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CHAPIER I
INTRODUCTION
The Orohide belong to one of the largest famillies ¢f
flowering plants (Ozchidacess) comprising of more than
30,000 specles and exhibi'b:l.ng‘ m inoredible range of diversity
in plze, ohgpe ond colour of flowers.

L

] The oldest record on orchids comes f£rom China. Howevenr,
eniclent .Groeks were the first to take note of these étrmge
Plantss Theophrastus gave the name orchids to these plan'bé
in 370=285 B.Cs Indign Vedlc scriptures also list orchids
as "Vanda" which élso include )1 the other known ep:l.phy‘;es.

- Though orchids ere found everywhore, majority of the
cultivated orchids are native to tropledl countrigs and odcour.
in their greatest diversity in humid tropicel foresis of
South end Central America, Indle, Ceylon, Burmp, Ching, Thaoilend,
Molysia and Bragil. The Indiem Dendrobium emd Cymbiddums,
Mexican Iaggl.igs and Brezellan Cg,ﬁtley_g,s have contributed a
lot in the devélopmeh‘b of present day hybrids (more then
30.0003. Indla hes about 1600 specles scatiered in Himalayas

end We;terﬁ ghatn.

The smnallest orchid Erlg pusilie 1® herdly one
centimoter while the largest Ggéolg :Eélconer_i,__ is 2.5 to 3
meters: The plants are hoving wide variatiézif; -_in grovih and

other cheracterlistica. This necessitates numerous edaptive
characterlptice. Growth heblts, nature of growth, form, colour



end shepo which ere gll the results of edsptations. Some
orohids oontein no chlorophyll, end ave sgprophytio in nature

(Epipigon gphylls snd Corslorizhg innatg).

In tho ewolutionary history, orchlds represent the
most highly evolved group among monocotyledons as proposed
by Brown (1931) end slso by Daxrwin (1‘877). Thess plants were
Dprobgbly &em-'véd fram primitive Plants wf:osa f£lowers resembled
the 1:L'I.y.

The common _mathod of propegation of o;:ohiﬁs isa by
divigion, the monopodigl oxrchids howevgz gre difficult
propegate by vegetative meens. They have single growing
tip end do not produce pseudobuli: or kelkls. DLarge seotions

with roots are also ussd fox propegation.

The orchid seed gexmination is the_ most interesting
edaptive feature. The process oé geed germingtion wasl notad
quite ecoidentslly by Bernard in 1899. He found that orchid
sgeds germinate only when they are infeoted by some fungus.
Subsequent obgervatlons shoved that tropicel epiphytic orchids
glso require infection by a fungus foxr germinstion (Mo Dougal,
1899) . Immedintely further investigations wers mede to-etudy
the ;ﬂeét of fungus on oxrchid seeds,seedlings eand mature
plants (Burgeff, 1909). A group of fungl were initially found
regponpiblo for seed_éemina'hion and they were named go \
Orcheonmyces (Burgerf; 1909)« Iater it wes found thet meny
more fungl vere msponsiblé for seed germination, vhich include



Rhizoctonis, Corticium, Amillawlg, Fomes, Ehytophihors,
Peneillium, relllug, Tg-cgodermg gnd others. Thess fungl
vere chlefly responsible for bragking down compleX starch

into simple sugears for the germinating sseds.

The work of Knudmon, (1922) showed, for the first time
that gérmina‘bion o'f orchid éeeda;_would be poesible in vitro
without the associagtlon of :Eungi:. Subsequently a number of
media were developed by memny investigators., To date atleast
25 aifferent medie are known end eve used for the oxchid seed
gemination. Modificaiion on a particular reclpe ls also
pmpqsed for a glven genus or ageciea end improvexrised by
the addition of varlous grot:rt_h adjuncts t0 the medium such
és tli.:f:ferent_micro elenents, . growih homone{s. coconut milk,

tomato julce, benang extract, fruit julces and such others.

~ Morel in 1960 first reported that 1t 1s poseible to
culture choot az{ices of orchids to get virus - free plants.
The technigue has been further improved o produce hundreds
of plants :Ero:p a single bud. Presently this technique is
belng widely egpplied to prqduge gelected clones c_>:E Cymbidlum,
Oattleyas, Dendrobium end Vende for the flower trade. The

polyplc;id forms of Cywbidium, CGattloyg end g;l,genongia ere
€lso multiplied by the meristenm culj'-ure techn:l.que.

The tissue culture techniques enables the growers
t0 mroduce large number of plan:tlets whioh gre genotyplcally
end phenotyplcelly similer to the mother pleamt.



Tho development of embryo in meny Anglosperms hes been
described morpholgvgice:l.ly'but vory little vwork has been done
on Orchids especlclly regarding tho histochemloal sspecta of
seed dovelopment. There is vexy 1ittle informetion shout the
chomicel chonges which teke place in the eglbryo and tiesue
development. An investigation to these chenges will gerve ‘o
enhgnee our present understending of the biochemlical relatlon=
ghip ex)sting in seeds amd tissues during morphogenesise.

Keaxyotypio instebllity 1s a most coumon phenomenon
in plan‘l:ﬂ tissue culture, the genersal obsexrvation is theat the
chromosome number in ¢ell culiures is not stable but is subject
to variation usuglly through the process of endoreduplicetion
end mcleer fusion (D'amato, 1975). Veriation in chromosome
number can glso be due %o spindle‘abnormalities end chromcsome

fragmentetion.

It 18 a wvell known faot that plent cell cultures
generatea w:l.da genetic veriebility which can be put to different
uses :Ln Plant improvement.

Consldering all thesge aspects the present study
vas undertaken w:l'hh the following ob;jeotivea.
1. To standardiae varlous nutrient media for the germination
_of selfacted species of orchide including Indim specles.
2. To de‘he:;_:_;n_ine the effect of different growth regulators

end adjuncis glong with the modia im the germinstion of,
orchid seeds.
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4.
' 5o

6,

To gtondardise repid multiplication of selected oxrchid
épeoiga through tissue cultuxe ua;ngjvegetative parts
such as ;eaf,ghoot.;cot.flowar etalkboffghoote or keikis,
o standerdise the media for callus formation and
differentiation of tissues.

To gtudy the effects of different’adjuncte individudlly
ard in combination on tissue culture of orchids.

%o study the oytologlesl varistions and histochemical
ahangqs in t:ne cells of the tissues ralsed through

tioeue oulturea.'
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CEAFTER II

_ REVIEH OF IITERATURE
2.1 Origin gnd history

Theophractus (370~ 285 B.C) who is often called
father of botany wes first to give the neme "Orchids" from
the Greclc woxd "Orchis", on the basis of the ‘:cesemblence
of pelred mderérounﬂ %ubera of these plants to tho testlcles.
This was finglly retained sud adopted by Idnneeus in his
ppooies Plenterum (1836). Indien Vedic scriptures glso
mention about these pla,ﬁts under the name "Venda", the
Sanskrit neme for epliphytic plaxits. The néme hae] now been

edopted as a gonerio nome of ons of the most beautiful
monopodisgl group of orchids.

