA 1.0 ppm 8.50 2.20 1.35 3.10 19.12 0.97 6.12

BA 3.00 ppm 6.15 1.62 1.44 3.15 22.10 1.21 5.92

Coconut water 15/4 10.00 2.66 1.33 3.40 26.66 1.67 6.26

Banana pulp 15$ 12.00 3.00 1.40 3.45 26.40 1.58 5.98

Control(MS) 9.55 2.25 2.10 3.25 22.18 1.35 6.08

P - te s t **• ■** e * * * * * •

S-Em£ 2.25 0.245 0.228 0.499 - - -

C.D. 6.735 0.730 0.680 1.488 - - -

* *  S ign ific a n t a t 0.01



treatment o f  GA 1 ppm with oooonut water (15.37 mm) md HAA 

1 ppm w ith oooonut water (15*25 mm). Maximum le a f  number was 

obtained on a treatment with NAA 1 ppm alone (3 .81 ) aid f o l l ­

owed by a treatment w ith  HAA 1 ppm and banana pulp (3 *6 2 ). 

Maximum roo t number was obtained w ith  a combination o f  basio  

medium w ith HAA 1 ppm, GA 1 ppm md coconut water 15 per cent 

(2 .4 ) and i t  was fo llow ed  by a treatment w ith  HAA 1 ppm, and 

coconut water 15 per cent (1 .85 ) and a treatment o f  HAA 1 ppm 

w ith banana pulp 15 per cent (1 .75 ) • (H a t e  4 .2 ).  The root 

length  (8  mm) was maximum on medium w ith  GA 1 ppm, HAAlppm 

md coconut water, Th is was fo llow ed  by HAA 1 ppm w ith  banana 

pulp (6.25 mm) md HAA 1 ppm with coconut water (6.20 mm), 

other treatments were n o t s ig n if ic a n t ly  superior.

The green md dry weight wore maximum on a treatment 

w ith GA 1 ppm, HAA 1 ppm and coconut water fo llow ed  by HAA 

1 ppm md banana pulp and HAA 1 ppm and coconut water 15 

per cent.

4.2 Tissue cu lture

4.2.1 Ovmbidium meristem culture

Meristems o f  Cymbidlums were tested  on d i f fe r e n t  

media and the boot r e s u lts  were obtained on Vacin and Went 

medium. Protoeorm l ik e  bodies were formed on TC medium w ith in  

15 days w h ile  i t  took  2?Jf days on Murashige and Skoog medium. 

There was no development on B urgeff H^P and on Enudson C 

medium. Protocorm l ik e  bodies with rh izo id s  and t in y  lea ves  

were fu rth e r  s l ic e s  and put on fresh  medium fo r  sub-culturing

1 0 G



Sable 29. E ffe c t  o f  d if fe re n t  growth regu lators end other additives in
combination on the grroth o f  Vanda coerulea seedlings

Treatments w ith  
MnraBhige-Skoog 
(MS) medium

5 i a x t
h eigh t

ram

l e a f
Humber

Boot
number

Boot
len g th

mm

Fresh Dry 
w eigh t w eigh t

mg mg

Percen­
tage  o f  
dry 
w eight

9.S2

11.20
10.00
12.00

11.62

15.25

NAA. 1 ppm
GAj 1 ppm
Coconut water 15$
Banana pulp 15$
NAA 1 ppm+ Banana 
pulp 15$

NAA 1ppm+ Coconut 
Water 15$
GAjI ppa+Banana pulp 9.05
GA^1 ppm+Coconut water15.37
GA^I ppm+ NAA 1ppm 12.61

GAjI ppnrt-NAA 1ppm+
Banana pulp 15$
GAa1ppm+IJAA 1ppm+
Coconut w ater 15$
GA* 1ppm+ NAA 1ppm+
Coconut w a te r 15$+
Banana pulp 15$
F - te s t  
S-Em+
C.D.

12.29

16.66

15.48

* *  
1.00 
2.§43

3.81
3.12
2 .66
3.00

3. 62*

3.30

2.10
2.94
3.07

2.63

3.50

3.00

0.208
0.82

1.37
1.12
1.30
1.40

1.75

1.85

0.89
1.44
1.30

0.90

2.40 

1.35

0.118
0.348

5.00
4.31
3.40

3.45

6.25

6.20

2.58
3.06

3.54

3.11

8.00

4.43

0.349
1.026

18.75
17-50
16.66
26.40

26.92

29.40

51.20

21.70

* *

S=. 22 
1.12 
1.01 
1.76

45.60 2.87

8.95 0.54
18.75 1.16

1.72

1.85

3.43

1.43

6.50
6.40
6.06
6.66

50.00 3*05 6.10

6.29

6.37
6.18
6.39

6.29 

6.70 

6.59

* *  S ig n i f lc m t  a t 0.01
M-
O
-J
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I f  l e f t  undisturbed the d iffe ren tia tion , started  w ith in  35 to  

days and small p la n tle ts  were obtained. llhen the experiments 

were terminated a fte r  40 days each tissu e segment was rinsed 

in  water aid dried  fo r  15 minutes over f i l t e r  paper before  each 

weight detennination.

Medi a Fresh weight

Vaoin and Kent 85 mg

Murashige-Skoog 67 mg

Burgeff Ĥ E1 11 mg *

Knudson C 11 mg *
*

*  O rig ina l weight o f  the tissu e a i l  mg

E ffe c t  o f  growth regu la tors

Media Vaoin and Kent + I M  ( V. 5 and 5 ppmjfc

" + HAA ( V. 3 Sid 5 ppm)

11 4* IAA # HlAA ( 1,3 and 5 ppm e ach)
* r>

Experiments were also conducted t !0 see the e f f e c t  o f  d if fe re n t  

growth regu lators alone and in  combination 

Tcf *■ IAA (1, 3, 5 ppm each)

TO + EM (1 , 3i 5 ppm each)

I t  was observed that IAA alone d id  not induce any 

increase in  fresh  weight, while in  combination w ith HAA (1 ppm) 

the growth was much fa s te r  and t i e  ?I3s were much more green.

2, 4-D (1 , 3, 5 PPm)

At 3 and 5 ppm, 2,4—D in h ib ited  the growth and developed.

However at 1 ppm, the fresh  weight was very high as compared to
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con tro l. The f r e d i  weight record's were taken a f t e r  45 days.

Kedia Fresh weight

Vacin and Kent (VU) 

VU + 8# 4-t" ( 1 ppm) 

TO + 2, 4-D ( 3 ppm)

85 mg 

117 mg 

85 mg

2 , 4-D (  5 ppm) Browning o f  t issu e

Lnal weight o f  tissue = 9.5 mg

4 .2  Hcdal cu lture
4 . 2.1 Dendrobium n ie ra rd ii

The nodal sections wore cultured on d if fe r e n t  media

(EC, MS, TO, BE md M'S ) .  The Vacin and Went medium took

shortest time (18 deys) fo r  sw e llin g  o f  the la t e r a l  buds. Th is '

was fo llow ed  by m odified Vaoin ana Went medium (27.5 days ). Ho

growth was observed on B urgeff medium. Explants produced

both j 2a liu s  end p la n tle ts  on Knudson C medium. Vacin and Went

medium produced more number o f  p la n tle ts  as compared to  o ther

media (S la te  6 .4 ). Th is mediumalso showed over a l l  su p er io r ity

da g e tt in g  more number o f  m u ltip le  shoots, p lant h e ig h t , le a f

number and green dry weight.

Knudson C ( l iq u id ) medium was used f o r  fu rth er 

treatments wish growth substances ( 2 , 4” B 0 .1  ppm) and other
i*

add itives  (coconut water 15  per cent) f o r  p r o l i fe r a t io n  o f 

ca llu s . A treatment combination Of 2, 4—D (0.1 ppm) and 

coconut water (1 5  per cent) induced b e t te r  p r o l i fe r a t io n  o f  

ca llu s  bodiss w ith  in  a period  o f  60 days (P la te  6 . 2) .

The ca llu s bodies were sub-cultured on s o lid  Knudson 

C medium w ith IAA (1 ppm)» BA (1 ppm), coconut water (15 per cent)
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x end i t s  combinations. Treatment w ith  13 pea cent coconut 

water alone produced p la n tle ts  in  minimum number o f  days(P Iate 

6 .3 ). Combination o f  a l l  the three components also produced 

sa t is fa c to ry  re s u lts .

Epldendrum radio ans

The nodal sections cultured on d i f f e r e n t  media produced 

p la n tle ts  in  a l l  the media except Knudson C medium (H a te  7 *1 ). 

Out o f 10 cu ltu res, Knudson C medium produced 4 ca llu s  and 

Vacin and Uent medium produced 1 calloffi. A l l  the remaining 

treatments produced p la n tle ts  elone. The in it ia t io n  was fa s t  

in  KnudEon C end Vacin and Kent medium compared to  o ther 

treatments. However, more cexplsnts in it ia t e d  growth in  

Knudson C medium. M u ltip le shoots were produced on treatments 

with Knudson 0 and Vacin and Uent medium (P la te  7 *4 ). Maximum 

number o f  sprouts were obtained with Knudson C medium. |

Knudson (J medium proved superior o ver  o ther media in  a l l  growth 

ch a ra c te r is tic s  (Table 32)•

The ca llu s  bodies obtained were sub-cultured on 

so lid  Knudson 0 medium w ith growth substances aid other 

add itives  fo r  p r o l i fe r a t io n  o f  c a llu s  t is s u e . Treatment w ith  

coconut water 15 per cent aLone and in  combination with 

2,4—E 0.1 ppm induced ca llu s  p r o li fe r a t io n . However, treatment 

w ith  coconut water alone produced, more ca llu s  compared to  

other treatments. The ca llu s  bodies grew approximately to 

.5 to 1.0 cu. cen ti meter s iz e  w ith in  60 days a ft e r  cu ltu rin g.

1 1 0
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Table 30. E f fe c t  o f d if fe re n t  media on growth and development o f
nodal sections o f Denarobium p ie ra rd li

U utrien t
media

Mean number o f 
days f o r  
s w e llin g  o f  
nodes.

Number o f  
node c a llu s  
form ed.

Number
o f
p la n t­
l e t s
formed

Mean 
num­
b er  of 
m u lti­
p le  
shoots

Mean
h e igh t
o f
p la n ts

Mean Mean 
l e a f  r o o t  
number num­

b er

Knudson C 36.50 2 2 1.50 14.75 1.5 -

Murashige-Skoog 36.50 3 2.00 10.45 2.0 0.33

Vacin  and 
Kent 18.00 6 2.50 33.50 3.5 3.00

B u rge ff
- x f ~ -  - ----------

. A
-

M od ified  Vacin  
and Uent 27.50 5 1.35 28.50 2.5 3.00

Number o f  nodal s e c tio n s  taken  f o r  each experiment i s  10
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The ca llu s  bodies obtained were sub-cultured on s o lid  

Knudson 0 medium w ith  IAA (1 ppm), BA (1 ppm) and coconut water 

( 15 per cent) aid i t s  combination f o r  shoot aid ro o t in it ia t io n *  

The combined e f f e c t  o f  coconut water and NAA on shoot i n i t i ­

a tion  was more, compared to  treatm m t w ith NAA (1 ppm) end 

coconut water. The p la n tle ts  produced were dark green and 

v e ry  h ea lth y . None o f  th e  o ther treatments, in it ia t e d  shoot 

and roo t (Table 55 ). Treatments w ith NAA and coconut water 

produced a e r ia l roots in  almost a l l  nodes in  addition  to  x

the basal ro o ts . NAA treatment produced lo s s  number o f  

a e r ia l roo ts . '

Yaadg te r e s :

The nodal sections o f  Vanda te re s  were cultured 

on d i f f e r e n t  media. The la t e r a l  buds developed in  Yacin 

end Went medium (P la te  6 .5 ). Whereas no bud development 

was observed in  Krudson C and Ilurashige-Skoog medium.

Among the 5 medi a responded growth, maximum growth was 

obtained w ith Vacin aid Uent medium fo llow ed  by modified 

Yacin and Went medium and Burgeff N ji' medium (Tab le 54 ).

The buds expanded and grew in to  pale ye llow  sem ispherical 

structure which continued to  grow and formed in to  p la n tle ts  

in  each tube.

Somo o f these sem ispherical bodies were excised 

from the explant m ateria l and the leaves  and ap ica l buds 

were removed end again cu ltured on a l iq u id  medium (W ) 

fo r  p ro life ra t io n  Treatment w ith  NAA (1 ppm) alone
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Ia b le  31. E ffe c t  o f  growth regu la to rs  and o th er a d d itives  on growth 
and d l f fe r e n t ia t io n o f  Dendroblum p ie r a rd i i  ca llu s

Treatments He an Number o f Kean number o f Height
w ith
Knudson C 
medium

number o f  
days fo r  
in i t ia t io n

p la n tle ts
formed leaves

produced
roo ts
produced

o f
p lants

60
dgys

90
days

120
days

60
days

so
days

120
days

Basic medium 
(c o n tro l) (Ca llus growth continued)

NAA -  1ppm 42 3 1 3 3.3 0.33 t 3 3.10

■5 <5 g 0 -1 .-3- 3 ft. —0.50. 2 2-30

Coconut water
155 (̂011) 28 6 2.5 3 5 2.5 4 4 6.50

NAA.+BA-1 ppm 53 2 0 2 3 0 2.5 3 2.10

NAA+BA-lppm 
+CU 15# 35 3 1 2.66 4 1.33 2.66 3 3.50
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Sable J2. E f fe c t  o f  d i f f e r e n t  media on the grarth  and development 
o f  Euidandrum radi c a ls  nodal cu ltu rea

H utrien t media Humber o f  
dgys f o r  
in i t ia t io n

Humber o f  
p la n t le ts  
formed

Humber
o f
ca llu a
formed

Humber
o f
m u lti­
p le
shoots
formed

H eigh t Humber Humber 
o f  o f  o f  
p lan ts  le a v e s  ro o ts  
cm

Knudson 0 50.50 4 4 3.50 1.50 2 .2 5 1 . 1 2

Murashige-Skoog 56.30 5 - - 0.25 1.33 -

Vacin_aid  .Bent___ - 5 1 .0 0 ______ _ _ 5 —  - — 1____ _ 2 . 2 0 __ -1.15- -_1 . 00_ _0.40__

B u rge ff H^F 61.00 2 - - 0.55 0 .5 0 -

M od ified  Vac in  

and Bent 6 0 ,5 0 2 - - 0.50 0 .5 0 -



Table 33* E ffec t o f growth regulators sad other additives on growth
and d iffe ren tia t ion  o f Eoidondrum radicana callus

(Number o f cu ltures in  each treatment = 1 0 ) .