The oxchid plent with its wlde variations in growth,
flovering, soed production and germination hesg got many
adaptive charecterigstics. The most suitable exemple for
the adeptive feature is the physlology of oxrchid seed
gemina‘tion. The first published desoription of an oxrchid
gsood 15 by Theophrastus (Saliabx;ry. 1804) « It was leter
found that the ceeds geminated in the n;aturél condltion
only vhen infected by a fungus (Mycorrhlzgl assoclation)
{Bernerd, 1899). Howevenr, Knﬁdpon (1922) could germina;:e
orchid seeds in an ertifioial mediume A detailed review
of work om oxrchid seed germination was compiled by Arditti
(1967) end later in 1977.
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Some of the recent Indimn publications on Orchids
gloo deal with their culture. (Bose and Bhattachar;jee, 1980
and Abrshen end Vatsala, 1981). o,

2.2 feed germingtion

The seed germinstion in o:.r:chid is a complex processs
A single oapsule produces severdl millions of-seeds, however
the percentege of germination snd number of plents developed
© are very low due to lack of myl functional endosperms

In orchids, the germination ad development ol &
geedling is not like in any othg;: anglosperm. The rudimentary
embryo encloged in the seeed ooa_.'l: develops like é dormant
bud. In the process of developmaent, 'l-:he geed Mgy or may not
develop chlorophyll, but it swells in size and burst out of
the seed coat. A cone sheped sphericsl seedling is formed
end this 1s celled protocorm Btage (Bemrd, 1909). The
first leaf primordis ig formed as s ‘bulge end the protooorm
inoreese 1n gize end subsequonily rhlizolds, leaf primordia
are formed (Arditti andgillﬁ; 1955);

' The mrocess of germination proceeds symi:ioti cally
in na.turé, with the aesociatiox; of gome root fungus and
eBymbiotically in aseptic conditions. The aignificance of
fungus ond its importence vas well esteblished by Bernerd
(1899) . He found that the fungal infection was necessary
Zor gernination. Some of the fungi Lsolated from orehid
roots includep Bhizoctonls {Duperrex, 1961), Corticium;




(Dovnie, 1957), Ammillariae; (Buvgeff, 19533 Campbell, 1362).
Oéher fungus isolated were Phytophthors, Eencillium, 2be) u|
emd Irichodermg (Curtis, 1939)

2.2.,1 Habure of sesd

Orchifi. seeds are very minute welghlng O3 %0 14 P‘g
{Haxrley, 1951) and measure from 0.25 to 1.2 mm in length (Hoene,
1949) and 0.090 to 04270 mm in width (Arditti, 1967). Bach
aspsule produces 1300 to 4,000,000 seeds (Ardltti, 1961).

Tvo majox groups of orchid seeds are ususlly distinguished.
One group hes relatively differentiated embryos, including
rudimentary mtyledons es in Bletillap hyecinthing. (Herley, 1951).
However mpjority of the species have relatively undifferentiated .
embryos end no endospemn (Msheshvari md Nargyane Swemi, 1952).

2.2,2 psymbiotic germingtion

Knudson (1921) domonstrated that orchid seeds germinste
freely on a medium ocontaining sugaer, mineragl nutrlonts end sger
end reported that no fungus is needed fox germingtion, this
rew{olutionised the basic approach of orchid cultivation and
started a new era of amsymblotie seed germingtion. Now eoymblo—
tio method of orchid seed germinastlon is widely in commercisdl
oxchid growing. '

2.2.3 Hedlg for seod germinatilon

Consequent; to the development of en artificial
medie by Enudson (1922), attempts were made to develop different
nedia sultable for dd.igfezent spocieg.



A comperative study of 2 medlia (Burgeff, HF end
Thomele GD) for the germination of Cynripedium seed revesled
that bette;: percentage of germingtion emd subsequent shoot
end root growth emd colour were superlor on Burgeff 831" medium.
But Cattleyy seeds germinated end developed mors rapidly on
Enudson’s C. mediun (Boesmsn, 1962 o).

The type of media seleoted for seed germinztion are
mostly solid medig with eger at varying concentrgtions. But
liquid )cul'hmes are also used. Seeds of 5 Pgphiopedilum
hybride were gown on liquid nutrient medium based on two
substrates (Burgefs R5F end Thomale GD) vwith supprlements.

All the 5 hybr:l.as behaved differently, both in their germinetion
rate and grovth. In genersl Thomale GD gave the best results
(¥lamee, 1978).

2.2.4 The components of verious medig

Sugaer 1o one of the very important components in
the medium. A veriedy of sugars heve been tested to study
the preference in soed germingtion =nd growth. However,
vhen chemically pure sugar was used, thexe wes no gormination
{Noggle and Vynd, 1943). In =n experimemn’ various carbon
sources such ss mono a;ld disaccharides, sugars, alcohols
and deoxy sugars were compared for oxrchid seed germination.

A1 the lacvo—sexries of sugavs tested, failed to support
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seedling growth. Dextroxylose geve setisfactory rosults,
d~-ribose supported only marginel growth. All d-hexome sugers
excopt d-galmotose proved sulteble for germingtion, d=fructose
being the outetanéi.ng. The 31 end trisacoharides tested were
not gatisfectory (Ernst, 1967 b). Nitrogen ia teken up in the
inorgenic form. Different form; of nitrogen souxte will have
difforent effeot on grovth. Orgemic nitrogen sources such es
proteinn, peptones, eminosoids, urea and others are superior
to inorgenic ones. Cypripedivm seedlings grovwing on anmoaiuwm
nitrate as nitrogen source had better root development and
derk green folinge. (Boesman, 1962 b). For Arundine bambugsefolig
gseedlings smonium nitrate wes the nost sultsble ni;mogen )
source (Mitra, 1971}. While Cgttloys scedlings groun on media
vith [H4, Ho3, HH,*, §o3' nitrogen or uree at concentrations

betwoen 50 exd 600 ppm shoved best results with mz and Fo3'
in proportions 2:8 or 337 (Uesato, 1973),

The snion cation concentretions in the nutrient media
ves gtudied at various concentrations, ot 29 ng equivalend
pexr litre. Thoe optimum remges were 16 to 2@ per cent HHA+,
35 to 41 per cend K+. 34 to 37 per ceal gett, 10 per cent Hg"H’,
66 to 88 per cent No3, 7 to 23 per cent H2E04 and 4 to 14
per cent S04”. Ammonium lons were not required for germinetion
of Bletilln gtrigts soeds, but they improved meedling growth
(Icrdhoshi end Yenashiss, 1977).
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Experiments were concucted to £ind out a sultable
imn gource. The ndditlon of BDEA t0 the besal Enudson U
medium resulted in healthier end greener seedlings (Miyesall
end Tegenabeu, 1965). )

.

2.2.5 Contginers

Selection of suitable containers mates orchid
tissue culture successful. Increasing the size (volume) of
the conteiner, a2 the seedlings grow in size i1s very ee;ential.
Comtainers with poor quslity glasa glives off glksall to the
mediume Flugging the culture flaks dla influencss the
growth sometimes. Howvever, the air tightness of the container
hed little effoot on eeed germination and plentlet formabione.
The aize of the' contetner hed no effect on percentage of
gormination but plantlet growth was better in large containexa
{Hasegate et gl. 1928). Seedling growth vas muok better
in flask covered with cotton plugs (Miyazeki snd Nagamatem,
1965) .

2.2,6 Gulture conditlong

rd_of the medium: The level of pi in the medium greatly
influence the g;:owth of the geedlings. The f ngy be critical
only during the early steges of germination end the seedlinga
are less sensitive to difference of pH (Knudson, 195%).
gompaxat:i.ve gtudies on the gfteot of 1 were made; (K;Jtomori
end Murasshige, 1965). The I requirement f£or orchid seed
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germinaiion end growth varies depending upon the specles.
Cymbidiumg can grow =t i renging from 3 to 6, Dendmobium
4.5 %0 5.4 =md Epidendrmm 4.8 o 5.2

Temperatwre egnd light requizements

Orchid meeds germinate best at 20 to 25°C (Arditti,
1967) the requirement of light for orchid seedﬂgeimination
va:d.;s dependdng upon the gpeclea. Seedlings of Cettleya,
Enldendrum md Oncidium vary greately in their obllity to
germinste in the dark (Yates md Curtis, 1949). Cymbidium
seeds cen gorminate in dark (Kohl, 1362).

Oncidium seedlinge require no light for oot and
roo0t development. Seedlings grovn in dark gppesr normal
but growth is more in the 1light (Yetes md Curtis, 1949).
SimilaT results were also reported esarliexr by Burgeff (‘i936)
foxr othor spocles. i i

Unripe seeds of Cpttleyn murentigoa germinated
aud produced protocorms md normsl plents oxi Knudson ¢ medium
at 25°C under continuous illumination. Germination was
inhib:l':‘bed in derkness (Plerik end Stesgmens, 1972).

In genersl, most oxchid seodlings can grow undex
naturel light end photoperiods with occasiongl supplementary
1lluminations

2.2.7 Seed storage

_ The longeivity of the orchid sced is verigble,
some mgy loose their vigbility in few months (Brummit,1962)
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or less (Iindquist, 1965) and others may remain for longer
periods (upto 18 years) if alloved to 4dry end stored in a
degsicator and refrigéra"hed (RKeno, 1965)}. However at room
temperature most of the oxrchid secds J.oos;e their vigbility
in a short time (Humphrey, 1960; Davidson, 19666)¢ Quick
freezing end storage of seeds in the frozen condiflon for a
long period 1s also possible (Fehlandt, 1960).

2.2.8 Seed sterijiesation

Tho oxchid seedas are usuzlly cultured in completely
eseptic condiion. Henoe the secds ava to be steriliced
before inoculation into +the mediums Orchid seeds czn rogist
chemical treatments for sterilization (Redlinger, 1961,
Jorden, 1965), Ehey withstend upto & concentrabtion of 6 per
cent hydrogen peroxide for 10 minutes (Breoedy, 135%), 13132
clorox sclution upto 15 minutes (Iiddol, 1948); Calcium
hypochlorite 5 per cent upto 48 hours (?Iilson: 191%5); 10
per cent Potash for 36 hours (Boriquet and Bolteu, 1 937):
mexrcurice bichloride solution {1:2500) for ahork periode'
(4iloughby, 1950}; end 10 minutes in toluenc followed by
30 ninutes in 90 per cenv alcohol and 30 minutes in 50 par
cent calcium hypochlorite (Vithner, 1955). Sterilization
by radintion is aleo rsported. The seedé: can vithstand »-ray
rediation upto 2400 r vithout loosing thelr viability
percentage (Kano, 1965).

Sceds of Yandg "™Miss Jeoquin” treated with 5 pex
cent clorox for 10 minutés and waehed‘with gberile water gnd
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inoculated on & culture medium produced seedlings in 10 tc 12
weeks, WYhereas geede without such freatment did not germinate.
Seeds directly iremsferred to the medium without exposure to
outside, germnaied well end produced strong ssedlings within
8 to 10 weelkse {Rao md Avaiheni, 19635)s Bletille capsules
sterilized with clcohol mmd inoculated directly into the medium
produced 100% germination end vigorous seedlings (Iuks end
Shevol\xenlf.c. 1977 .

2.2,9 Effect of prowth resulstors on seed serminatiion

Orchid seed germingtion end seedling growth is to
& great extent influenced by the growth regulgtors. Auxing,
Gibbereliins ed Oyiokining plays sn tmportent mle in seed
germination snd growths The result of studies with suxin showed
that only treces of amzin have been formd in Cypriped.lum
seeds and none et all in Cslentho end Dendrobium seeds ’
(Poddubnaya — Arnoldi, 1960, Poddubneys, et gl, 1961). The
ﬁotioeable differences in grawth end development of ’Both
control =md treated plants were observed as the plamt developed
anf grevw older. This mey be poassible Gue to no hormone produced
during the early stages of germinetion and growih but,production
1s initd abted end increased as the seedlings grew oldexr aond
leaves and wots are pmwduced (Arditti, 1965).

Root development of Cypripedium seedlings on Burgeff
F.F mediun wore stimulated by the addition of WAL at 1.5 mg/1
(Boesmen, 1962 b).
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Kan (1 or 2mg/1) or 2,4~D (Ot or 0.5 mg/l). GA et both
thes; concentra{;ions causeti merked leaf elangation. Plente
treagted with 2 mg/l produced few rcots compared to lover
concentrations. All four compounds siimulazted pmitocorm
formation end 2,4~D being most effective (Bose snd Mukherjee,
1976).

2,2.,10 BEffect of Viteming

The effect of vitemins on seed germinabtlon hes
been studied extensively by many workers. It appeara thet
specifio vitaming are required for some species. But a
general statement of vitamir requirement cannot be made
except for niecin, where a grovth enhencing effect has been
‘reported (Arditti, 1965). In an exporiment with dlfferent
vitenins like ninscin, ;denine. ribose end coenzymes NAD
amd NADP dlone snd in combinations hgve shown thet niacin
glone ox in combination with other addiflives were cepsble
of cnhancing growth in seedlings. NAD end NADP (concen=—
trations 8 emd 12 micromoles/1) inhibilted gernﬂ.n;a.tion.growth
and development {Arditt1,1966 e). Gemination of Cettleye
seeds were enhanced upto 80 per- cent in Knudson's €. mediunm
with nilaecin, adenine and ribose along with othez-: additives.
Seeds cultured on medig with bloiin produced better chlo—
rophyll then other treastments., The root development was
e1s0 better with bilotin treatment (Iucke, 1971).
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In general vitenine have been shown to promote growt]:
of plmt tissues and organs in vitzo (Bonner, 1937, Schopfex,
1943) .

2,2.,11 The effoot of other ocomplex sdditiveg
Coconut weter gnd fruit julces

Coconut water in the medla infl vences the germination
emd growth of orchid seedlings to a very greabt extent. Cgttieye
seed germingtion wes enhanced (80 pexr cent) on a medium ot
Krudson O with additives such es coconus milk. benana pulp,
tomato juice end vitamins (Lawrence end Arditti, 1964).

The addition of 15 per cent coconut water to the
Enudson's C medium inoreased growth of both opiphytic mmd
terzeati'ial specles, particularly tuber growth in terrestrials
amd ot growth in epiphytes. (Mo Intyre et gl. 1974)« The
geeds of Bpathoglottie plicgtp gnovm on mod:i!:l.éd whites agaxr
medium with 2 per cent puorose hal germinption rates of 60
pex oent and 80 por oent vwhen the medium was eupplemented
with 10 per cent cooonut nilk end Y000 ppm ozsesin hydrolyascte
reospectively (Chennsveersish ad Patil, 1975).

i The seed germination mmd seedling growth of five
differont genera of orchids (Capt¥leye,Cymbidium, Paphiopedilum ,
Phalgenopsis end Eulophidium) on Enuwdson C medium supplemented
with chelated iron,micro eler;xents, ooconut millk, bsanana and
charconl was very satisfaotory (Rose et gl. 1977).
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The effeot of banena pulp on seed germination hes
been roviewed by Anderson (1967). He found that eddition
of banane pulp to Enuison c medgnm ptimulated the growth of
Cettleyn seedlings. Further studies indiceted thal sddition
of benana pulp increased the number end growth of xoots
(Ardttti, 1968). A comparative effect of additives such zs
banena pulp, co’conut water, tomato Julce was studied on
the germinstion of Dendrobium seed on nine different media.
After, 9f 2 months of growth, the dry Weight of the scedlings
vere more with a treatment of banana homogenate (150 g in
50 ml. distilled water/ liter of medium)., The treatment
glso induced hetter vegetative growth (Mowe, 1973).

Tomgto Jjulcs was originglly described as en
excellent culbture medium £or orchlds (Vecin end Hent 1949).
But recent investigations have shown that it is 1nhibmtor:v
unless used in very low concertrations {Kano, 1965, Axditti,
1956 b). Seeds of Yendg'Miss Joaquinm” when *transferred
directiy from the pod on to g mediunm Sontaining tonato Julce
or yeast extract, germinated floming atrong seedlings within
8 t0 10 weeke ( Reo end Avedheni, 1963). Yhole tomato Julce,
recongtituted Julce of a mixzbture of ali Juice fractions
were slightly detrimsntel to Cattleyn seedlings (A::éitt:.,
1966). In Ehgleenopsis seed culture Knudson's € medium
modd.iied with a.dd.-l.tioxi of ripe bane.ne.pineapiale. pavayasfig,
tomato, raspbsrry, grape, chinese gooseberry, mushroom,
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coconut milk, eutolyeed f£ish, tryptone end peptone; accele—
rated peedling growth and development to0 a meaked degree
(Exngt, 1967 a)e

2.3 Timsguo re

Plgnt tissue culture is umed for the mass propegation

of germplaem. ]

The use of tissue culture tecthniques in oxchid culture
has enshled to obtain quelity plants in large numbexrs by clonal
multiplication, egteblishment of hybrid plents and improvenent
of orchid trede end industry.