Treatments w ith Mean Number o f H eight
Knudson C 
medium

days fo r  p le n t le ts  leaves  
in i t ia t io n  formed produced

roovs
produced

o f
p lan ts
cmui uuuoijb

30 60 90 30 SO 90 
days days days days days days

Knudson medium 
(c o n tro l) Callus turned brown and dead

iJ AA -- Ippa------- ---- -37.50 - — =2.75----- -1------------ 3= J1.25 _2.50- 1 .0  ___

BA 1ppm No ca llu s  growth

Coconut water 
(1555) (CU) 28.00 5 .0 0  1 3 4 -  2 .3 0  3*50 3.5

NAA+BA 1 ppm No ca llu s  growth

NAA+BA Ippm +
m

Callus s l ig h t ly  developed

NAA 1 ppra+Cd 2 3 .0 0 4.50 1 2 5 -  3.50 4.25 3.75

BA 1 ppm+CVJ Callus turned clown



Table 34. E f f e c t  o f  d i f f e r e n t  n u tr ien t m edia on growth m d  development 
o f Vanda te r e e  nodal sec tion s  *

H u trien t Mean Humber
o f
p la n t­
l e t s
formed

Mean Green
media H o .o f  

days f o r  
s w e llin g

Days f o r  
sem i-spe- 
h e r ic a l  
sprouts

H e igh t
o f
p la n ts
mm

le a f
num­
b e r

Root
num­
b er

Hoot
len g th

mm

dry
w eigh t
r a t io

Knudson C - - - - - - - -

Murashige- 

Skoog _ 45.25 - - - - - - -

V acin  and 

Uent
35.85 47.20 7 1.530 2.85 1.00 12.75

B u rge ff H^F 43.10 55.00 9 0.970 2.44 0.55 5.27

M o d ified  
Vacln  and 47.25 54.25 5 1.150 2.20 - -

bent

*  Humber o f  n od a l cu ltu res  in  each treatm ent = 10
M



Table 35* E ffec t o f growth, regulators and other additives on growth and
d iffe ren tia tion  o f Vanda terea callus

Treatment s 
w ith  so lid  
Vacin and 
Went medium

gumbor o f
days f o r  
in i t ia t io n

p la n tle ts
formed

lie eves 
prodaced

60 30 120 
days

Roots
produced

60 90 120 
days

Height
o f
plants

HAA 1 ppm
BA 1 ppm
Coconut water 155S (OK)

Callus growth continued
Ho growth and no ca llu s  d if fe r e n t ia t io n

Callus growth continued

HAA +BA (Ippm) Ho growth o r  d if fe re n t ia t io n

H AA+BA( 1 ppm)+
CU 15^

HAA 1ppm+CK I 59S

BA 1ppm+CU 15$

VW medium 
( Control)

Callus B lig lit ly  developed 

29 3 1

Ho growth

Ho ca llu s  growth obtained

1 3.00



1

Roots cultured on MS medium and treated  with. NAA 1.0 ppm 

took the shortest time fo r  in i t ia t io n  o f  growth and produced 

maximum roo t length . This was fo llow ed  by a treatment with 

coconut water 15 per cent alone. Treatments w ith  2,4—D 0.1 ppm 

and i t s  combinations k i l le d  a l l  ea jilm ta , Root extension 

with other treatments were not s ig n if ic a n t .

A treatment combination o f  NAA (1ppm) and k in etin  

(1 ppm) with basio  nediajroroduced short, stout aid th ick  roo ts , 

which resembled the ca llu s but not the r e a l c a llu s  . They 

also even tu a lly  d ied  a ft e r  two months.

H istochem ioal studies

Developmental chaiges during germination o f B l e t l l l a 
hyaointhiena seeds

The orch id  seed has an u n d iffe ren tia ted  embryo 

and i t  lacks the endosperm. Upon examination o f the seed 

sections, two d is t in c t  regions could be marked. One reg ion  

which i s  in  bon tinu ity w ith  suspensor cons ists  o f  la rg e  

Uaouolated c e l ls  and bhe other consists o f snaLl end dense 

c e l ls .  The form er one develops in to  the base and the la t t e r  

develops to form the a p ica l meristem. The rh iso id s  o r ig in a te  

from the basal portion .

The seed has go t a transparent seed coat enclosing 

on ly  the embryo inaJ.de i t .  On contact w ith  su ita b le  media 

the mature embryo imbibes water along with the nu trien ts , 

enlarges and breaks open the seed coat {.P late 8 .1 ).  The 

enlarged embryo does not assume my s p e o ifio  shape. However

119



Cable 36. E f fo e t  o f  n u tr ien t media on ro o t  cu ltu re  o f  Senflrobiiim 
noschatura *

H u trien t Humber o f  Roots Humber
media days

fo r
in i t ia t io n

produced
c a llu s

o f  ro o ts  
extended 30

days
(mm)

so
days
(mm)

SIH 
1I1

Enudson C
47 3 0 0.15 2.47

Murashige-
Skoog 25 _ 6 0.25 4.13 14.57

Vacin  and 
^ e ir if "  53 — -  — __ _ 2

0 0.20 7.24

B u rge ff HjF 42 1 0 0.31 5.25

M od ified  
Vacin  and 
Uent

50 - 3 0 0 .22 8.55

*  Humber o f  roo ts  cu ltu red  f o r  each  treatm ent. »10
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Table 37* E ffe c t  o f growth regulators end other additives
on root oultures o f  Dendrobium moschatum

Treatments 
w ith  M3 
media

Kean 
N o .o f 
days 
fo r  
i n i t i ­
a tion

N o.o f 
roo ts  
produ­
ced.
ca llu s

No.oEf
roo ts
exten­
ded

Kean, len g th  o f  
ro o t growth
30 60 90 

days days days 
(mm) (mm) (mo)

NAA 1 ppm(NAA) 22 6 4.0 9.31 16.25

2,4—D 0.1 ppm _ _ _

K in e tin  1 ppm 44 4 _ 0.50 2.50

Coconut water 
15 p er cen t 39 5 1.00 6.75

K in e tin  1 ppm 
+ 2,4-D 0.1 ppm 27 4 1.50 2.50

NAA 1ppm + 
K in e t in  1 ppm 27 - 2 - 2.00 4.25

K in e tin *
2, 4-D « .1  ppm + 
coconut water - - - - - -

HAA 1ppa+ 
K in e tin  1ppm 
+ Coconut h a te r  
15 per cent

37 2 - 1.25 5.50

HM  J>ppm + 2,4-D 
0.1 ppm + K in e t in  
1 ppm 4- Coconut 
h a te r  15 per cent

- - - - “

Number o f  ro o ts  cu ltured f o r  each experiment = 10.



PMEE Ho.8

Orchid coed development

1. S w e llin g  o f  embryo

2. Development of oribryo shoving polirity

3. A Protocora like body vlth ririsoida

4. Shoot spor differentiation in Erotocora like bods

5. A psoudohulb attached with Erotoeorm like body

5. Distribution of Protocora like body positive 
bodies in paeudobulb tissues;
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a polarity seems to have maintained right from the greening 

stage (Plate 8.2). At the stage o f differentiation, the 

hasal and apical ends become more clearly v is ib le .

In it ia lly  absorbing harrs are formed at the 

posterior end. Xhese are the rhizoids which absorb water 

and nutrients. She enlarged embryo with the jSilzoids is  

called protocorm lik e  body (PIS) (Plate 8. 3) .  She PIS 

further enlarges and la ter Shoot apex differentiates from 

its  epical end (Plate 8.4) .  Ste PIS has got a broad and 

f la t  surface at its  tip  ea rlie r to the differentiation of 

the shoot apex. A group o f narrow c e lls  rich in  cytoplasmic 

contents seems to act as conducting cells in the epidemics. 

In the epidemics near the top portion o f the PIS, stomata 

get differentiated which help in the exchange o f gases.

She lea f priaordia differentiate la tera lly  near 

the shoot apex. lEith the differentiation o f leaves an auto- 

trophic plantlet comes into existence. She plantlets at its  

early stage of growth are nourished by the P1B, upto the 

development of Chlorophyll in -the lea f primordia. She 

ihizoids are responsible fo r the absorption o f water and 

nutrients required by the PIS and the young plantlets. Uith 

the further development of plantlet a bulbous structure, the 

pseudobulb develops near the base o f the tu ft of leaves.

She pseudobulbs serves as a storage organ fo r  the plantlet. 

I t  consists of large cells and small ce lls  distributed in  a



characteristic) way. The EEB nourleh.es the p lan tle t in  the 

beginning, but when the downward flow  o f  metabolite starts  

from the photosyntheslsing leaves the former eases the 

nu trition  &. function and remains as a v e s tig ea l structure 

fo r  some more time (P la te  8 .5 ).

She pseudo bulbs develops vascular tissues fo r  the 

upward and downward translocation  o f nutrients and m etabolites. 

In  the meanwhile true roots with w e ll developed vascular 

strandB are also produced from the region  o f  junction o f 

PLB and pseudobulb.

4.3.2 Changes in  the macro molecular substances

Follow ing i s  an account o f  the ohm gee in  -the 

maoromolecular substances such as Insoluble polysaccharides, 

proteins, ENA, ENA raid l ip id s  during the d iffe ren tia tio n  

o f  p lan tle ts  from orchid seeds and ca llu s.

In  the PIE the lew er parenchymatous o e lls  contain 

rich  accumulation o f la rge sized PAS p os it ive  granules, Which 

were confirmed as starch grains by Iod ine Potassium iochide 

te s t (P la te  8 .6 ). The basal cellB  o f  tbs zh izo ids contains 

the starch grains w h ile  th e ir  terminal c e l ls  were devoid 

o f them. Towards the ape* o f the PIE, in  the parenchymatous 

c e lls  the starch grains gradually dim inidi in  s ize  and they 

are completely absent in  the o e lls  near the ap ica l end 

o f the PIiB (P la te  7 .4 ). Thus a gradient i s  created from 

base to  the ape* in  the d istr ibu tion  o f  insoluble o f  

polysacharidee _ 1 In  PIE. However, the c e lls  o f the
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shoot apex contain PAS p o s it iv e  cytoplasm free  from starch 

grains. In  the storage c e l ls  the starch grains are genera lly  

located  around the nu c le i (P la te  9 .1 ).

Both the le a f  primordia and the d iffe ren tia te d  leaves 

contain c e l ls  w ith  PAS P o s it iv e  Oytoplaanu hut no starch gra ins. 

She guard c e l ls  o f  th e  stomata near the top o f the PIS contain 

starch grains (P la te  9 .2 ).

4 . 3 . 3  Pseudo bulb

She pattern  o f  starch accumulation in  the pseudobulb 

i s  d iffe re n t  from that observed in  case o f  PUS. Pseudobulb 

i s  made up o f  two kinds o f  c e l ls .  Some o f them ace la rg e  

and they are surrounded by sneOll c e l ls  (P la te  8 .6 ) .  The 

sm ell c e l ls  contain a ve ry  r ich  accumulation o f  denaly stained 

starch gra ins. While the large c e l ls  contain r e la t iv e ly  

le s s  densly stained starch g ra in s . The r e la t iv e ly  le s s  number 

o f la rg e  staroh grains present in  the la rg e  c e l l s  are d is­

tribu ted  around the n u c le i and they appear to  be at various 

stages of d is in tegra tion . The c e l ls  o f  pseudobulb surrounding 

the vascular strands have a rich  accumulation o f  staroh.

The c e l ls  in  the crown o f leaves do not contain any staroh; 

however, th e ir  cytoplasm i s  PAS P o s it iv e . Further at the 

base o f the pseudobulb adjacent to the t ip  o f PBB the c e l ls  

are small and they do not contain any PAS P o s it iv e  bodies 

o r  starch. The roo ts , la t e r a l  shoots and th e ir  prim ordia 

are fr e e  from staroh accumulation but th e ir  c e l ls  contain 

PIS P o s it iv e  cytoplasm.



HiAEC No.9

C e ll atruoturo ond content a in. protocora l i k e  body 

and pseudobulbs*

D istrib u tion  o f  starch gro in s in  a c o l l  around 
nucleus

2. Stonota and guard c e l l s  in  Protocorn l ik e  body

3. Presence o f  cytoplasm ic EHA in  growing point

4. A pseudobulb w ith a la t e r a l  shoot d iffe re n t ia te d  

eb the boss and form ation conducting c e l ls .
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4*3*4 Inaoluble proteins

She cytoplasm of almost a l l  the cells  In the seed 

show a rich accumulation of insoluble proteins. After 

protrusion, the large beaal oells of protocorm lik e  bodies 

Show very low concentration o f cytoplasmic protein. Whereas 

tho small apical ce lls  possess a high protein content, Shua 

an increasing gradient i s  observed from the base to the 

apex in  the distribution o f proteins in  protocorm like 

bodies (Plate 9.3) > ®he rhizoidal ce lls  contain protein 

rich cytoplasm. Che primordia of shoot apex and. lea f have 

small oells rich in  cytoplasmic proteins, She narrow 

conducting cells possess a rich concentration o f protein) 

(Plate 9*3).

In pseudobulb cells , only the shoot, root and 

lea f primordia have protein rioh cytoplasm. In the storage 

region the large oells possess re lative ly  more oytoplasmio 

protein than the small oells,

4«3«5 Nucleic aoids

She distribution pattern o f ENA in PIS end pseu­

dobulb is  comparable to that o f proteins. She conducting 

cells  in the PIB end the primordial oells o f shoot and lea f 

concern rich cytoplasmic HKS.