2¢3.1 Culture pedig '

For tissue culiure both solid end liquid media are
used, Majorlty of the tissues are grown on solid medium. The
liquid medium 19 best suited for root cultures (Street, 1969).
The use 0f 1iquid medium is very ocommon f£or ell tissues for )
the production of Callus. &haking the medie helps in the
incorporation of oxygen to the media for the growing tigsues
(Heller, 19533 Vihite, 1963). Recent studies have indicated
tnat the 1iguid medlum 1g the most effeotive for the induction
of proliferation,perticulerly in protocorm or cdllus. Tie
growth rate of orchid protocomms was much greater vwhen the
eoration of the liquid medium wes incregsed by forcing sterile
elr into it (Cheng et gl. 1978). Apical meristems of
Cymbidiums, were ezciseti from §oung ghootis end inoculated on
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e l1iquid medium. Cultures were pgltated for four woeks.
Protocorm like bodies wers produoced within 2¥2 months. MNeny
ghoots were developed when they vere tranafe.rred to the solid
mediun (YWimber, 1963; 1965). Apical amnd axillary bud sections
of Dandrobjum " James Storie 7 were cultured on both =olid
and liquid vecin end went med:!:wn end nn modified Enudson'S C
medium, with coconut water. The best growth gnd longestﬁ
survival rates wers reoorded on liquid modified Enudson's O
mediun (Irsvatl et gl. 1977). Tho tiseue masses cem 1ater be
subé div:!.de& emd transferred. to fleske containing fresh nutrient
solution for further proliferation. The process ¢em be repeated
several times and finglly trensferred to sclid medium for
differentiation (VWimber, 1963). In case of Vepdg hybrids
(Yoinelgne x Y. tesgellgts) aploel or axillery buls were first
cultured on liquid Vacin ;nd Went medium with the addition

of 15 per cent coconut watexr. Iater when the shoot primordla
gppeared it vian {rensferred 4o solid medlia fox proliferation.
Greener tisoues were obtained vhen sub~cultures wers made

on liquid Vacin and Hent media (Teo gt gke 1973},  The
proceas of culturing and sub-aultuz!.ng desozibed. above ves
reverse vhen Ymidg * Miss Joaquim " vas cultured on Vacin end
Hent medium, wheré 'Ehe sxlllexry buds were male o grow firsgt
in a 00114 medium and later trmmeforred to a liquid medium
for pmliferation. Again the proliferated tiscues vere
traneferred to so0lid medium for &l fferentigtion(Kunisalkd

8t gle 1972). The shoot proliforation éd differentiation did
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not behave s gbove in case of Haemarig discolon. When the
sterilized shoots of H.discolor were cultured on liquid Enudson

C medium, no protocorm tissues were produced, but numerous
vwhite out growths were produced and when these were trensferred
$0 olid Enudson C medium they turned yellowich green and

formed nodes and leaves (Teo, 1978).

A semi s0lid nmedis was found suitable for Rhynohostylias
Blggntes end Dendrobium. (Vajrabhaye snd Vajrzbheye, 1970).

The characteristics of the media greatly depend
upon the kind and guentity of the esoluble salts present inm it.
The eitability of the genus or the species to a particuler
medium is besed on the sbove properties. High salt{ concen=
tretion of the media is beneficisl io certaln species,
Similarly changing the form of a partlcular s=1t may aleo
influsnce the growth snd behaviour. The caxrben source for
elmost ell medip is cucrose {Freson, 1969). Further shudies
on the suitebility of cerbon source indicated that sucrose
is better then maltose, glucose mmd fruoctose. D-Manose was
leos effective than all the four other sugers (Fonnesbech, 1972).
Elimingtion of sugars from the medium had profuced heglthy ’
tigssues In certaln plants. Varlous concentrations of
sucroge, glucose, fructose and menitol were used elong with
Enudson ¢ medlium and the protocorams of Holttumers. "Loke
Tuck Yip" were inoculated 4o the medium the eontrol‘roce:l.ved
no sugor. After 2 weeks sll tissues had multiplied two fold.
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But at the ad all protocorma wthch recelved pugars were yollow
ené necrotic (2e0, 1978)s In & nitrate free medium of
Ilurachigs-=Sicoog for cmi):l.dgum protocorms, many large protocorms
without leaf or roo} primoxdia were produced during tho first

5 weeks. Omisslon of megnesium favoured the development of
leaf =nd root primordia (Bruijne end Deboxrghn, 1974).

Sevoral culture medin were tried for the tissue
culture studies on the species selscted for this study.
Different specles of Cymbidiumg vere successfully oculiured
on Enudson C end othexr medj‘.a.( Chenpegnet gt gl. 1966;Steuard
md Mapes, 19713 Thompoon, 19'}1; Hozol, 1965; Lilfrel, 19663
Uimbor, 19633 1965 Uimber md Vencold, 1966 md Keno, 1968).

©  Differem’ speocies of Demdrobium were successfully
culturod on varlous medige Vacin and Went wes found the best
by many investigators (Gilliimd, 1958; Eimoto end Bageva,
1961 Xorael, 1963; HSezgawa Valmeyor, 1966; Sagava et gl, 19673
Xim ot _g;.. 1970; Singh md Sagawe, 1972 Senguthal _93 Q.
1975 and Valmayor, 1974).

. Epldendrym species Wore saccesafully cultured on
different g;edia 1ike Hursshige~gkoog Veoln end Vent, Heller,
Kgudson ¢ and Ojima end Fujivara (Churchill ot al.19703 1972a;
1972 b; 1973; Segeva and Velmayor, 1966; Velnayor md Segave,
1967; Rudolph et al. 1972).

Yandg specles were succedpfully oulturcd on different

media 1ike Vaoin end Went. {Reo emd Avadhani, 1963, 1964;
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Sagava end Schgal, 196‘7: Senguthol and Sagava, 19733 Velngyoxr,
1974), Vacin end Yent mediun (Tuniseld ‘gh gl. 1972, Senguthal,
Saga¥a, 1973, Teo et gL.1973), White media (Goh, 1970).
Rnudson C (4) (Valmayor, 1974). )

The il of the medium gligo influences the growth
md development of the tissues In Cymbidium culturs the
optimm i 45 5 to 5.5 (Spgewa, gﬁlg. 1966)« The pH
requirenment of medlg rocommended bytimber (i963) is 5.2 to
5.5. Fommesbech (1972) reocmmended g still higﬂer yo:s
for Gymbisimm oulturo (5.5 %o 5.8)s Mosich et gl.(1974)
recomeaded o H of 5.5 for Denirobiwg. The some enthors
reported a higher pH (5.8) wnfau'momﬁea Huzashige=gikoog
medls wes used for :Deg-d;g{)iug cultuxe.

2

Zpidendrun leaf {tips are best grown of pH 5.5
on modified Murachige~Skoog'!'s medium (Churohill, gt gl.
1970). Vhereps Epidondrum ;ngte were roported to é!:ov}
on m;:dified 0jima and Pujivera medium with a @ o2 5
(Churchill et ales 1972 a).

86411 lower 18 (4.8 to 5) was rocommended fox
Fhelaononely culture on ;ngdi:tied Vacin end Vent mediunm -
by Intuvong et glL. (1972).

Catitleyn shoqt tips when cultured on a golid
medium, turned brovn md died eventuelly. ZTeats vere
conducted for Folyphenoloxidase activity and the leaves
tested repulted in browning. The aotivity vas grestest



24
at 1 6.5 end inhibited st lover rH (Ichihachi snd Kako, 1977).

Venda explonts were best g:r;own on Vhalte's medium
with a 18 0f 5.5 (Segava end Sehgal, 1967)e¢

Selection of en sppropriate vegetative paxrt is m
importent aspect in tissue culture.