In pseudobulb the ce lls  of shoot and root primor­

dial) possess rioh. oytoplasmio ENA (Plate 9.4f 5). Among the 

storage ce lls  o f the psaudohulb the large ones possess a
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h i^ ie r  co ncent ra tion  of BN A then the email c e l ls  surrounding 

them*

DNA is  found loo s i is  ed only in  the nuc le i. In  P1B, 

the c e l ls  at shoot end le a f  primordia hewe smell spherioal 

nuclei r ic h ly  stained fo x  SNA. Ihe o e lls  near the hose o f  

the PIB possess considerably la rge nucle i rich  In  SNA. A 

deoreasing gradient from base to the apex is  noticed in  

the s ize  o f nuolei in  c e l ls  o f  PEBo. She nuclei in  the 

conducting o e lls  are narrow and elongated.

4-3.6 l ip id s

A ll  the c e l ls  of the embryo before germination 

contained rich  accumulation o f o i l  globules (P la te  10.1). 

tiith  the onset o f germination the o i l  globules gradually 

disappear and by the time the shoot apex i s  d iffe ren tia ted  011(1 

aLl the o e lls  are completely depleted o f  th e lx  o i l  content. 

Sudanophilic substances are completely absent in  the tissues 

o f  pseudo bulb.

4*3.7 Developmental changes in  the oallus o f Dendrobiua 
p ie ra rd ll during p lan tle t d iffe ren tia tio n

Ihe p ro life ra t in g  oallus o f Dendrobium does not 

possess any regular shape. She tissues grow in d e fin ite ly  

and p ro life ra te  in  a l l  d ireotlons. Ihe ca llus tissue 

consists o f parenchymatous c e l ls  o f  d iffe ren t s iz e . Ihe 

peripheral c e l ls  are almost uniform in  s iz e , while the inner
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1. Seed sections allowing o i l  globuleo

2. Coed ifiootions atolnoa fo r  iro to ln o

3. Seed aliening ouapeuaor end

Callus d iffe ren tia tion  end p la rt lo t  forsirditon 

At Poriphercl c e lla  o f oollua

5. 7ascuO.Gr atsend formation

6. In te r io r  c o l la  with, at arcii<'grains.

Orchid ooodg end co ll contentn
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c a l ls  are enlarged to variou s degree (P la te  1 0 .4 ). At 

c e r ta in  lo ca tio n s  in  the periph era l la y e rs  o f the ca llu s ,
I

groups o f sm all c e l l s  d i f f e r e n t ia t e  in to  shoot ap ices . Che
I

l e a f  prim ordia d i f f e r e n t ia t e  la t e r a l l y  near the base o f  

shoot, apes, h ater the vascu lar strand d i f f e r e n t ia t io n  

takes plsGe (P la te  10.5 ) a c rop e ta lly  in  these structu res
io f  p la n t le ts . In  the meanwhile the ro o ts  w ith  w e l l  d i f f e r ­

en tia ted  vascu la r strands also develop near the basal reg ions 

o f th e  shoot ap ices . ,

4 .3 .8  In so lu b le  polysaccharides

She p eriph era l c e l l s  o f  the ca llu s  have sm all 

s ized  starch gra ins except at the re g io n  o f  shoot apes 

d i f f e r e n t ie t io n (P la t e  1 1 .3 ). The cytoplasm in  the c e l l s  

at the periphery i s  PAS P o s it iv e .  The en larged c e l l s  at 

the in t e r io r  part o f  the ca llu s  havo more number o f  la rg e  

s ized  starch g ro in s  (P la te  1 0 .6 ). The cytoplasm i s  

spare ly  d is tr ib u ted  and i s  PAS, P o s it iv e .  In  the Shoot 

primordium the c e l ls  are sm all md are fr e e  from  staroh 

accumulation. However, th e ir  cytoplasm i s  PAS P o s it iv e .

The vascu la r strands o f  both ro o t and shoot regions do not 

contain  starch  dep os ition .

4 .3 .9  In so lu b le  prote in s  and BITA

The cytoplasm in  the p e r ip h e ra l c e l l s  i s  r ic h  

in  p ro te in  and EUA (P la te  10.4|and 1 1 .4 ). The c e l ls  o f  

the shoot and ro o t  prim ordia have s t i l l  h igh er concentrations 

o f  cytoplasm ic p ro te in  aid HUA i (P la te  11 .1 ).



PDAED Ho. 11

Callus d if fe r e n t ia t io n  and n la n tle t  fo ra  at ion

1. Cyto p i  conic p rote in  aid ENA at th e  shoot 

priraoxdia.

2. dha content a t th e  d if fe r e n t ia t in g  ap ica l 
reg ion

3. D is trib u tion  o f  in so lu b le  polysaccharides at 
the growing apox.

4. P ro te in  and ENA contort at the d if fe r e n t ia t in g  
sane o f  the ca llu e .
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She p e r ip h e ra l o e l ls  and the c e l l s  o f  shod: md ro o t  

prim ordia in  the stem ca llu s  have sm all sp h er ica l n u c le i 

in te n se ly  sta ined  by S c h if fs ' reagent (P la te  1 1 .2 ). The 

la rg e  in t e r io r  c e l l s  have p rop o rtion a te ly  en larged  n u c le i 

w ith  ridh  DNA content.

4 .4  Chromosome in s t a b i l i t y  in  tlsBue ou lture

In  the squash p repara tion  o f  cu ltu red  c e l l s  o f  

Dendroblum n ie r a rd i l  (2n  =40) a  la r g e  number o f c e l l s  were 

observed w ith  various abnorm alities. The most common being 

the va ry ing  number o f  Chromosomes in  d i f f e r e n t  o e l l s  fo llow ed  

by fragm entation  o f  chromosomes and c e l lu la r  and nuclear 

budding o f  va riou s c e l l s  n u c le i Showing h a ir  l i k e  p ro je c tio n s  

were a lso  seen.

The number of c e l l s  showing abnormal chromosome 

t o  ve ry  highJC 31 to  47 p er cenll most o f  the o e l l s  were h av iig  

fragm a ita tion  o f  chromosomes, the normal o e l ls  were not moire 

then 40 per cent which showed chromosome numbers ranging from 

2n = 27 to  43.

Anaphases were a lso not v e r y  regu la r most o f  them 

showed d ic e n tr ic  b r idges  and la g g in g  Chromosomes.

The number o f  abnormal o e l l s  however s ta rted  

decreasin g  when th e  tis su e  from d if fe r e n t ia te d  c o l l i  were 

analysed and the abnorm alities were not more th a t 10 to  1 7  per 

cen t.
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1 2 3

Table Ho. 38 Sable showing th e  d is tr ib u t io n  o f Chromosome
numbers in  ca llu s  c e l l s , o f  Dendrobium n ie ra rd ii

31. Ho. H o .o f chromosomes Other a b n om a lit ie s
or fragm entation

1 27
2 40

5 40
4 37 fragm entation

5 40
6 40 ^
7 40
8 32 ^
9 48 _

10 40 stidkness
11 40 fragm entation
12 36

15 40
14 40 ^
15 40
16 48
17 30
18 32
19 59
20 40
21 40
22 41 fragm entation
23 40

24 40
25 40
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DISCUSSION

She results of the various experiments are discussed 

in this chapter.

5.1 OrOhld seeds

Bhe orchid seeds are dust or flour-llke and very 

In. size, shape and colour in  different species) She colour 

may he white (Epidendrum radicals). Cream (Hiaius NalleChii), 

Blue green (B le tllla  hyacinthina), brom (Spathoglottis 

plloata), jjfed. ' and orange. Diversity of seed shape is  

considerable but fiv e  basic forms are recognised (C lifford 

and Smith, 1969I'iooDiouse, 197G)( Fig. IS ).

She seeds are unique in several respects, they 

ere exceedingly small, produced in  large numbers, the seeds 

have no endosperm (Savina ,1974), no cotyledons and no root 

in itia ls .

Orchids embryos consist of undifferentiated mostly 

isodiametric ce lls  with dense granulated cytoplasm and 

conspicuous nuclei. Cells of the posterior end are larger 

and vacuolated. A suspensor consisting of very large 

vacuolated cells is  attached to the posterior end (Alvarez, 

1959) aid the aiterior ohalazal or meristematic portion of 

the embryo is  composed o f relatively smaller cells(Plate 

10.3).
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£L1 the c e l ls  regard less o f  the p os ition  in  the 

embryo are h eav ily  packed w ith food  reserves, most o f  which 

in  1ixe form o f  l ip id  bodies (tfeisraeyer and Hofsten, 1976)* 

P rote in  bodies are also found but are re s tr ic ted  to upper 

two th ird  o f the embryo (P la te  10 ,2 ). Ho starch o r  other 

oarbohydrates are found in  dry seeds.

5.2 Standardization o f media 

Media:

A fte r  the discovery o f  Knudson C medium in  1921 

a la rg e  number o f media have been developed fo r  the 

gem ination  o f d if fe re n t  orch id  species. J ive  d iffe re n t  

media(Khudson C, Hurashige-Skoog, Vacin and Vent, Burgeff 

H^F and M odified Vacin end Vent) were selected to  study 

i t s  e f fe c t  on germination end growth o f  d if fe r e n t  orchid 

species, ffiie e f f e c t  o f  media on plant heigh t, roo t 

number and roo t length  were tabulated and represented 

graph ica lly  (P ig . 1, 2 and 3 ).  Some media contains only 

the major nutrients whereas others contains minor elements 

a lso . Incorporation  o f  mlononutrients in  the culture 

medium i s  o ften  recommended as even i f  not b en e fic ia l 

they are not harmful (A r d it t i ,  1967). A l l  the f i v e  media 

behaved d if fe r e n t ly  in  d iffe re n t  species in  inducing 

germination and subsequent growth.

5.2.1 B latin«jj. hvacinthina

B e tter germination was recorded on Vacin and 

Vent medium. tDhe quick germination o f  the seed may be
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FIG-1- PLANT HEIGHT OF ORCHID SPECIES AS INFLUENCED BY 
DIFFERENT NUTRIENT MEDIA

t> BLET1LLA MVACINTHINA 
«• PHAIUS -WALUCHII
3. SftATHOOiOTTlS PUCATA

4 ' DENDROBIUM MOSCHATUM 
ft. EPI DEN DRUM RADICANS 
« .  VANDA COERULEA

KNUDSON C
1 2  3 4  5 6 

M U R A S H IG E - SKOOG
I 2 3 4  5 6
VA C IN  A N D  

W ENT

I 8 3 4  5 6
BU R O E FF N j F

I 2 3 4  5 6
M O D IF IE D  
V A C IN  A N D  

W ENT



FIG.IO. EFFECT OF AUXINS ON PLANT HEIGHT OF ORCHID SPECIES
CULTURED ON DIFFERENT MEDIA

f. BLETILLA h y a c in t h in a
t> PHA1US WALLtCHIt
3 - SPAT HOBLOTTIS PUCATA

4 - DBNDROBIUM MOSCHATUM 
5 . EPIDENDRUM RADICANS 
f .  VANDA COE RU LEA

x

t a 3 4 5 e 
i a a -  « p p m

I £ 3 4  5 6 
N A A  -  t ppm
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FIG. II. EFFECT OF AUXINS ON ROOT NUMBER IN' ORCHID SPECIES 
CULTURED ON DIFFERENT MEDIA
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FIG. 12. EFFECT OF AUXINS ON ROOT LENGThJ OF ORCHID SPECIES
CULTURED ON DIFFERENT MEDIA
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5.2.4 SBotho^dottls QlleKtB

Shis is  a terrestria l orchid which responded trell 

to f3ttreshlgc*‘Sfcoog aediomfor gsrca,nation md fur&ier cwwfch* 

high colt concentration seea. to indue® better gerninstioa# 

m-A growth beceuoo of i t s  torrsatrial nature* $fc© geraLnsiiioa 

md loa f development was tester on M3 tae&lua* Other growth 

^  mure no at a vara also significantly superior to other nodia* 

lioffevej?, Ohsmnvotrciah md Pat 13. (1975) .reported whites 
ncdim sa suitable fo r  th is species* Beechy (1970) reported 

Vaoin md *Tent nodinn is  suitable fo r  gemination «a& growth 

of jggalfeQfilgSftlg (P ig .8).

5*2*5 Vmda

Among the fir® media used, aasiaum gemination 

md growth. vm obtained with H3 mediaminapite of high 

salt content and epiphytic nature of the espooice* SeodLings 
wore healthy tith dark green md broad leaves# Btiafeei? of 
dcye for gemination were almost einilcr la  all the five 
media. However* HS medium end If&eia m&.lent medium took 

the shortest tine* Whereas slow gemination was noticed 

As Knud eon 0 aediusu She aloroautrioato pro sent in the 

median Induced better growth of seedlings* She result© 
agree with me report of Arditti (196?) • (Fig.7).

5.2*6 gsa&a&Ua

She Burgeff medium wcs# proved superior fo r 

gersinatlon md growth o f me&lxtgs* Mow® - ( 1973) however



reported that Knudson C medium is  satisfactory fo r  the 

growth of Depdrobium. la  the present study Knudson C medium 

was in ferior to Burgeff N^P medium.

In  general MS medium induced better growth of 

Soathoglo ttls n il cat a and Vanda Cooru3.e a«_ She high salt 

concentration is  due to presence o f miem —elements which 

induced better growth. TJhile Vacin and 1/ent medium does 

not contain micro-nutrients B.hvacinthina* JP. 1!faiic_Qhfi 

and B.radj.cans were found to grow well in  this medium. 

Comparative studies have revealed that the reduction of 

phosphate levels can increase germination. Shis be 

due to the reason that orchid seeds are sansitive to 

phosphorus, further high phosphorus concentration may lead 

to iron deficiency.

5*3 Use of growth regulators in seed, germination

Growth substances were applied individually at 

different concentrations to study their effeot on growth 

of the orchid seedlings# The effect of auxins on plant 

height, root numbers and root length were tabulated and 

represented grapically (P ig .10, 11 and 12),

I t  has been reported that in most of tho oases 

IAA, ETaA or IBA enhanced the ^emanation or growth of 

orchid seedlings. Some of the growth substances lilce,

2, 4—D have reported to  have in h ib ito ry  e f fe c t .  The 

absence o f auxins causes death in  Dendrobiuro ovar2.es 

( Ia r e l ,  1965).

1 3 4



The role of cytokinin is  w ell established in seed 

germination. The germinating seeds are sensitive to cytokinin 

concentration than the pro to conn a. The seeds have very low 

requirement o f cytokinin and the seeds can produce the 

quantity required for i t s  development. The protocorm are 

capable of producing enough quantity o f cytokinins.

Bletmlla hvaeinthina.

Individual treatment of auxins ( lM t NAA, IBA and

2,4-B at 1*3 and 5 ppm) GA (0.1, 0.3 and 0.5 ppm) Kinetin and 

BA (1,3 and 5 ppm) and vitaains (nicotianio acid, pyridoxin 

and thiamin 0.5, land 5 ppm) were applied on Yacin md Rent
r

medium. IAA at a l l  the three leve ls  induced better growth. 

However, a concentration o f 1 ppm NAA was found superior over 

others. The effect o f 1TAA on plant growth has been well 

established (Boesman, 1962? Bose and Mukherjee, 1974, sad 

Mathews and Rao, 19G0). IBA «nd 2, at aLl the three 

leve ls  were not satisfactory fo r  growth. 2,4HD at a ll  the 

three leve ls  induced heavy callus end produced no seedlings. 

IAA at 3 ppm had slight increase in  growth of pleats. This 

agrees with the report o f Boesman (1962).

5. Vitanins such as n icotin ic acid, thiamine and

J Ryry&rosin were used at different leve ls  (0.5, 1 and 3 ppm), 

Shiamins has been proved to enhance the germination and growth 

of orchids (Ultimor, 1974). The pyramidine fractions o f  

the vitamin also sometimes enhance the growth o f plants.



However the re su lts  obtained w ith  B le t l l l a  hvaoinlfclna 

were not encouraging* H ico tin ic  acid, 3?h±amin and 

pyridoxin at a l l  the three le v e ls  proved in fe r io r  to  

con tro l.

5 ,0 .2 Bhaius w a lllo h ii

Growth substances were used in d iv i d i& lly  at d i f f e r ^  

©nt concentrat±on(lAA, HAA, IBa and 2, 4rp at 1» 3 and 5 

ppm, GA and BJk at 0*5/1 and 3 PPmj on Vacin end Uent 

medium and the seeds were sub-cultured. IAA at a l l  the 

three le v e ls  induced b e tte r  d if fe re n t ia t io n  and growth.

IAA at 5 ppm produced b etter growth, compared to  a l l  the 

other treatments. IAA induces b e tte r  growth in  O attleva 

(Boesman, 1962). Hadley and E arvis (1968) reported that 

IAA is  not sa tis fa c to ry  fo r  growth o f  orch id  seedlings*

IBA at h igher le v e ls  ( 3 Mid 5 ppm) induced b e tte r  growth0 

A concentration o f 5 ppm was proved superior. H an ts 

with such treatments produced b e tte r  root system. The 

increased fresh  and dry w ei$ it were due to b e tte r  root 

development and aLao the ultimate vege ta tiv e  growth. 2he 

favourable e f fe c t  o f IBA on growth has not been reported 

e a r lie r .  The w e ll  developed root system was responsib le 

f o r  the increased growth and weight. Ho germination was 

obtained w ith d if fe re n t  concentration o f 2, 4-D, GA and BaU

5*5*3* Sna.thoa3.ott i s  n i l  cat a

Results o f the ind iv idu a l treatment o f  growth 

substances indicated that IAA i t  a lower l e v e l  (1 ppm)



Induced maximum p la it  height w ith  more number o f leaves and 

roots* S im ilar resu lts  were obtained with Oymbidium culture 

(Ueda and fo rik a ta , 1968). H i^aer concentrations o f  HAA 

induced celluss ing and the few  p la n tle ts  produced th ick 

roots. Matsui et 3̂ .  ( 1970 ) reported that concentration 

below 1 ppm i s  good fo r  shoot growth and upto a concentra­

tion  o f 1 ppm do not a ffe c t  the growth o f Cymfridium.

Higher le v e ls  o f  IBA ( 5ppm) induced b e tte r  shoot 

growth and more number o f leaves . She fresh  and dry weight 

was considerably increased but the roo t number and length 

was lo ss , compared to UAA treatments. ISA induced thick­

ened roots, which increased the fresh  and dry weight, IBA 

does not seem to  improve plant growth. IAA at lo v e r  

le v e ls  (1 ppm) increased plant height and also «he green 

and dry weight. E a r lie r  reports  o f Hadley and H arris 

(1966) showed that IAA does not seem to  promote plant 

growth* lAA in h ib it  the gem ination  and growth o f H ilton la  

and Odontoalossum (Hays, 1969). However, the fin d in g 

o f  Boesman ( 1962) is  in  fjupport o f  the present fin d in g• 

Fonnesbech (1972) reported that IAA alone had no e ffe o t  

on QymMdium seed germination*

treatment with 2,4-D at a l l  the three le v e ls  

produced only ca llu s. Heavy oallussing was obtained w ith  

1 and 3 ppm le v e l*  Ueda and lo r ik a ta  reported that very 

low concentration (0.01 ppm) promoted shoot growth.

However a recent report o f  Fonnesbech (1972) states that

/
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2,4-D induce higjh weight increase by abnormal growth o f 

protocorm. In Su athoglot tia  p ile  at a no seedlings wore 

produced but only callus were formed.

GA aid BA at a ll the three leve ls  were not 

comparable to control• Higher leve l o f BA induced 

callus sing. Treatments with NAA, IBA and 2, 47D did not 

give any satisfactory results. No germination was obtained 

with a ll the three leve ls  of 2, 4*pD.

5*3.4 Bendrobiura moschatum

In d iv idu a l treatment o f  growth substances were 

mad© along with B urgeff medium. GA and IAA at e l l  the 

3 le v e ls  had b e tte r  p lan t h e igh t. The p lan t height has 

been in fluenced  to  a great exten t by GA 1 ppm. IAA 1 ppm 

also produced more p lan t h e igh t. The e f f e c t  o f  GA on 

germ ination and growth has been explained in  d e t a i l  by 

Iliyaauki and Nagamatsu (1965)•  I t  i s  reported  that low er 

concentration o f GA  ̂ 1 ppm induce p lan t growth end h igher 

le v e ls  were found to x ic  to  p lan ts . Subsequently Bose and 

Mukherjee (1976) reported  the GA induced l e a f  e lon gation .1 

The increased p lant height obtained in  th is  study I s  in  

conform ity with, the above rep o rts . She number o f  lea ves  

were maximum w ith  an in d iv id u a l treatment o f  IAA 1 ppm 

and GA 1 ppm.

5.3.5 Enidendrum radicals

The growth substances were applied in d iv id u a lly  

on Vacin end Went medium (IAA, NAA, IBA and 2,4“ J> at 1,3 and



5 ppm, aid GA and BA at 0.1, 1 end 3 ppm) fo r  culturing.

NAA at lower (1 end 3 ppm) le v e ls  aid IBA at h igher (3 and 

5 ppm) le ve ls  were proved superior over other treatments. 

Maximum plant height and number o f leaves were obtained w ith 

1 ppm NAA. I t  was follow ed by a treatment o f  IBA (3 ppm).

The growth promoting e ffe c t  o f  NAA has been reported in  

' many o f the orobid species such as Cyprinediuiq (Boesman,

1962) and Vanda (Mathew aid Eso, 1980). However3 concentra­

tion  above 1 ppm seems to stimulate production o f le s s  

number o f  seedlings and more amount o f ca llus tissu e. Such 

tissues do not d iffe ren tia te  into p lan tle t at any stage 

o f growth. The few seedlings produced at h igher le v e ls  

o f NAA are abnormally ball and stout with th ick  roo ts . Bose 

and Kukherjee reported that lower concentration o f NAA (1 ppm) 

induce callus and h igher concentration induce only roots.

IBa at 3 ppm had also produced increased p lea t height and 

le a f  number. No reports are availab le to substantiate the 

find ing.

Treatment w ith 2,4-D at lower le v e ls  (1ppm) produced 

few seedlings. At h igher le v e ls  (3 and 3 ppm) heavy cs llu r 

ssing was observed. Induction o f growth at lower le v e ls  

o f 2,4-D had been reported by Ueda and Torlkata (1969). 

Ichihaehi end Kako (1973) reported that 0.1 ppm, 2,4~d 

promoted shoot growth in  Gactleva. The resu lts  indicated 

that Epidendrum radicana can grow at lower le v e ls  o f  2,4-D.
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In  th is  experiment the seeds were allowed to  in i t ia t e

ca llu s  in  MS medium and l a t e r  sub cu ltured on fresh  MS medium

with add itives . She seed lin g  development was v e ry  slow.

Growth, substances were app lied  in d iv id u a lly  (IAA» BAA* IBA and

2,4-D at 1, 3 and 5 ppm and GA and BA at 0 .1 , 1 and 3 ppm).

Among a l l  the treatments BAA at low er ( 1 and 3 ppm) le v e ls

and GA at h igher (1 and 3 ppm) le v e ls  proved superior to

other treatments* IAA at a l l  the three le v e ls  were not

superior to co n tro l. BAA at 1 ppm resu lted  in  maximum plant

h e igh t, le a f  and roo t number, ro o t len gth  and fresh  and dry

w eigh t. The fin d in gs agree w ith  the rep ort o f  Mathews and

Rao (1980). GA (1 ppm) also had exh ib ited  b e tte r  growth 
/*

performance in  p la i t  h e igh t, l e a f  and ro o t  number,root length , 

fresh  and dry weight. The favourab le e f f e c t  o f  low er con­

cen tra tion  o f GA has been reported by Miyasuki md Bagaraateu 

(1965) in  Bendmbium. The statement holds good fo r  Vanda.

A l l  the other treatments w ith  IBA; 2 ,4-D end BA 

were in fe r io r  to con tro l. With 2 ,4—D at a l l  le v e ls  no 

growth was obtained. The ca llu s turned black in  a short 

tim e.

5.4 E ffe c t  o f complex organic add itives  on seed germination 
and growth

The substances other than growth regu la to rs  were 

a lso  found to  in flu ence  growth o f orch id  seed lings. This 

includes complex mixtures l ik e  coconut water, banana pulp,

563*6 Vanda Ooerolea



tomato Juice aid other f r u i t  ju ices . In  the present study 

only coconut water and banana pulp were used. The e f fe c t  

o f tomato Juice on B le t i l l a  hy^cinthina was also studied.

5,4.1 B le t i l la  hyacinth in  a

The d if fe r e n t  additives used were coconut water (10 

and 15 per cen t), banana pulp (10 and 15 per cent) and tomato 

Juice (10 and 15 per cent) coconut water at both le v e ls  

(10 and 15 per cent) induced b e tte r  growth. Bowevet 15
r

percent coconut water produced sa tis fa c to ry  resu lts . Banana 

pulp also induoed b e t te r  growth at 15 per cent. E ffe c t  o f  

coconut water and banana pulp in  growth has been w e ll 

estab lished, (Xawrence and A rd it t i ,  1964*, A rd it t i ,  1967,

E o  In tyre  e t  jg.. 1974) • Treatment w ith  tomato ju ice  did not 

produce any sa t is fa c to ry  results# A rd it t i  (1966) reported 

that tomato ju ice  i s  detrim ental to  the growth o f  Onttleva 

seedlings which is  in  support o f  the present study#

5*4*2 -Hiatus w a llic h ii

The e f f e c t  o f coconut water and banana pulp on 

growth were satisfactory#  However the resu lts were not 

comparable with the auxin treatments# Banana pulp treatment 

was superior to  coconut water treatment# E ffe c ts  with 

coconut water were s l ig h t ly  superior to con tro l. The 

fin d in gs  agrees w ith  the report o f  A rd it t i  (1967) end Mo 

In ty re  e t  ^  (1974) in  0 at t  le y  a seedlings. Coconut water
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does not seeing to promote the growth of Phalus wallichii 

seedlings*1

5*4*3 Upathoglottis plicate

Banana pulp end coconut water (15 per cent) induced 

Better plant growth. The same results were obtained with 

some of the o-foer species. The findings agree with the 

earlier reports o f Arditti (1967)* Anderson (19&7)p Arditti 

(1968), Howe (1973) sad Mao latyre (1974).

5*4*4 Bendrobium moaohatuia

The individual treatment o f banana and coconut 

water (15 per cent) produced better plant height. Treatment 

with banana pulp produced maximum' number o f leaves. The 

finding is  in  fu l l  agreement with the report o f Mow© (1973) 

where he reported that banana pulp promote better vegetative 

growth. Ho treatments produced good roots. A slight root 

promoting activity was observed with banana pulp. Banana 

pulp also favoured the increment in green and dry weight.

Epidenflrum radio an a

Bmana pulp and coconut water (15 per cent) each 

applied individually increased tb« p lm t height, lea f number, 

green and dry weight. The results agree with the findings 

of the other experiments and earlier reports.

Vanda Coerulea

Treatments with 15 per cent coconut water v/v 

and banana pulp were s ligh tly  superior over control. However, 

banana pulp exhibited superiority over coconut water. Other

142



growth characteristics were also not encom: aging. E arlie r 

reports states that coconut water and banana pulp Increased 

germination percentage o f Vanda to about 80 per cent

was observed with coconut water (Rosa et h i* 1977)• However, 

the present study does not agree with the above reports*

E ffeo t o f  growth substances In  combination with oomplox 
organic additives

D ifferent treatments wero given combining the growth 

substances and other additives to  study I t s  combined e ffe c t  

on growth and development o f orchid seedlings*

B le t l l la  hyacinth in  a

A combination o f treatments with HAA 1 ppm, IAA 3 ppn, 

C-A 0.3 ppm, coconut water 15 per cent md banana pulp 15 

per cent were applied on Vacln and T£ent medium* A high 

rato o f growth was noticed when banana pulp alone was used* 

Similar resu lts were obtained w ith a combination o f a l l  the 

additives,but without coconut water. !Ehe resu lts  indicate 

that banana pulp alone is  capable o f Increasing growth o f 

B le t l l la  hvacinthina seedlings. Ho appreciable growth

together.