Yilfret (1966) reported ithat in Gymbidium hybrids,
protocorm like t;ut g:-mwths developed on the mexigtems 6 to 8 mm
evay from apeX, md d@isc from the gpical dome. Johansen
(1967) used both micro snd macro msristems {Apicel and leteral
bude) of Gymbidium for culture, The neero meristems grew
wel:l.—on Knudson c‘medium end formed protocoxms. But the
gpical morlstems did not grow at z3l. fpical md exdllary
merigtems of Cywbidium, Dendrobium end Cpttleys svo the best
explents for tissue cwlture (Sagawa cnd Kuniseki, 1969). The
epiogl meristem cf old emd yf.:)ung pseudobulbs of g@m
wore used for culturing. Em:.'.',y' dovelorment was good in -
bothe But feilures from 0ld pseudo bulbs repched 35 per

oent, oompared with only 15 per cent from young pseudobulbg
(Alpi end Geribeldl, 1969)s The growth rote of Cymbidivm
protocorm depends mainly Sn the size of the explent mateiiols
and also on the number of cut s;z:cfa.ces. Those with more

out surfaces incrsesed relatiwely foster them that of lorge
intpot ones. (Zimmer gf gl. 1971).



Clonal propagetion of Dendrobium wes mede eesy -
with explemt materinls such as terminal end exillexry buda
or stem intexnodal seotlon (Sogeva et g,],. 196'7!8 Mosich
et gl 1974; Intuwong emd Sanwa. 1975) “end new growths
from previously out rhizome or kelkis (Kim g_;l,. 1970)

Yith stem end f£lower otellt explents of gpi_d.m‘
hybrids,dorment bud at the nodes developed successfully into
plsntlgte. Upto 20 plantlets qbtained fxrom & single cene
(stevart md Button 1976). Olonel propegstion in Vemig
éan be easlly schleved by shoot tip culture. i

Use of leaf tip o8 a source of explente has the

advartage of not endengering or even serioudly dameging a
Plant (Arditti §_1; £+ 1972, Ghulz'ch:l.ll, st gl 1973).
m leaf 'bips formed cellus on I-Iurashige-ﬁkoog's
medium md differentiated on K‘.nudmn C medium. &gg_l_i__-—
Cattleyg lomves cultured on He:u.e::s nedium prod\;ced ;;a:l.'!.us
end plantlets (Churchill ot gl.1973)s Icef segments of
Yandg and Ehglgenopsig culh;:g.“ed on only agar medium
pi-odﬁeed protocorm liko bodies. The proximal tissuwse formed
protocorm like bodles moxe easily than distal tissuenm,
Bettor development of protocom lilke hodies were ith young
geedling tissue then on mature tissue particulsrly in
_m_g { Tenake g% 3],. 1975). Zoaf seguents of Fhglosnovsis
ggabilis hybrids pmduced protqcom like bodies on lurashige=
Skoog's medium vith supplements (Senska and Sakanichi, 1977).
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Tho idegl method of clonsl propaegation would utilise
anﬁorgan or pudll mgss © . of tissue vhich can be removed
without damaging the plant. ILesves and meriel roots cen be
uscd for this purpose, Orchid root tip contain definite
moristematio zones, they cem be made %to grow in vitro.
Epidendrum root tips cen be cultured, but gll they produoce
im roots, albeit longer xocota (Churchill et 2l.1972 a).

Root tips of Phglgenopsis gnpbilig hybrid seedlings
cultured on 2 soldd media prmwved satisfactory for callus

grovth md development of protocorm lilke bodies. Trensferring
these bedies to Eyoto nutrient solution resulted in plentlet
formation (Teneke ot ﬂ- 1976)

2.3+2 Growih regulstors in t2ssue oulture

Subsequent to the development of dii!terent medin
for orchid tissu culture, seversl modificetions were made
to the media by chenging the ingredients mmd their quelity
end quantity. 7The most importent development in the cultwuxre
media was the incorporation of growth substances which inclulen
enxins, glibberellins, oytokining md vitamine.'

) The benefioisl effect of Indole acetio aoid(IAA)
was reported by Boesmenn (19&2 b) on Cattloyg. The thtlgx‘g
nexistema wvere culiured 1;1 a solid media wiﬂ; napthaline )
asoetic acid (NAA), glbbrellio goid (GA3) and kinatin st
1 M each with viteming end cooonut Wetor. NAA wes found to
stimulate growth of the tissues. A ooncentration of Sx10™1H
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was optimum end concentrations about 107 eppeared to be
toxic to plant (Iindemenn, 196-7). In Dendrobium meristens,
a oonccntrationkf 1 ppm NiA w:l.;;h 25 pér osnt coconut watex
wes mopt suceessful in producing protocorm lilke bodies. Toung
gtems however do not respond to this treatment (Ssgaws et gl.
1967). Cymbidium protocorms eultured on Enudson O medinm
tr:!.'hhﬁﬂitscl_x n;inro element mzpp]‘.ement, produced plentletam
within 2 months. The grouth end development was promoted by
HAA, bgeto kryptons, I~arginine end I~goportio soids Yhen
the medium vas supplemented with O.1 mg/1l NAA, ebout half
of the protocorms produced shoots (Ueda end Torikata, 1968).
The same mthors reported the_a&di%ion of low ooncentratio&
of NAA (below 0.1 mg/1), promoted shoot formation in
Cymbidiuma but with in&reasing concentration upto 0.6 mg/l
roots were formed snd the number of choots deoressed. Shoot
formation wes elso encoureged by sddition of 0.0% mg/i
2,4=D, 001 mg/1 @4, 1077 M. I~ arginine, 10-°M. Imespartio
acid or 1 mg/l nscorhio_acid.-xnie?in had no effoot (Ueda
and Torikete, 1969).' Matsui et gl. (1970) repoxted that in
gynbidiums the rro;:ooorm formation wes not affeoted by the
addition of NAA ab rates upto 1I rpm. Bub a higher conoen~
tration of BA (10 ppm) with NAL inoreesed the number of
ghoots. Root %omati&n was slightly effected by G.1 ppm NAA,
but BA inhibited it at higher eoncentrations.
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In o study to compares the effect of auxins, oytokinins
end @A alone or in combination on growth of Cymbidium pro—
tocorms indicated that TAA dlone had no effect, mu'; resultod
opbimal fredh weight et 10 M and the protocorms were
vigorous. 2,4~D caused & high velght inoregse at 1 HE bub
protocorms were sbrormgl. Xinetin induced growth of meny
small shoots gnd glso pmmoted' callus formation and incroesed
frech woight in: liquid medium =nd GA glone promoted shool
end leaf growbhe NAA and linetin resulted in maximgl fresh
welght increasoe (Fonnesbech, 1972). A report by Kusumoto
(1979) hed shown that, in Cymbidium protocorms coneisteont
;hoot- grairth wes obtained in the medisz conteining 613 at
140 mg/2 end NAA at 0.01 o 0.1 mg/ls For root formation
a combinetion of 4 ma/l 84y and 0.1 mg/l HAA wes most satis
factory.

A higher oconcentration of HAA(1,0 mg/l) mnd ﬁA
( 5 ng/1) induced maximum proliferation of pmto;orms in
Gat'aloxg: Shoot formablon and propagules were stimulated
in a mediun containing BA 2t 0«1 mg/l md 2,4~D at 0.1 mg/l.
2,4=D glone at a concentiration of 0.5 mg/l killed the

protooomms (Kusumoto, 1979).

The concentration of growth subebtance reeds
chenges at each stage of development. The n;edium nost
effective for plentlet growth contained Osf to 1.0 mg/L
kinetin and 1.0 to 5.0 mg/1 HaA ox 041 40 0.5 mg/l kinetin
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end 0.1 mg/l 2,4=D, Shobt formation of propegules tere

best promoted in & medium containing 1.0 mg/l BA end 0.5 mg/l
EAA or O mg/l kinetin end 0.1 mg/l 2,4-D. High concem
tration of growth regulators induced *the formation of pro=
tocorme or callus on root tips and leaf surfaces (Ensumoto,
1979).