5*5*2 Phaius w eiloch ll

A combination o f auxins (lAA and IBA 5 ppm), 

coconut water and banana pulp (15  per cent) were applied 

along with medium* A combination o f  IAA, IBA and banana pulp

(Lawrence and A rd lt t i,  1964)* In  Cvmbidlum better growth

was observed when a l l  the f iv e  additives were used



produced better resu lts  compered to  other treatmaitB. IAA 

at 5 ppm all one also produced better resu lts  but to  a lesser 

degree, She e ffeo t o f coconut water end banena pulp on 

growth o f  Oattleva. CymbiflLom and Den&robium has been 

emphasised (Lawrence and A rd itt i (1964), Hose e£ a l . (1977) 

and Howe (1973)-

5*3*3 Spathoglottls plioata

A'combination o f treatments (HAA and IAA 1 ppm,

IBA 5 ppm, bmana pulp and coconut water ) vere applied 

on HS medium fo r  the culture o f So atho g lo t t is  n i l  cat a.

B etter plant heightvroot number, green and dry weight were 

recorded with a treatment o f a l l  the f iv e  additives. Treatment 

with bansia pulp alone was s lig h t ly  in fe r io r  to the treatment 

combination* This indioated that the growth promotion in  

treatment combination is  mainly due to banana pulp. The 

number o f  leaves were maximum in  a combination o f ooconut 

water along with a l l  the three auxins and i t  was c lose ly  

followed by a treatment w ith a l l  the three auxins alone*

Hence the increased le a f number cai be due to  the e ffe c t  

o f  in teraction  o f auxins end the coconut water has a negll® 

g ib le  ro le  in  increasing the number o f leares. However, 

Ohennaveeraiah end P a t i l  (1975) reported that 10 per cent 

coconut water with casedn hydrolysate increased the growth 

o f gnathoglottis on Whites media* The b en efic ia l e ffeo t 

o f coconut water has been reported by Uac In tyre ,^(1974)* 

The resu lts Indicate that coconut water along with other 

additives such as auxin or casein hydrolysate accelerate 

the growth o f Hpnthoglottis n il cat a seedlings. Treatmmt
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with a l l  the three auxins produced more fresh md dry weight. 

5.5*4 Dendrohium moachatum

Ihe combination o f treatments were made with. IAA 1 ppm 

and GA 1 ppm with end wilhout coconut water end bmana pulp 

(15 per c en t). Maximum plant h eigh t, le a f  number, root 

number, root length , green and dry weight were observed with 

a combination o f IAA and GA 1 ppm and banana pulp. Combination 

o f a l l  the fou r add itives  were also superior but they were on 

par with the treatment o f banana pulp alone* She su periority  

o f  banana pulp over other add itives  are fu rth er emphasised, 

in  th is  caperiment. She e f f e c t  o f  oooonut water was not 

promising. She seedlings produced on media with oooonut 

water were pale and unhealthy*

5*5*5 Bnldendrum radioans

Xfce treatment combinations were f ix e d  w ith  I7AA 

(1 ppm) end IBA (5 ppm) w ith and w ithout coconut water md 

banana pulp. Maximum growth (p lant heigh t, le a f  md ro o t 

number roo t length  green md dry weight) was observed in  

a combination o f HAA 1 ppm, IBA 5 PPm end coconut water* 

Combination o f  a l l  the fo u r add itives a lso  had b e tte r  growth*' 

treatment with coconut water alone was proved in fe r io r  

to  treatment with ban am  pulp alone* But along w ith UAA 

and IBA coconut water exh ib ited  b e tte r  growth perforam ce . Xhe 

increased growth promoting a c t iv ity  o f coconut water has been 

described ea rly  by Xawrence md A rd lt t l ( l9 6 4 ), A rd it t i ,  (1967) 

Mac In ty re  (1974) md Rosa s i  jjL (1977).
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She combination o f  treatments were f ix e d  at 1 ppm 

o f IIAA and GA,15 pea; cent coconut water v/v and banana 

pulp* A treatment with HAA, GA end oooonut water was 

superior to  other treatments. She growth invigou ratlon  

was exh ib ited  when coconut water was used along w ith  HAA 

and GA* Combination o f a l l  the fou r ad d itives  were also 

superior in  promoting the growth o f  protocorms and 

d iffe re n t ia t io n *  She re su lts  obtained in  a combination 

of HAA w ith  oooonut water and GA with oooonut water were 

almost s im ila r , whereas NAA and GA w ith  banana pulp had 

very poor growth* The re su lts  in d ica te  that in  Vend a 

seed culture coconut water i s  more e f fe c t iv e  than banana 

pulp in  the growth o f  seedlings* The resu lts  agree' 

w ith  the fin d in gs  o f  A rd it t i  (1907)# Hosa ot (1977)•

5*6 Tissue culture

5.6.1 Cvmbidium meristem culture

Cvmbldium meristem responds very  w e ll to  VHJ 

medium(l iq u id ) . The other media t r ie d  (K£,H3V BH aid 

Mffiffl) did not g ive  ve ry  good resu lts . ICaximum fresh  weight 

o f 85 mg- was obtained in  VII medium fo llow ed  by 67 mg 

in  MS, BH end KC did n o t g iv e  any resu lts  end meristem 

remain-lwi iiiout change and u ltim ate ly  turned brown and 

died*

IAA^aLone had no e f fe c t .  However in  combination 

w ith HAA fresh  weight was increased. H igher concentration

Vend a coorulea



of HAA and 2, 4 - 2  (5 ppm) were in h ib ito ry  aid in h ib ited  the 

synthesis o f ch lorophyll, s im ilar resu lts o f  h igher concen­

tra t io n  o f NAA and 2,4 -2  were also repeated e a r l ie r  by Scully 

(196?)* Further 2,4-2 i s  lea s t su itab le  than HAA as an auxin 

f o r  in  v it r o  propagation o f  Cvmbidium as i t  d isturbs the chloro­

p h y ll synthesis and also Induces abnormalities, th is  was a lso 

observed e a r l ie r  by Ueda end Torikata (1968)*

5*6.8 Nodal culture 

Dendroblum n ie ra rd li

Experiments conducted to  standardise a su itab le medium 

fo r  Bendrobium n ie ra rd ii nodal cuttings had shoim. that the 

Vaoin and Went medium took the shortest time f o r  In it ia t io n  o f  

growth. No growth in it ia t io n  was observed on Burgeff N^F 

medium. Knuds on 0 and HS medium took almost the same time f o r  

in i t ia t io n  o f  grorth* Knudson C medium produced ca llu s  from 

2 nodal sections. None o f  the other media could produce callus* 

However maximum number o f  plant le t s  were produoed in  Vadn and 

\Zent medium* Number o f m ultip le shoots were also maxi mum on 

Vacin and Hent medium* Other growth ch aracteris tics  such 

as plant h eigh t, number o f  leaves and mean number o f  roo ts  

were maximum on Vaoin end \Tent medium* The resu lts  indicated 

that Knudson C medium i s  best su ited f o r  ca llus form ation 

from la t e r a l  buds and Vacin and Ueat medium fo r  p la n tle t  fo r ­

mation* S u ita b ility  o f  media fo r  ca llu s f  o ma at ion , d± ££ era- 

t ia t io n  and growth has been reported by many in ves tiga to rs  on
I

d iffe re n t  speoies o f Dendroblum Knudson G medium (Valm ^or, 

1974), Mar3ton medium (Harston, 1966), Vacin and Hent medium
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fo r  Dondroblnm B a li Dendroblum Claracoones. Dendrobitua n ob ile . 

(Sagawa Velraayor, 1966 and Volmayor Sagawa (1967)* Vaoin 

and Rent medium fo r  Dendrohiug "Jaguolyn Thomas" (Is ro l, l9 6 3 , 

Singh and Sagawa, 1972), Knudson 33 i medium f o r  Pondrobium 

"May nsal^1 D. "Bompadour" (Vajrabhaya and Vajrablioy^ 1974) •

The oaLlus formed on the b'asIS medium were again 

subcultured in to  Knudson 0 liq u id  medium fo r  p ro life ra t io n  

o f tissu e . The o f fe o t  o f  tissu e p ro life ra t io n  on l iq u id  

mediahas been w e ll  established (S tre e t, 1969 and Cheng, 1978)• 

Callus production i s  fu rth er enhanced on Shaking the media 

in  a shaker (H e lle r , 1955 end U hite, 1963). The basic  media 

was supplemented w ith 0.1 ppm 2,4-2 and 15 por cent coconut 

water and i t s  combinations* The ca llus tissu e fu rther pro­

l i fe r a te d  with in  a perihd o f  60 days. I t  has been rw ortod
Cnt

that 2,4-2 at very law converation induces abnormal growth 

o f  tissue (Ponnesbech,l972). However, i t  i s  reported that 

in  some other species 2,4-2 at Ibwer 3evels promoted shoot 

development (Ueda and Torikata ,1969 and Ich lhoah i and Kako f 

1973). Coconut water stim ulate growth In  many epiphytic 

and te r r e s t r ia l  orchids (Mao In ty re , 1970, Rosa 1977)*
i*

The callus bodies were again sub-cultured on so lid  

Knudson 0 medium along w ith IAA (Ippm) BA(lppm) coconut 

water 15 per cent and i t s  combination. However, coconut 

water treatment alone had d iffe ren t ia te d  more number o f 

p la n tle ts  w ith in  a short period . Number o f  leaves and roots 

produced and p lant height were also more w ith coconut water 

treatment. The resu lts  o f treatment combination with a l l
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•the 3 add itives had aLmost id e n t ic a l resu lts  w ith HAA (1 ppm), 

treatment. The e f fe c t  of HAA on p lant growth has been repor­

ted ±u Cattleya (Boesman, 1945, Idndemann, 1967* Ueda and 

Torihata, 1960, Hateui ot 1970, Fonnesbech,l972. Ich iha- 

sh i and Kako, 1975, Bapat and Harayansswsmi, 1977 and Kusu- 

moto, 1979*

5*6.3 Enidendrum radio ana

V h ile  comparing the eeleoted f i v e  media fo r  callus 

development and p i ant l e t  form ation, i t  was observed that 

Knudson C s o lid  mediuni7as found to  induce more number o f  

caLlus bodies and p lm t le ts .1 Vacin and Heat mediumwas also 

found sa t is fa c to ry  in  p i  ant lo t  formation but on ly  one o a l l i i  

was produced. S u ita b ility  o f  media fo r  Euidondrumi tissue 

culture has been studied in  d e ta il and various media are 

recommended. Ifura^hige-Skoog and Knud son C medla( C hurch ill, 

et _ai. 1970), Vanin and Uent medium (Sagawa sad Valmayor,

1966 and Valmayor and Sagawa,l967), H e lle r  and Knudson 0. 

medium (Church ill e t  e l . 1971 and 1973)* Ojima and Fu jivara 

medium (Church ill e t p i, 1972). However, the present 

resu lts  also ind icated  Knudson 0 medium as the most su itab le 

fo r  ca llus form ation.

Further p ro life ra t io n  o f  the callus was made by 

subculturing the tissue in to  so lid  Knudson C medium with 

2,4-2 (0o1 ppm) and coconut water (15 per cent) alone and 

In  combinations. The ca llu s  p ro life ra t io n  was sa tis factory
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on tre a t  can't; w ith coconut v o te r  alone* 2,4-D also induced 

oalius formation but to  a le s s e r  degrde• Although 2 ,4-D 

induo e abnormal growth. (Formes be oh, 1972) no such resu lts  

could be obtained with Epldendrum ra d ica ls * However, the 

reporta o f Ohennaveerairih and P a t i l  (1975) on Spathoglottis 

o l io  at a and Hosa e i* (l9 7 7 ) on Oyiabldlum were found to 

substantiate the re su lts  obtained in  th is  study Tilth 

coconut water*

fhe ca llus bodies were suboultured in to  the same 

freSh media with IAA Oppm) BA (1ppm) aid coconut water 

(15 per cent) in d iv id u a lly  and in  combination f o r  d i f fe r e n t !*  

a tion  o f  shoot and root* treatment with a combination o f  

HAA (1 ppm) aid coconut vat o r, took minimum tim e fo r  shoot 

In it ia t io n  and produced heaLthy dark green p lan tle ts * 

fr o  at me nt with coconut water alone oLeo in it ia t e d  shoots 

in  a short time end produced healthy p lan ts . However, HAA 

alone took more tim e fo r  shoot In it ia t io n *  fh is  ind ioatos 

that coconut water accelerated the growth when used w ith 

growth substances. She increased e f f e c t  o f  the treatment 

may be possib ly due to  the e ffe c t  o f coconut vat o r • fhe 

stimulatory e f f e c t  o f coconut water on protocorm d i f f e r ­

en tia tion  and grea ter production o f  ch lorophyll in  the plants 

were already reported by Po lla rd  (1961) and Tanstaden and 

Dreves (1975)* The resu lts  o f  the present study a lso  fu l ly  

agroef w ith  th e ir  find ing*



Single node cuttings o f  Vanda teres  were cultured on 

d iffe ren t media- Only three media (Vacin and Kent, Burgeff 

N^F and M odified Vacin and Kent) could in i t ia t e  growth o f 

explan tc, Knudson 0 and Huraahige-Skoog media did not pro­

duo o any symptoms o f growth* Maximum growth was observed 

with Vacin and Kent medium followed by M odified Vacin and 

Kent medium*

She development o f  explants and subsequent growth 

was very fa s t  onVacin and Kent medium. But the development 

o f  esplante were very slow on Modified Vacin and Went and 

Burgeff MjF madia- However the subsequent growth on Modified 

Vacin and Kent medium was l i t t l e  fa s te r  than in  other media.

Ho plants produced roots except on Burgeff medium which 

produced few roo ts . The growth promoting e f f e c t  o f  d iffe ren t 

media with Vanda species have been reported early* The Vaoin 

and Kent medium has been reported su itable fo r  Vanda. ( Eao 

and Avadhani, 1963, 1964? Rap, 1963, 1964; Sagawa and Velmayor, 

1966; Sagawa and Sehgal, 1967; Goh, 1971; Kunisalri. e^

1972; and Valmtyor, 1974). Kh ites medium has been reported by 

Goh (1970) •'
r

The la t e r a l  buds o f  the e^plants bulged s l ig h t ly  

showing a symptom o f bud in i t ia t io n ,  la t e r  they foaaed in to  

$ semi spherical bodies# Kunisafci ej; (1972) reported the 

formation o f such semi spherica l bodies InVanda gJ3 11 Mies 

Jaoquim"- These bodies were excised aid sub-culturecTliquld 

Vaoin and Kent medium fo r  fu rth er p ro life ra t io n . Treatment
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•with HM Oppm) alone produced ca llus bodies.

The oaLlus bodies sub-cultured on so lid  media w ith  

UM 1 ppm and coconut water formed in to  p ls n t le ts . ©10 

resu lts  o f the experiment are in  f u l l  agreement w ith the 

reports o f  Kumisald. et (1972)'»

5.7 Root cu lture studies

The meristomatic region  o f  the a e r ia l roo ts  o f 1 1 

Dendrobium were cultured on d iffe re n t  media* AH madia 

in it ia te d  growth o f  the roots but lim ited  to  root extension 

on ly . Ho explant produced ca llu s. The roo ts  extended to  

varying degrees. The find ings agree with the report o f  

Churohill, B a ll and A rd it t i  (1972). They reported in  

Eoidendruin root cu lture, a l l  they produced was roots , 

a lb e it  longer roots. Stewart and Button (1978) aLeo repor­

ted  that the media supported ro o t t ip  growth fo r  a lim ited  

time. However he oould get very small ca llu s  in  some roots 

o f Epidendrum. The resu lts  o f  the present study did not 

show any sign o f  ca llu s  development. The roots only extended 

and la t e r  they dried .

5*8 Histoohemioal studies

5.8.1 Seed germination^

The structure o f  orohid seed has already been 

described in  d e ta il (A rd itt i,1 9 6 7 ). The seeds o f B l e t i l l a  

h.vaclnth in  a contains r e la t iv e ly  d iffe ren tia ted  embryo 

w ith a rudimentary cotyledon. In  addition  to th is  the seed 

does not contain even a trace o f  endosperm tissu e. The
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spherica l or oval shaped embryo has got a suspensor protru­

ding at i t s  one end* The remaining part o f the embryo i s  

made up o f  c e l ls  almost s im ila r  in  th e ir  structure aid h is -  

tochemic a l contents such as insoluble l ip id s  and proteins* 

Thus the seed does not soem to  show my p o la r ity  so fo r  aB 

the d is tr ibu tion  o f l ip id s  are concerned* The embryo o f 

B*hvacinthina i s  fr e e  from starch deposition which i s  in  

conformity with the composition o f  the embryo o f  O attleva 

(Harrison* 1971/)*

The seeds sown in  the nutrient medium are ready 

fo r  gem ination* The c e l ls  o f  the embryo adjacent to

nutrient medium imbibe and absorb water and some nutrients
*

from the medium* Such an absorption re su lts  in  the sw elling 

o f  the embryo* The membranous seed coat i s  ruptured and 

the embryo protrudes out* The subsequent increase in  the 

s ize  o f  the embryo i s  accompanied by ihe enlargement o f  

i t s  c e lls *  The intake o f  t  c carbohydrates in  the form of 

sugars from the medium seems to hasten the degradation o f  

l ip id s  through B -oridation  end to  fona staroh* This 

observation is  in  cqnfonaity with the happenings in  the 

germinating seeds o f  O attleva (H arrison„l977 )•

The enlargement o f the embryo i s  fo llow ed  by the 

formation o f some absorptive hairs o r rh lzo id s at i t s  basal 

end* Such an embryo with absorptive hairs and stored food 

m aterial in  i t s  prenchyonatous c e l ls  can be ca lled  protorm
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life* body (£&£)• She nutrients i&eorbed by the rhicoifle mem 

to owe in  the basrl pert o t -Sit &$B by a d ep l* diffusion 

phenomenon m  there i «  no ovidonco o f  the formation o f vcacule® 

or proven culssr strmde in  that rollon* She PkB enlarge# 

fu r ie s  by ea inorecse in  the sire md nuafcer o f it s  oe lle  

md hecotHce a top ehoped body*

The cells  at. the bsad end o f PSD «c# large uhile 

those at i t *  ape* ore vary small* A desfeaaiofi groftleoce 

is  exhibited la  the P£B froa base to apex da the sise o f cA ls* 

oice o f nuclei cad in  the aloe oad quantity o f the stored 

etazch groin** On the © ntrary m& increasing obedience is  

observed in the £8A end protein oontcnte fron base to mex 

in the P3$* She enlarged ce lls  no or the basal end o f H& 

appear to be concerned uith the active stafch eccuauletlon 

md aubeeQueat degradation into oisplor carbohydrate a to  be 

tcmeported to  the ahoot cpcx, vhich i s  e region o f active 

©south md differentiation*

She increased £:u content in 1h» enlarged nuclei 

o f the baeel ce lls  pexho&s fac ilita tes  in  governing their 

spsdtfio role in  supplying the nuts? to te *  2ho presents ajf 

ri<fc cytoplasalo EIIA along t&th ifae shomco o f atomic 

oerbobydratee in  the m all aiced apical co lls  perhaps indicates 

then? nerioteestiO nature* la  support o f thin* their pro* 

poctionately ssa ll eiaed diploid nuclei are densely stained 

uith fsulgea reagent fo r  their MA content* She narnsu group 

of cello in  the upper Riddle part o f the gomlnsfclng seed.



connecting the ap ica l meristematic zone with the basal storage 

region  perhaps aid in  translocation  o f  nutrients from the 

la t t e r  to  the former. Hence these group o f c e l ls  lack ing 

xylera end pholem d if fe re n t ia t io n  can ap tly  be ca lled  as 

pro vascular strands. However the presence o f  rich  cytoplasmic 

RITA and proteins in  these c e lls  suggests a high ra te  o f 

metabolism.

Thus the provascular strands seems to  be not merely 

a passive structure o f  translocation  but i t s  c e l ls  are 

also m otabolically  a c tive . Tho increased a c t iv it y  o f th is  

group o f  c e l ls  may be perhaps concenred with the prevention 

o f  re ve rs ib le  reactions and/or w ith  the transformation o f  

some raw m etabblites in to  other forns m  needed by the 

meristematio c e l ls  o f  the Shoot apes.

The greening phase o f  EBB i s  marked by the d i f f e r ­

en tia tion  o f Shloroplasts in  i t s  c e l ls  exposed to l ig h t .

In  tho meanwhile the stomata w ith  w e ll formed guard c e l ls  

d if fe r e n t ia te  in  the epidermis o f  that region. The 

chloroplasto take part in  photosynthesis,stomata aid in  

exchange o f  gases and the rh iso ids absorb water and nutri­

ents thereby the PJiB Shows the signs o f  in it ia t io n  o f  

autotropism. U ith  th is  cru c ia l'even t fu rther structural 

d if fe re n t ia t io n  seems to  get hastened.

The le a f  primordia, which or iso  la t e r a l ly  near 

the primodium o f the shoot apex, have horse Shoe Shaped 

structures made up o f small c e l lo  r ich  in  ENA and protein*'

1 5 5



The storage polyaachharides are completely absent in  these 

c e l ls ,  Tho d iffe re n t ia t io n  o f  le a f  tissu es i s  gradual and 

acropetal. 1‘Sith the d if fe re n t ia t io n  o f  the le a f ,  i t s  c e l ls  

enlarge and the cytoplasm!o RITA and p rotein  contents diminish* 

In  the meanwhile the chloroplaats appear in  the mesophyll c e l ls  

and stomata d if fe r e n t ia te  in  the epidermis o f le a f*

M th  the d iffe re n t ia t io n  o f  leaves , the p la n tlo t  beoomes 

photo syn th etica lly  more a c tive , Tho surplus photo qynth atea 

flow  bock to  the le a f  base,then move to  the base o f  the shoot 

and get converted to  storage starch. The c e l ls  at the base 

o f  the shoot m u ltip ly  and enlarge to  form a bulbous structure 

known as pseudobulb. At the time o f  in i t ia t io n  o f the 

pseudobulb a l l  the c e l ls  are s im ila r both in  structure and 

chemical contents. Subsequently ,with the enlargement o f  the 

bulb some o f th e parenchymatous c e l ls  also enlarge enormously, 

^foile th e ir  surrounding c e l ls  remain as such w ith l l t t l o  

structural a lte ra tion s . Thus the v e i l  d iffe ren tia te d  pseu­

dobulb has got two kinds o f parenchymatous c e l ls  which d i f f e r  

from each other both in  structure and chemical contents. The 

la rg e  c e l ls  are isodiam etric and they contain la rg e  nuclei 

rich  in  DNA, h igher concentration o f  BN A, proteins and starch 

gra ins at various stages ot  degradation. The small c e l ls  

eppear narrow in  longitudinal section  and they contain small 

s ized  nucle i, la v  concentration o f  cytoplasmic ENA and protein  

and rich  accumulation o f  storage starch. A ll  these show 

that the la rg e  c e l ls  are m etabo lica lly  more active  than the 

sm all c e l ls .  The la rg e  c e l ls  perhaps play an important r o le

lb'G
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in  supplying the nutrients to  the shoots and roo ts , which 

d iffe re n t ia te  near the base o f tho pseudobulb. Hence these 

c o lls  are comparable to  the la rg e  basal c e l ls  of PUB o f yandg, 

in  th e ir  structure, chemical composition and function  to  a 

certa in  extent (A lvarez and Sagawa, 1955)* Subsequently the 

la rg e  c e l ls  completely loose th e ir  c e l l  contents and they 

may become a ir or water storing structures*

The vascular strands which get d iffe ren tia te d  in  the 

meanwhile connect the base o f  leaves  to  the base o f  pseudobulb* 

She w e ll d iffe re n t ia te d  ^ lem  and plxolom o f  these strands 

seem to  fa c i l i t a t e  the movement o f  m etabolites in  th is  storage 

organ*

Uhen an optimum le v e l  o f concentration o f storage 

substazce i s  achieved some o f  the c e lls  at ths base o f  pseu­

dobulb probably d if fe re n t ia te  in to  la t e r a l  shoot primordia* 

Ihese msy develop in to  p o s it iv e ly  phototropic v ege ta tiv e  o r 

reproductive Ehoots. In  the meanwhile at a s l ig h t ly  lower 

le v e l  some o f the c e l ls  at the base o f  the pseudo bulb 

d if fe r e n t ia te  in to  ro o t primordia which fu rther develop in to 

p o s it iv e ly  geotropic adventitious roots* She p la n tle t  w ith  

i t s  true roo ts  capable o f absorbing water end minerals and 

w ith i t s  photo synthesising Shoot system has become completely 

onto troph ic o Even a fte r  th is  the PLB remains attached to 

the base o f the pseudobulb fo r  some more time acting as a 

v e s t ig e a l structure which degenerates in  due oourse. Ihe 

developmental stages during the germination o f  B l e t l l l a
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hyacinthina seeds is  represented diagramat i  ca lly (F ig .13 )*  

Carbohydrate mobilization pat tern

The carbohydrates absorbed from the media through 

the ihizoida diffuse to the basal c e lls  of the PIB from which 

they flow  into other ce lls . The absorbed oarbohydrates 

probably get converted to storage starch and la te r  the 

stored starch grains degrade into specific type o f sugars 

which. move to the t ip  of PDGB to help the d ifferen tia tion  

o f shoot apex* Ihe mobilisation of sugars in  the PUB is  

through diffusion from c e l l  to c e l l  in  i t s  basal part,while 

i t  is  through provaacular strands in  i t s  upper part. A ll 

these indicates that the mobilization of carbohydrates is  

acropetal in  the PAD.

In the nutotrophic plantlet the leaves are photo- 

synthetically active. A fter u tiliza tiono f some o f the 

photosynthatee fo r  i t s  own d ifferen tiation , the le a f aLlows 

the excess to flow in to the base of the pseudobulbs. The 

photosynthates further diffuse from the basal ce llo  to their 

contiguous cells,t!here thoy get converted into starch end 

accumulate. Uhile the photosynthates more downward in  the 

vascular straxde, some sugars diffuse into the neighbouring 

c e lls  o f the vascular strands and accumulate as starch grains, 

la ter, a fter attaining an optimum leve l o f storage the starch

near the base of the pseudo bulb gets degraded into spc^IffiLow 1 * *
TclnfliT o;§ #ug îf3 which flow .into d ifferen tia ting and growing 

la tera l shoots and roots. !Ehe mobilization pattern of
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possibly due to the presence of partially differentiated 

eabiyo (Burgeff, 1956; Her ley, 1951)- She number of days 

for coed gemination and leaf production are ropreainted 
graphically. Although BletiUa. hygorinthina is  a ground 

orchid i t  responded well to a medium with low salt con­

centration. The plm t height, root number, greon dry wed^it 

wars recorded maximum in this medium. B le tilla  seedlings 

grow at alow salt conc«mtratioh.(lig.4).

5-2.2 ihaius Wallchif

Seed germination we® very slow i r  a l l  the nodi a.

Ho gemiasbion wco noticed in Burgeff B~F media. However 

Vacin aid Uent media proved superior over others. A rapid 

seed germination and growth we® observed on Vacin and Went 

mediumalthough the mediamcontains only major elements. (F ig .5 ).

5-2.3 Buidendruia radicana

A ll the fiv e  nutrient media responded well in 

germination end further growth of seedlings. However, 

quick gemination and growth was observed on Vacin end iloat 

medium. Ipjdendrum is  an epiphytic orchid, which requires 

low salt concentration in tho medium. Knudson C algo 

induced qsich germination. The results egree with 1he 

report of Ssgawa and Veimcyor, 1966 sad V aim ay or and Segava, 
1967.(F ig.6).