Highexr concentration of NAA (6 mg/1) and Xkinetin

(2 mg/1) end 2,4=D (2 m.g/l) with coconmut water(s percent)
1n Hurashige—&koog medium pmdueed good callus tissue 1n
tho rhizoma."tous portion of gggi};ogoﬂ'ig (Bapat end
Hereyens Sweml, 1977). Growth initlationof Cettlevs
explants were optimum with NaA or 2, 4D at o concentration
of 0.t ppm in the medla (Ichthashi end Keko, 1973).

Before the discovery of cytokinine by Miller
ek _ﬂ,.(19'55§‘, the culilvation of the tiseue of meny epecles,
like-'babaocg enl soyasbesn, were possibly only by adding
to th;o media complex factors o un'mown wmposition, such
a8 coconut milk, yemst oxtrast end corn endospemm. The
mgin compourd in these pubstances responsible for oell
division i9 oytokining

Cytokining are responsibls for differentintion
(bud formation). The cell divielon or 061l diffaerentistion
18 dleo essocinted W th euxine (Skoog md Miller, 4967)
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Different forma of cy'bold.nins' tested go fox
(Benzylemino Puring, R-Benzyl odenine, N-benzyl edenocaine
end Einetin) hei the similar effects at 0.1 ppm. However
higher concendration inmhihited orgen differentistion (Rucker,
1974).

2,3.3 9_121&2}_3_49.5

Gibha:eume(eag) ers meinly responsible for stem
elongation. Ia certeln plmts, meristeno will not develop
vithout GA. (eg. FPotato, gmq_gggm). But in oxrchiad
meristems, the emgenous applioa‘bion ot 013 produces dele-
terionp effects, resuliing in vexry ithin, thread like emd- -
ohlofotic stems. Hovever in gtﬂgxg GA; concentration of
0.5 )}M essoclated With M. NHAA end Kinetin hed produced
better results (TLindememn, 1967).'

s

2,3.4 Miscellonsoun gdditives for tigsue cujture

4 verioty of ingredionic axe incorporated into
the medis for orchld culture. Jome of the sdditives have
very siriking effeot in tlesue cultwre. Cooonut water wes
first introduced in tissuo culiture by Von Overbsek gt gl.
(194%). Since then several investigators obssrved the
atimuiating effect of coconut milk in tisewe ouliure., Its
offect on the gpilcal morlstem of Cattleysg, Degdrobigg emd
_aggg ere very sbriling. I helpa in the division of
epidemal cells md formation of protocormess The optimum

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

S
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end 1% 1o added before autoclaving (Mozel, 1965% Intuvong
end Yagava, 1973).

In Yendg choot tip cul'l;ure,use o? 15 per cent
coconut water vithout puger mﬂﬁced the production of dark
graen protoz_:orm 1ike bodies. Tlimue without the supplement
vere brown mé thome with sucrose sglone wers light green.
Continuous prliferation ocoured when eger and coconut water
wers ugsd in the medium (Kundsail gt gl. 1972)

The xole of coconut walter has been furtherz
emphagised by Mo Intyre g gl §1974). The gldition of 15
par ocent c¢oconut watexr to ba,éiaﬂKnud;on C medium produced
increased grovtn of both epiphytio snd terrestralal specles.

The stimulatory effect of coconut milk on the
protocorms may be due 40 1ts complex composition, which
includes gmine zelds, Sorbitol, Inositol end cytolinins
(Pollerd gt gl. 1961 Ven Stalen emnd Drewes, 1975)« The
é::eater production of chlorophyll in the protooo;:ma culti~
vated with coconut milk may be duwe to cytokining as these
growth regulstors are involved in the dfferentiation of
larmellar gystem in chloroplegts.

2.4 Histoghemicgl gtudies
2,4,1 Drchid geeds

Sumy (1949) described two fundanental types
of soed developmm% in ;ib.e rembers of orchideceze. In the

firat , the zygote divides by a transverse well to fom two
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The embryo utilizes the stored carbohydrates emd lipids eo
well s oxogenocus nutrients durdng its differentietion
{Alverez ed Sage¥a, 1965). The protocorn corsigts of
i)arenchymatous fissue whizzh dlsgppeara, consequent o the
production of photosynthe ticelly setive primordisl leaves.
The pemenchymabtous region of the protocorm accumulates good
amount of metebolic reeerves in the form of pmitein, liplde
o high moleocwlar weight carbohydrates amd serves as a

reservoir in the ebsecnce of endosperme

Yhen the embryo seotions were ctained with Feulgen
staln for locating the DA, 1t was observed thet the large
nuolel in the parenchymé.tous reglon stained dsrker ihan
thope of the merdstem indleating en incresse in DNA content
during differentistion stege (Alverez & Segave, 1965).

Averez (1968) messured the nuclesr DNA cyto=
rhotometricelly in saci'::l.ons md 1solated nucléi of the
developing embryo of Yendp » The amount of HNA in the
nuclel 0f the parenthymabtous region ves ahow:-x to incregse in
direct proportion to the distence of the nucleus from the

mexiston.

The ultrestmeturel examination of developing
Yamls protocorms indicsted thab a substanbiel emount of
lipid, protein, end carbohydrate reserves, vhich disgppear
gradually with the seneacence t;f the parenchymatous xegions.
The proteinaceous reserves appesy inltiglly as discrete
bodies waich become initislly mosociated with clusters of

3
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) In propegating oxrchids by tissue cwlture, explents

from different plent parts are taken and growvn in different
mediun. Tigeues from immeyr layer tdren for further daveloprent
may become hetercgeneous efter differentietion. (Murashige

md Namno, 1967). This mey be due to the ertificiel environ—
ment in vitro vhich has a considerable affect on the call

development end differontiation snd leads to somaplongl
varlation. I

The werisbility in ohromosome numbexr in regenerated
Plent 15 @ widespread phenemenon (Tarktin aad Scowcrofy, 1981)
end gross karyotype chmges such aa anguploldy-polyploidy ox:F
myzoploidy have been reported in meny crops (Iureshige, 1974,
Thomes, 1979) indeed grosa keryoiype slterations heve been
observed in tissue culture plent cells (Murashige end Hakeno,
19673 Kap znd Micheyluck,1980; Bennicl, 1974; Sreeramuiu
2t 21.1976; Skirvin, 1978 end Roy, 1980). Aneuploids in xye
grase (Mloovalia, 1976) trisomics in tobasco (Fishiyame
end Telre, 1976). i

A psrugel of eerlier literature reveals that
chromogome veriebility emong rogenercted plents hes been
more in original collus cells than in regensrated plents,
(Oxton, 1980) which clearly indiceotes that “here ig &
;elaction '.Eo;ce in favour of gpecifio chronosome constitution
during the process of regemeration. In Howgrihie (Oglhare,
1981) selection for eudiploid md t.etzaploid ple.utr; Tvgre
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rather stronger than for plemts itk sbnormdl karyotypes
(with delstion end translocation).

Chromogome bregkage and reunion, multicenirico
end trmalocations have also bzaen obeerved in plents denived
from callus cultures in barley {(Orton, 1980). In plante
from rye grass culiures the meiotlo chromoac;me behaviour
suggested that the presence of reciprocal tremslocation,
deletion and inversiong, and othexr chromesome rearrengements
do results in loss of genetic materizl which may xesuld in
phenotypic variente as well as affeoting tho gene Jn which
the chromosome bregk occurs. Cryptic chenges can not only
rosult in the loss of genes and the funchions but also the
expression of genes which hitheri heve been silent.
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CHAPTER III

MATERTAL AWD METHODS
The eXperiments were condx;.oted gt the Orchid
Tghoratory of the Indlan Institute of Hortieultural Research,
Hessaraghetta, Bengalore, The plante were maintsined in the
Orchidarium ettached to the laborstory. The Orohidarium
provides optimum condition for tho grouth of oxchid plaonte.

The Orohid leboratory has a culture room and an
inoculation rocms The cultures were mainteined at a ten-
perature of 25°C gnd under artificligl light of 600 lux for
12 %0 16 hom's"a day depending upon the stoge of germination
end differentiation.

5¢1 Ozchid species used for the experiments

The following oxchld species were seleated for
the vropsgetion studies.
Cymbidium pendulum (Boxb.) Si

An epiphytic spe::ie with short stout otems.
I-ea_vea thick leathery, ensiform, obtuse retuse epilcally
furroved, 50 Yo 100 centl meter long and 5 to 10 centi metor
broad. Inflorescence racemose, very long end pendulous
{Plate 1.1). Flowers smoll dull yellowich green.
Bletillg hyscinthing Rechb.f.

A terrestrigl species with mund compressed -
pseudobulbs typically subterrenefm. Teaves stalked ab bese,
folded above, light or dark green 3 +0 60 centl meter %sll.
Inflorescence solitary sppesring from the middle of the
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expending shoots. Flovwers 4 to 6 in numbeyx, rose~purple.

FPhoins vellichd Hkefe (Syn. Phoing tenkervillae)

A cultivated terreotrisl orchid with tlghtly clustered
rather irreguler dull green pseudobulbs. Icsves 3 to 4,
30-100 centi meter long, folded, nairowly elliptic, scuminatel]
Inflorescence stout, borno from the bese of the pseudobulb,
more than 125 centl meter tall, Flowers 10 to 25 ¢pening
in succession. Flovers white outside end red brown inside,
often with yellowleh mergins, bract large.fragrant. Idp
large moetly whitleh outside (I-‘l:ate 1.2). )

Sngthoglottlg plicatg: Bl

I+ 18 ean ever blooming terrestrisl cultivated
orchid. '.Eixe peeudobulbs are tightly clustered, avoid to
rather oonical, often irreguler, 45 centl meter %all, bright
or dull green, strongly ringed., ILeaves sheathing, linear—

lenceolate, acute or scumingte, more than 60 centi motexr long,

5 %o 7 centl meter wide, foldeds Inflorescence errect, 65 to
75 centi meter %ell and with 15 to 25 flovers. Flowers large,
pink braects persistant, flowexrs o;gning successively over e
very long time, Four different varisties with different
colours ere known {Plate 1.3).
Epd.dendrum mdiog&z Pave exﬂIadl

Mwo lnown =8 Epldendrum ibeguonge, the plant
reed=1iks, having tall, clender stem with rather widdly spaced
ghort leaves md long aerigl 100 8. It 18 umdlly trained on
suppoxrts, The tal} orreot stem bear dense cluster of a spear

shaped hegd of 2 'Qo 5 centl meter brilliently coloured red



PLATE KO« 1.

DIFFERDET ORCHID SIECIES.
1. Gymbidiun pondullun

2. Pipiun wqllichii

3. Spgthoglotily plicato
4+ Epidendram zpdioms

S« Vendn cosrulon

6. Dendrobiun mogchaimm

T+ Dendrobiun plepavdil




PLATE-I
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flovexs (Plate 1.4)

Vandg coerules Griff., ex Ldl.

M epiphytic orohid netive of Himazlgyes, stem robust,
150 centi meter tall, very densely leafy, leaves~le athery,
usually yellowicp-green, 25 centi meter long avi 2 o 3 centl
meter wide, linear-ligulate, deeply channelled shbove anmi
koeled beneath, irregularly cut and toothed st apex, Inflore—
scence—errect or arching, to 60 centl meter tall. TFlowers
5 to 15 in number highly variable in shape, colour snd size,
Flovers pale blue with dark reticulate marldng. It flovexs
mostly in autumn—winter (Plate 1.5)

Dendrobium moschatums: (Uilld,)sSW.

This is an epiphytic orchid native to Himalayas.
Poeudobulbs arching or pendulons, strongly siriped vwith dulld
brownish purple stripes. Leaves oblong 10 Xoblong-ovate,
strongdly veined, leathery, scuminate to 15 centl meter long,
deciduous. Inflorescence~ g spike with 5 to 10 flowers
vendulous, produced from nsar tip of old psesudobulbs. Flowsrs
8 centi meter across, heavy textured, musk scented creamy~buff
flughed with rose purple (Plate 1.6).

Dendrobium pierardil:Roxb.

Thig species ig native of India and China and
distributed in Himaleyas 0 Burme. Pgeudobulbs very slender
stem like, pendulous ox drooping to 150 centi meter long.

Ieaves~deciduoum, rather soft textured to 120 centi meter long,
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seasile, lsnceolate acuminates Inflorescence-1 to 3 flovers,
short stalked produced from cld lezfless pseudobulbs. Flovers
5 centi mebor across, fragrant, very fragile in texture, often
semi~-transparent. IFlower-Pgle blush whaite ox Bosy-_-bluiah.

It flovers during spring t early summer (Plate f.7).

~

Vanda texes {Roxb) Ldl.

The gpecies ig highly omsmentel and is used es
cutflover, native of Himalayan foot hills and Western ghabs.
I+t is flmost ever—=blooming im twropices. Stem terete, often
rrofusely branched near bese and above mnd forming denme
tengled masges frequently few meters in length. ILeaves—terets,
similar %o the stem, 10 to 20 oentl meter 1ong,disi‘gchously
end alternatively arranged at m acute angle to ihe sten,
errect or rather sharply ascending. Ipfloxescence= 5 40
centi meter long borne opprosite to the leaf bases from upper
part of the stem bearing 3 to 6 flovers, ihich are loosely
arrenged. TFlovers 5 to 10 cenbtl mefer in dianeter, long
lasting, varisble in colour, 1lip funnel sheped yellow lined
with puzblish bxown md speckled vith red lobe is deenly cleft

mmd rogse purple, fragrani.

3.2 Sged germination situdies

The flovers of the selected species were geli-
pollins ted snd mature undehised capsules were collected. The

maburity is attained in 28 &pys in Spothomlottis plicata
and in ten montha in Vandg feres. Viability of the seed ves
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tested by differentisl stalning method (Singh, 1981) and only
those oape_ules in vhich the viabillty was more 'thann'?‘)' per cent
wvere used, In most of the cases green pod eulture technioue
ves used for seed culture. However, when the capsules had
dehised the geeds were gtertlised vith 2 per ocent chlorine

water befoze sowing.

%+3 DBisoue culture studieg

The different vegetative mrts were collected £rom

the selected species,

3.3.1 Mexigten cyltnre

Phe gpicel and axlllery meristems of Cymbidium
pendulur vere obtained from young sprouts and pseudcbulbas
The sprouis md pseudobulbs were separated from the mother
plent, washed throughly with voter and teepol snd sarZace
gterilized with 5 per cent chlorine vwater for 15 mimutes.
The outer enclosing leaf was zemc;ved and again dipped in 2.5
per cent chlorine water for 10 minutes. The lgterml snd
apical buds were excised snd Rinslly vashed thoroughly in
sterile distilled vater 2 t0 3 times and used for culturing.
Sterilization technimue of Yands teres end Epidendrum rpdicens
vere almost seme as Gymbidium, but the Vendg end Epidendrunm

gtens are very hard ot dase t;.nd soft at the top, the axﬂléry
meristems wexre enclosed with only one leaf cheath and only
the top 6 to 7 nodes were used for extracting explmis. The
oten sections vith the bud were washed thoroughly with

water and teepol end surface steriliged with 2.5 per cent

ohlorine vater for 10 minutes. The leaf sheaths were seperated
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carefully and the buds were exposed. Single node cuttings

1 {02 ’hﬂimeter lonz vere made . The cuttings were passed
successfully through 5 per cent end 2.5 per cent chlorine watex
for 5 minutes in each. They were f£inally trashed with sterile
distilled water and uged for culturings

The same procedure wee siopted for Dendrobium pierardii
oxcept thet the cRlorine wabter used for initidl sterilization

wag only 5 pex cent apd %ime of tregtment wes 1% minutes. The
thin scale leaves were removed amd made into modal cubttings

3e3.2 EBreparantion for root cultures

Roo{ explanis of _D_g_ﬁgp_i_._@ mosgchatum were collected
from the young asriel roots. Root $ips (2 centimeter) long
were removed and washed in distilled water with teepoi. Surfeace
sterilization wes done wikh 3 per cent and 1 pex cent sodium
hypochlorite solution for 10 to 15 minutes, Finglly washed in
sterile distilied water and cultured.