/

FIG-W-N U TR IEN T MOBILIZATION PATTERN IN A
DEVELOPING ORCHID SEEDLING (Diagramatic)
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carbohydrate Is  represented d iagram atica lly (P ig .14)*

5.8 .2 Tissue cu lture

In  the f i r s t  phase o f  caLlus formation uniform ly sized 

periph era l oellB  are fonned to contain r ic h  cytoplasmic ENA 

end proteins, while the starch grains are few in  number. These 

c e l ls  appear to  bo m etabollop lly  more a ctive  than the in te r io r  

c e l ls  o f the ca llu s which are enlarged to  various degrees 

and contain le s s  o f  ERA and proteins but a rich  accumulation 

o f storage starch. In  the second phase where the shoot epex 

d iffe re n t ia te s  from the periphera l c e l ls ,  the meristematic 

zone is  made up o f small sized c e l ls  r ic h  in  BETA and proteins, 

while starch i s  completely absent from them. Perhaps the 

prescustfors o f  ERA, p rote in s and the soluble sugars needed 

fo r  shoot d if fe re n t ia t io n  d iffu se  from the neighbouring 

peripheral c o l ls  and also the enlarged in te r io r  c e l ls .  Thus 

the peripheral c e l ls  together w ith the enlarged in te r io r  

c e l ls  perhaps p lay the ro le  o f  nutrient reservo irs  to the 

d if fe re n t ia t in g  shoot apex.

, Rear the lower part o f  the shoot gpex the le a f

primordia ge t d iffe re n t ia te d , which develop in to  leaves 

subsequently. At th iB  stage the p lo n t le t  takes part in  

photosynthesis and i t  has become autotrophio. In  the 

meanwhile from the beso o f the shoot,the adventitious roo ts  

d iffe re n t ia te , vhioh grew as p o s it iv e ly  geotrop io structures. 

To fa c i l i t a t e  the movement o f  water, m inerals and metabolites 

the vascular strands also d if fe r e n t ia te  in  the roots , leaves 

and shoot regions o f  th e p lant. The ca llu s  d if fe re n t ia t io n
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in  orch id ( Dendroblum n ie ra rd ii ) i s  represented diagram ati- 

caXLyCFl^.lS).

5*9 Chromosome in s ta b i l i t y  in  tissu e cu lture

In  the present study c o l l  abnorm alities w ith  la rg e  

soaLe chromosome va ria tion s  in  cu ltured c e l ls  were n o ticed , 

The c e l l s  which conta in  more than d ip lo id  number o f  chro­

mosomes, c e l l  fu sion  or Chromosome doubling fo llow ed  by 

e lim ina tion  i s  the probable cause.

I t  is  w e l l  known fa c t  that c e l lu la r  and n uclser 

budding are brought about by the presence by the surrounding 

c e l ls  which i s  a t i t s  optimum in  ca llu s  c e l ls ,  c y to lo g ic a l 

and anatomical observations also suggest^ tha t stress may be 

an important fa c to r  in  abnormal o e l l  behaviour (Yooman and 

Brown, 1971) fu rth er h igher concnetration o f auxins, hormones 

and other adjuncts in  nutriont media also help in  the fo r ­

mation o f p o lyp lo id  c e l l s  by arresting  tho sp ind le function . 

Demoise and Dart anon (1969) on th e ir  study o f  Paeonla have 

g iven  the poss ib le  explanation o f myxploid c e l ls  in  tissu e 

cu ltu re on tho assumption that the environmental cond ition  

o f in  v i t r o  cu ltures encourages a process o f  Sndoreduplica­

t io n  among th e d ip lo id  c e l ls ,  stim u lating a portion  o f  i t  

to become te trq p lo id , however i f  th e  teirrap loid  c e l ls  do 

not have the capacity o f continued c e l l  d iv is io n  and stopped 

d iv id in g , the d ip lo id s  took over in  fo llo w in g  cu ltu ros. This 

exp la ins the h igher percentage o f  normal c e l l s  in  tho pre­

sent case when c e l l s  from d if fe r e n t ia te d  ca L H i were 

analysed.
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Investigations were made -to standardise the most 

su itab le media fo r  seed and tissue culture o f orchids*

Studies were also made to  know the ind ividual end combined 

e f fe c t  o f growth substances end other additives in  promoting 

the growth of plants. Cy to lo g ic a l  and histochemioal inve­

stiga tions were also made to  know the oyfcological varia tions 

in  the c e lls  o f callus tissues and to know the hisfcochemical 

changes associated with orchid seed development. The 

resu lts  are summarised in  th is  chapter.

6.1 Seed culture studies

6.1.1 Standardization o f  madia

I ’ive  d iffe ren t media (Knudson 0, Murashlge-Skoog 

Vac in and Uent, Bu igeff and modified Vacln sad Kent) 

were compared fo r  the germination and growth o f seeds of 

s ix  d iffe ren t orchid epeoies. Vac in  and Uent medium was 

superior in  respect o f  germination, growth and development 

of B le t i l la  hyacinthina. Hi plus w aJ lich ii and Bpidendrum 

rad ica ls .

B le t i l la  hyacinthina seeds had b etter germination 

(83 per cent) due to the presence o f  partitSLly d iffe ren tia ted , 

embryo, -gfraius w a llic h ii took more number o f  days fo r  ger­

mination md the percentage was poor and the rate o f  growth 

was slow compared to  the growth o f  other
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species on Vaoin and Went medium. She gem ination and 

seedling growth o f Epidendrum radioans was better on Vacin 

end Went medium.
i

Hurashige-Skoog medium was found superior fo r  

culture o f Snpfhoglottis n i l  oat a and Vanda coerulea • She 

germination o f Snathe g lo t t is  o lio  at a Was b e tter  on MS medium. 

She plant grovth was also exce llen t. Seedlings were t a l l ,  

dark green and ih lck with a w e ll developed root system. 

Although the gem ination percentage was low in  Vanda 

eoerulea. the seedlings were healthy with dazfc green fo lia g e  

and thick and long aeria l roots. She increased growth rate 

in  these species may be due to the e f fe c t  o f  higher amount 

of macro and micro nutrients present in  the medium compared 

to other media.

She Burgeff H^P medium proved superior fo r  

Dendroblum a only. She growth and development was quite 

sa tis factory in  th is medium.

6.1.2 E ffec t o f  growth substances and other additives 

B le t j l la  kYfiCinthiqfl

Individual treatments with IAA at 1 ppm le v e l 

proved superior to a l l  the other treatments. Other treatments 

with IAA 3 ppm aid CrA 0.3 ppm also exhibited growth stimu­

la t ion , but to a lesser  ̂ extent. A ll  the other treatments 

tr ied  were e ith er in fe r io r  or on par with the control.



Banana pulp end coconut water at 15 per cent had b e tto r  growth 

promoting e f fe c t .  A combination o f treatment w ith IAA-1 ppm* 

IJAA-lppm* GA* 0.3 ppm, banana pulp and coconut water 15 per 

cent v/v resu lted  in  ex ce llen t growth o f  seed lings.

Bhaiua W R llich ii

Only auxins exerted growth promoting e ffe c ts .  In d i­

vidual treatment o f  IBA at 5 ppm sad IAA at 5 ppm resu lted  

maximum ^ 1001 and roo t growth. Coconut water at 15  P«£ cent 

did not produce any promising resu lts . Bmena pulp (15 por 

cent) resu lted  in  b e tte r  p lan t growth and green and dry 

weight. No germination was obtained w ith 2*4-D* GA and Ba 

at a l l  concentrations. Treatment with IAA and IBA 5 ppm and 

banana pulp 15  per cent resu lted  in  b e tte r  shoot* le a f  and 

root development. The green md dry weight were also h igher.

SpathQKlotti s io  at a

Ind iv idua l treatments with NAA Oppm), IAA (Ippra) 

and IBA (5 ppm) were found promising in  increasing the groirth 

o f  seed ling . 2,4-D at a l l  concentrations induced heavy 

oalluss ing. Oilier treatments were not su jo r io r  over con tro l. 

Treatment uith banana pulp produced b e t te r  growth. But the 

resu lts  with coconut water were not encouraging. However* 

the production o f  ro o t and green and dry weight were sa tis ­

fa c to ry . A combination o f  treatments with a l l  the f i v e  addi­

t iv e s  £NAA 1 ppm, IAA 1 ppm, IBA. 5 ppm, banana end coconut



164

BgaMMaw

She resu lts obtained with, d ifferen t additives were not 

encouraging, compared to  the control. However, treatment 

w ith IAA (1 ppm), GA (1ppm), banana pulp (15 per cent) and 

coconuts water (15 per cent) were superior to  other treatments. 

Sreatment w ith banana pulp and GA 1 ppm had induced better 

shoot end root growth md green and dry if e ight. A combination 

o f treatments with IAA 1 ppm, GA 1 ppm and banana pulp 15 per 

cent resulted in  s ign ific an tly  high ra te  o f growth and dry 

matter content.

Epidendrum redioans

votes 15 per cant gave very promising results in  respect o f

growth and development o f seedlings.

Individual treatments with NAA at 1 ppm and IBA 

3 ppm produced better growth, and development, comp ace d to  other 

treatments. Individual treatment o f banana pulp 15 per cent 

end coconut water 15 per cent proved s lig h t ly  in fe r io r  to 

treatment with auxins. 2 ,4-D at lower concentration induced 

plant growth. NAA at higher le v e ls  (5 ppm) produced heavy 

■mount of oallus end at lower le ve ls  healthy seedlings with 

stout and th ick roots. A combination o f treatments w ith NAA 

1 ppm, IBA 3 ppm aid coconut water 15 per cent favoured the 

development o f very healthy seedlings with thick long roots 

and more green and dry weight.
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Bettes gncmth. tJafl obtained when HAA (1 ppm) and GA 

(1 .0  ppm) was used In d iv id u a lly . The resu lts with the use 

o f banana pulp at 15 percent and oooonut w ater at 15  p^r 

cent were not encouraging and were proved in fe r io r  to  trea t­

ment d w ith  growth substances. However, they brought about 

s ligh t increase in  growth ra te  compared to  con tro l. Out 

o f  the several combination of treatments, treatment with 

GA 1 ppm, HAA 1 ppm and coconut water 15 per osnt resulted 

in  maximum growth, including green and dry weight. A 

combination of a l l  the four additives (HAA 1 ppm , GA 1 ppm  ̂

oooonut water 15 per cent aid banana pulp 15 per cent c l bo 

caused b etter growth, but to a le s s e r  degree.

6.2. Tissue culture studies

6.2.1 Cvmbidiuma meristem culture

P ive d iffe re n t  liq u id  media (Enudson 0, Hurashige- 

Skoog, Vaoin and \Ient, Burgeff H^F and Modified Vaoin and 

Went) were tested  fo r  callus formation. Merdstems cultured 

on Vacin and Went medium produced highest amount o f  ca llus 

(65 mg) fo llow ed by Huraflhige-SIcoog medium (67 'mg) • Treat­

ment with IAA aLone had no e f fe c t ,  but a combination o f  

HAA and IAA at 1 ppm Increased fresh weight. Higher con­

centration of HAA ( 5 end 5 ppm) end 2,4-D(5 ppm) were found 

in h ib ito ry .

Vanda coerulea
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Iho la t e r a l  "buda along with a p o rtlon o f the stem from 

Dendroblum P ie r a rd il  were cultured on d if fe r e n t  n u trien t media. 

Out o f the f i v e  d i f f e r e n t  media te s ted , Knudson 0 in it ia t e d  

more number o f  ca llu s  bod ies, whereas no ca llu s  was in i t ia t e d  

on Vacin  and Went medium. Instead they produced maximum 

number o f  p la n tle ts . B Ob cu ltu ring the o a -llu s  on Knudson

0 medium w ith  ooconut water (15 per cen t) d if fe r e n t ia te d  

maximum number o f  p la n tle ts  w ith  more number o f  leavos and roo ts . 

Ihe time taken fo r  development o f  t issu e was also alow,

Ihe nodal cu ttings o f  Epidendrum radioens were also 

cu ltured on f i v e  d if fe r e n t  media? out o f  which Knudson C medium 

proved superior to a l l  others in  prom  ding h ighest number o f  

oaLlus bodies end p la n tle ts . (The ca llu s  bodies were sub­

cultured in to  the seme medium tilth  auxins(IAA 1 ppm) aid 

cytoh in in  (BA 1 ppm) aLong tilth  coconut water (15 per c en t).

V e iy  promising re su lts  were obtained whth NAA (1 ppm) was 

used along w ith cooonut water 15 per cent. H a a t  height le a f  

end roo t number were also increased by -the above tre&tm ait.

She nodal section  o f  Vanda te re s  wore cu ltured 

on f i v e  d i f fe r e n t  media. No media produced ca llu s  bodies.

But a small sem ispherlcal body was formed at each node. Shese 

bodies formed in to  ca llu s  when sub-cultured on l iq u id  medium.

She oa liu s  bodies p ro life ra te d  more and la t e r  again sub- 

cu lt urod in to  a s o lid  medium w ith  the add ition  o f auxins (NAA

1 ppm) taid oytok in in  (BA 1 ppm) • Hore number o f  p la n tle ts  

were formed due to  a combination o f 1 treatments with NAA 1 ppm
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and coconut water 15 per cent* Ireataont w±1h coconut water 

and NAA alone resu lted only ca llus growth.

6.2.2. Hoot culture

Dondxoblum mosohatum aeria l roo t t ip s  cultured on 

d iffe re n t  madia d id  not produce any ca llus bodies. But the 

roots fu rther extended fo r  some more time and la te r  dried.

6.3 Histochemical studies

3!he seeds of B le t i l la  hyacinthina contain considerdble 

amount o f stored lip id s  and proteins hut no starch. Ho 

d is tin c t po la rity  was exhibited in  respect o f the d istr ibu tion  ' 

o f c e l l  contents. Subsequently with the germination o f  seed, 

the sugars from the medium moving in to the embryo seeded to 

aid hastening the degradation o f lip id©  through /8-oxidation 

to  form starch. The protocora thus formed e^ iib ited  a 

decreasing gradience in  the s iz e  o f  i t s  c e lls , i t s  nuolei 

and in  the siae as w ell as quantity o f  the acuraula&ed starch 

grains from the base to apex. Ribonucleic acid and proteins 

show an increasing gradience in  the protocorm l ik e  bodies 

from i t s  base to  apex.

£ke basal enlarged c e l ls  took part in  active 

degradation o f stored etarbh and the degraded substances 

were transported to  the ©hoot apex. ©ie tranolocation  o f  

nutrients in  the protocorm lik e  bodies were by c e l l  to c e l l  

d iffu s ion  in  i t s  lower part end by a group of c endue tin g  

c e l ls ,  lacking xylem and phloem d iffe ren t ia tio n  in  i t s  upper 

part. Conducting c e l ls  were r ich  in  RHA and proteins
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Ricardo,M.J, J r. and Alvarox,M .R., 1971, U ltrestru ctu re ! 
changes associated w ith  u t i l iz a t io n  o f  m etabolite 
reserves and trichome d if fe re n t ia t io n  in  the protocorm 
o f  Vanda.Amer,J.Bot..58(3 ):229-238.

Rosa, .M.B, and 3>sneri, U ., 1977, M odification  o f nu trien t 
solu tions fo r  germination and growth in  v it r o  o f  some 
cu ltiva ted  orchids and fo r  the v ege ta tiv e  propagation 
o f O.vmbidlum cu ltlva ro . A rer.Qrch.Soc.B u ll. . 4£C9) :813-820.

Roy, S.0.|1980| Chromosomal va ria tion s  in  the ca llus tissues 
o f Allium'' tuberosum and A .cena Protoplasms. 1jg[2il7 l-7 6 .

*  Rucker,W., 1974, The in fluence o f  cytokin in on growth and 
d if fe re n t ia t io n  o f Ovmbldium protocorms cu ltiva ted  
in v it r o .  P flsnzen Physio loge. 71(4):338-351.

Rudolph, M .J., B a ll,B »A , and A r d it t i ,  J. 1962, Tissue
culture o f  orchids I I I  Roes orthophenory acetic a c id  
s e le c t fo r  o r induce suthooyaoin production, Amer.
Orch.Boo.B u ll. . 4 1 (2 ): 1074- 1078.

Sagswa,Y. and Kuniseiki, J .T . ,  1969,-The poss ib le  use o f  
t issu e culture in  H orticu ltu re . Ptoc. Aub r£ Soo.H ort. 
j§dL.,12: 86-90.



182

Sagawa,Y and Sehgal,O.P., 1967, Aspeatic.stem-propagation-of 
Vanda Hiss Joaciuira. Pacific orch.Boo.Bull.. 2£: 17-18.

Sagawa, V., ShoJi,E., end Shoji,T., 1966. Clonel.propagation 
of Ovmbidiuroa through, shoot raerlstem oulture .Aroer.OrPh. 
Soo.Bull..3§i 118-122.

Sagaua,Y., Sho;Ji,E. and Sho;}i,T., 1967, Clonal propagation • 
o f Dendroblum through shoot meristem oulture* Imp r . Or ch. 
Soo.'Bull. . §£(10): 856-859.

Sagstfa’,Y ., end VaLmeyor,H.:&., 1966, Embryo culture o f orohida 
In: DECARMO.L.R.(Ed) Proc .VlhVorld Orchid Conference, 
pp. 99-101, Dong Beaoh

S a lisbu ry ,R .A ., 1804, On-tho gemination o f soods o f orchi- 
dacoae Trans.Xin.Soo..London Ja 29-32.

Sanguthal,S. md Sagaffa,?., 1973,-Induction of-polyploidy in  
Vanda by colchicine treatment. Hawaii Orch. 2:17-19.

Savina,C.I.,. 1974, fe r t iliz a t io n  o f higher plorte pp.197-204 
AE.Co.BY.

Schopfer,Vi.H.,1943, Plants and Vitemins.Chronica Botsnioa, 
Ualtham(Mass. ,pp. 250- 253.

Singh,E., 1981, Differential. staining of.orchid seeds fo r  
v ia b ility  testing.Aaer.Oroh.3oo.Bull..^O(4) :415-419.

Singh,H aid Sagatia,Y., 1972, Vegetative propagation o f 
Dendroblum by flower stallc cuttings Ha Olcika 0 Ecu a ll  
1: 19.

Skirv±n»R.H.,1978, Natural and Induced variation In  tissue 
culture. Buphvtica 2Z: 241-266.



183

3kooe,B. and K iller, 0.0.,1967, ChoaioaL regulation of grovth 
and organ f  onnation in plant tissues cultivated in vitro 
In.^Biological action of growth substances 11th Svnro. 
Soo.Ezpt.Biol..11]i 118-131.

Srae Ronulu, K., DovrGur,n.( Ancora, G aid Iianeri,lT. *1976, 
Chimejcism in Ivconersicon purvfcianum Z.pflanzensuoht.
7&i 299-519.

Stem,H. and Holla,7 •, 19 67» Chromosome behavlour during 
development o f aeiotic tissue. In: Hie control czf 
nuclear activity. £n<fl.e chiffs Hex: Jersey pp.47-76. 
Prentice Hall.

Steward,P.C. and IIeg?es,M.Q.# 1971, Morphogenesis in oseptic 
cultures of Osttbidium.Bot.Gat. . 132:65-70.

Stewart,J. and Button,J., 1976, Rapid vegetative multiplication 
of Bpidendrum O' brion.lenum in vitro and in  green 
house.Amer.Oroh;8oo.Bull. . £5(10):922-930.

Street, H.E., 1969, Grovrth in  organised end unorganised
systems-knowledge gained by eultuxe of agar and tissue 
ozplents. In:Steward.?. C.(Ed) I  Plant Physiology, A 
Treatise pp. 3-224. New YorJc*Academic Press.

Oundara-jrH., Nagara;)u,S., Veakatarsmu, M.H. md Jagannath,
M.E., 1972, Design and Analysis of fie ld  experiments 
pp. 141-167. Univ.A^zdl. Soi...Bangalore.

Sundorland,H.,l975, Huolear cvtoloav .Bot.Monograph ^(Ed)

E.Street.

* Swamy,B.G.l. 1945, EmbryologLcal studies in orchidaceao.
1. Gome to phvtes. Timor. iUdlrpd Nat.4U 184-201.

Swaaiy,B.G. 1*# 1949, Embryological studies in  the orohidaceae 
I I  Bxabryogeay Am Midland naturalist.. £j: 202-232,

\



18a

Tanaka, M., Hasegaua, A and G o i,II., 1975, Studies on the
olonaL propagation o f  monopodial o r ch i da by tissu e cu ltu re . 
1.Formation o f  PIBs from le a f  t issu e  in  Phelaenonsis and 
Vanda. J. Jaio. Soc.H ort. S c i. , 4 4 (1 )147-48,

2an aka, H. and SakaniBhi,Y.,1977, Clonal propagationof
Phalaenopsis by le a f  tissu e cu ltu re. Am e r . Orch. So c.Bul l .  

£&(8):733-737.

Tanaka,M» Senda,Y and Hasega^a,A., 197S. P ls n t le t  form ation 
by ro o t trp  cu ltu re in  Bhalsenonais. Amer.Orch. Soc.Bu i. .  
£|(11):1G22-1024.

i
Teo,C .K.H .,1978, Clonal propagation o f  Hcemarla d inoo lor 

by tissue cu lture. Amer. Or ch. So c.B u ll. ■ £7 (11 ): 1028-1030

Teo,C.K.H*fKunisakipJ*T. and Sagajra,!., 1973* Clonal pro­
pagation o f strgp -  le a fe d  Vanda by dhoot t ip  cu lture*
Am el? .Oroh. Soo .B u ll. . £2: 402-405*

Thomas,L., Z ing P .J . and Potrykus, 1979, Improvement o f  
crop p lan t v ia .  s in g le  c e l l  in  v i t r o - Z .Pflangensucht.
§2; 1-30.

Thompson,k.T., 1971, E xcision  o f  a Cvmbidium meriotem -
Photographed in  co lou r. Am or. Orch. Soc.B u ll. .  40i 530-584.

Ueda,H and Torika ta ,H ., 1968, Organogenesis in  meristem 
culture o f  Cvrabidiuma. 1 • Studies on the e f f e c t  o f  
grouth substances cdded to  cu lture media under co n ti­
nuous illu m in a tion . Jour.Jan. Soc.H ort. S c i..57:240-248.

Ueda,H and Torikato , H, 1969, Organogenesis in  meristem 
oulture o f  Oymbidium I I  E ffe c t  o f  grotrbh substances on 
organogenesis in  the dark J .Jan,Soc.H c r t.S c i. . 5g; 188-195.

*  U esato,K ., 1973, E ffe c t  o f  d if fe re n t  forms o f  n itrogen  in
culture media on the grovth  o f  young Cp ttlevs . seed lings. 
Science Bulletin o f the C ollege o f  A gricu ltu re ,U n ivers ity  
o f  Ryukyus ITo.20: 1-12,Okinawa, Japan.



FIG. &. EFFECT OF MEDIA ON GERMINATION AND LEAF 
PRODUCTION IN SPATHOGLOTTIS PL1CATA

180
.A ai iDaeee.u.e —

o H'j

FIG. 9. -EFFECT OF MEDIA ON GERMINATION AND LEAF 
PRODUCTION IN DENDROBIUM MOSCHATUM

«  VACIN £ WEMT 

X MOD. V & W 

•  MS

A  KNUDSON C 

4 BURGEFF N jF



185
Vocin ,2 .0 . end tfont,F .tf., 1949* Use o f  tomato ju ice  l a  the

asymbiotlo germination o f  Orchid seeds. Bot.G-az. .111 (2 ) : 
174-183. ' -

Va jrabhaya,!., 1977* V aria tion s in  ciLonaL propagation P. 
177-201 In . J .A rd it t i ,  (ed ) -Orchid B io logy Review end 
Perspectives,C ornell Univ.PreSB.

Vajrabhaye*H end Vajrabhaya*2., 1970. Tissue culture of
Bhynchostylis gigente&.a raonopdiel orchid Amer. Or ch.
Soc.B u ll. ■ 3gi 907-910.

*  Vajrabhaya, H. and Vajrabhaya,T., 1974* V aria tion  in
' Dondrobium a ris in g  in  meristem. In  03P1UA H.II.(Ed)

Proc. 7th £orO-d Orchid Conference..p p .251 -242.Oolumbia.

*  VaLmayor,H.Ij., 1974, Further in ves tiga tion  in to  nutrient
media. In:OSPlNA E .H .(Ed.) Proc.7th World Orchid 
Conforonce. pp. 211-229, Columbia

Volmayor, H.It. and Sagowa* 1967, Ovule cu lture in  some 
orchidB Am eg. Or ch. So c.B u ll. 36: 76^769.

Van 0verbeek-pJ* Conklln*n.E. end B leekeslee ,A .F ., 1941* 
Factors in  coconut m ilk essential, f o r  growth aid 
development-of very  young Batura embryo.Science.

24: 350-351.

Van 3taden,J and Drewes, J .3 . * 1925, Id e n t if ic a t io n  o f c e l l  
d iv is ion  inducing compounds from coconut m ilk.
Fhlod. P lan t. . 3g: 347-352,

*  Vieisseyor H md S ofs ten ,A .V .,_  1976, B iactron Hicroscopy
o f  orchid seedlings Sr/mu. Soi. Aspect. . ‘0T>*1 6-2fi Chora. / 
Dep.Univ. D etro it •

Utylte* P .R ., 1943, Ahead book o f  p lm t  tissu e  culture 
Lanoaster: Jaques Cat t e l l .



18G
n ite , P .R ., 1963, The c u lt iv a t ion  o f animei and p la i t  c o l ls  

Row York; Ronald PreBs.

W ilfre t ,G .J ., 1966, Formation o f  .protocorm .like bodies on
excised Cymbldiun shoot t in s .  Amor.Oroh. So c .B u ll. 3^: 823-27.

W illiam s, .1 .0*, 1951, The Orchidaceae o f Mexioo in  Parts o f 
Ceiba.

W illoughby,A, 0*, 1950,Orchid sad how to  grow them Oxford 
U n iversity  Prees,Nev York, 135 PP*

W ilson ,J .K ., 1915, Calcium hypochlorite as a eoed s t e r i l iz e r ,
Am e r .Jour .Bot. , 2(8) V

¥imber,U.2>., 1963, Clonal m u ltip lica tion  o f Cynbidium thourgfc 
tissue cu lture o f  the shoot moristen. Amor, Or oh. Soc.
B u ll. |2: 105-107.

*  Wi±mber,D.D., 1965, Additional observation on c lon a l multi­
p lica tio n  o f Cymbidium through culture o f  dhoot meriBtem 
Cvribidtum Boo.Kews. gg: 7-10.

*  Winbor aid Van c o lt ,  1966,'A r t i f i c ia l l y  induced polyp lo idy
in  Cymbidium. In.EB GARM0,R.(Ed) ,Proc.5th World Orchid 
Conf. pp.27- 32, long beach ,O a lifo in ia .

Uithner, C.X., 1942, ITutrition  experiments with orch id seed- 
lin gB .AJBer.0rch. Soc.B till. l l (4 ) i 112-114.

W ith n er,C .l., 1955, Germination o f  Cypri red luma Orch. J .,

2: 473- 477.

U lth n er ,C .l., 1959, Orchid physiology in  Carl.X .U ithner 
Ed. 2ho orchids e. s c ie n t i f ic  survey, Honda Press,N .Y.

W ithner,0 .1., 1974, Tho orch ids, s c ie n t i f ic  studies John 
W iley and Sons 604 P P .

VTithner, 0 .1 ., 1955, Ovule culture and growth o f  V an illa  
seed lin gs .Amer.Orch. Soc.B u ll .2^(6):380-392.



1 8 7

Testes, R.C. and Curtis, J .T *, 1949* The e f f e c t  (if sucrose 
and other fa cto rs  on the shoot-root ra t io  o f  Orchid 
see dingo. M er.Jour.3ot. .  ^|(5) i 390-396*

Yeoman, H.M., and Broim, R .f 1971* E ffe c t  o f  mechanical

cu ltures. Ann.Bot. . 35: 1102-1112.

*  Zimmer, K ., Koch, Ii* and Grafahreud-Belau, C., Studies on 
meristem propagation o f  Cynbidium sp. Untersuchungen 
Zur He r l  stem -  Vermehrung Ton Cymbidium sp. Orchldee 

_22(2 ) : 49-55(JJ3). In s t ltu  fo r  Zierplaozenbm Hannover, 
Tuest Germany.

□troos on the p lan t c e l l  d iv is io n  in  developing c e l l

*  O rig inal not seen