3e3¢7 Modim used for culture studies

) ‘The following five dlﬂez:?nt medla vere used for
the experiments.
t., Knudson C medium
2. Murgshige~gkoog medium
3« Vacin emd ¥ent mediun
4. Burgeff E'3F medinm !
5. Modified Vecin znd Went medium.
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Furthor modifications to theso media were made by adding
growth substances end other oxganio complex sdditives. The
composition of the medip end the method of preparation are glven
in the %able (Table 1 to 5). '

Table 1. Composition of Enudson C medimm.

Components Quantity
pexr litre of
! culture
medium
Celolunm nitrate, Oa(N0,), 4 1) 1000 mg
Monopotassiun phoapl:mte; KH2904 | 250 ©
Hegnesiun sulphate, Mg 50, TH0 ! 250 ®
anmoniun sulphate(NH,), S0, 500 P
' Ferrous’ sulphate, Fes0, TH,0 25 @
Mangenese sulphate, xnso4 w0 7-§ "
sucrose 20 g. |
Distilled watex to mske upto 1000 mi

lgex 9¢a




Table 1I. Composition of Murashige—gSkoog medium

Components | Quentity per 1litre
of the culture
ne@ium

HMacroelements

Ammonium nitrate, KH 4 N03 I 1650 mg
Poteggium nitrate, ENO 1800 mg
Caleium chloxide,Cacly. FH0 ! 440 ng
Magnesiun sulphate, HgSo4. THLO $70 ng
Poteselun phosphate, KH, P04 . 170 ng
Iron chelate (Na, IDIA) 37439 ng
Ferrcus sulthate, FeSoi.? H 0 2780 mg
Microelements

Boric acid, H3 303 ; 6.0 mg
Manganess sulphate, Mn804. T nzo 22430 mg
Zinc chloride, Zncl, 3493 ng
Potassium itodide, KT 0.83 ng
Sodium molybdate,Na, l{o4, 2 H,0 0.25 mg
Coprer sulphate, cuSo4. 5 H20 ! 0.025 mg
Cubslt chloride, Cocl,. 5 H 0 ! 0.025 mg
Sucrose D g
Digtilled weater to make upto 1000 ml

Ager 9¢g
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Peble III. Composition of Vacin' and Went medlum.
!

Gonmponents Quentity per litre
of culture medium
2ricaleium phosphzte, 033 (P04)2 200 mg
Potassium nitrate, KNO, 525 mg
Potassium phosphate, Ki, ro4 250 mg
Ammon:{.um sulphate.(m4)2 80, . 500 mg
Terrio tertarate, Fe, (04H4Oé)3 | 28 mg
Henganese sulphate, Mnso4. 4 H20 T+5 mg
Magnesium sulphate, Mgsg4. L . 250 mg
Sucrose 20 g
Distilleé vator o make upte 1000 ml

Agar %g




Tgble IV, Composition of Buxgeff NgF

medlume

Conmpongnts

Quentity per litre
of culture medium

Solution A. !
Calxiua nitrate, Ca (¥65),. 4 HO
Anmonium sulphate, (NE4), 6,
Megnesium sulphate, Mg £ 4 THD
Perzous sulphabe, I‘eﬁ%. 7HO
Distilled watex

Solution Be

Monopotassium phosphate KH,PO 4
Dipotessium acid phosphate KZH 1’04
Distilled water

1000 ng
250 ng
250 mg

20 g
500 ml

250 ng
250 ng
500 nml

]
Solution & end B were mixed together after preparing

separstely end to the combined mixture added

Suerope

dgex

20 g
98
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Table V. Composition of modi:f:?.ed Vacin md Went medlum

Components

Quantity per
litre of cultwwe
me@iun

Tricgleium phosphate, Ga3 (204)2
Potagsinm nitrete, KHO3
Potasgiun phosphate, m{2 0 4
Amsoniun sulphote (]Sm4)2 8oy
Ferric tartarate F62(04 340625
Manzevese sulphate, Mns%. 4 50
lagnesium sulphabe, I'IgSG4. 7 H20
Sucrose

CGoconut water

Distililed water to mdre upbo
Ager

200 mg
525 mg
250 g
500 mg
28 mg
T+5 mg
250 ng
20 g
250 ml
10C0 ml
g
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Je3vé  Zxseaiation of oolis

A atook wolution of zmimnés wore prepexel. fimt by
Riggelving the Boown ousmtity ef a cheadcnd sypepciely 2a one
1isrs of drtilled voltar md stored in eoloured bodtle aund epd
in & rofrigevatox. Solutions ecmi;:lnﬂ.ng mponiun ol niivate
ney becoos contasinated while in a‘ltmeagc. Jance no shoek
solutlion vns premarad. A unlforn ga.mn{“.rc.tion of Weo pm
wag prevared both Sz necw and plore nalriomito. The @oatity
of nulnienta o dvtelled 4n Toble 1 £ § vere coohwred afd the
madia vexe propared. Guozese ond ln.sax: w028 elded directly
into the prenaved nedlun af¥er aljusting the il otison Sel ¥
Sd¥e The nixbure was them hoated ‘{oz- 8imsolving e com into
the nedia, Aftez the a2 vee dd#aolved the oolilun vas poared
into the cultawe tabus cnd Meals for aiodovings

Foxr preparation of zmrulhﬂa-@mg nedis, Na, DO0A
sod Te50,. W0 (Table 2) weve added tb one Litre of Gistilled
wnter md ept ot 60°C for few bours ten Al of this solubion
van used pear iittw of the aediume

Yh2ie projeviug Veoln mid Uoit ond aodilled --
Vaoin md lont medis, Tricgletuw phosphaie {(Balle 3 and h) usre
fixoy dianocived in sinioua qumtﬁ.ily of 1 5 HOZ gad the voluom
ves Dale ypho 1000 20

Hguid aediun was prenered vithomt =48ing agat.
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3543« 5 Adjustment of P

The yH is very oriticsl only during the esxly stages

of germination when the seedlings are less sencltive to dffer—
ences in pH (Enudson, 1951)., Hence the p ?f 2ll medig were

meintelned bétueen 5.2 and's.'j. The level of 1 was geasured
uith 'BIICO' electronic pi meter. The zljustment of M was
neEe ‘::y usi;xg 9 HCL or NddH.

3e3.6 Autoclaving

The gutoclave in the lsboratory is a hoxizontdl type
vhich cem hoid about 30 to 40 £lasks or 200 tubes at a time.
The flacks with the medis were autoclaved ot 15 pounds per
square inch pressure for a period of D minutes. The flasks
were then takten out and slloved to cool and solddify. The
inocuilgtion wag done sfier 3 to 4l days %0 ensure that the flasks
were free from conterinations

1
3437 Bowing of seeds :

The soiring of seede vg;e dong inside the inocule=
tion chember fitted with en ultra violet tube. The mature
uniehisged cgpsules were surface slterilized vith elchol, The
capsules were flamed end then cubt open with & blade and the
seedls were sown on the medium and the flasks closed with cotton
plug and kept in the culture chambers

3.4 Qrowth re otors

The standardisation of medis was done vwith five
besic media except the modified Vacin and Went medium which

contain coconut vater zlsos
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The adéitive incluies growih substances, including,
hormones znd other oomplex additives. Three important group
of growth substences (auxins, gibbrellins emd eytokinins) wexe
used in these exper:\m;n'hs.

3e4.1 Juxing

In the present study Lour suxing (voth nabtural md
gyntaetic) wers used.
Indole~F~acotic acid {IaA) ‘

A skock solutlon o;é IAA 1000 ppm vas prepared by
dissolving 500 mg of IAA (Bigme) in a sngllquentity of ebthanol.
The volume sdjusted to 500 mi with distilled water, This
hormone was incoxporated into the medig at three concentrations

0f 1, 3 and 5 ppm for geed culbure studies.

Bevhtheline scetic acid (NAA)

A stock solution wees prepared by dissclving 500 mg
of NAA powdex (SIGHMA) in a small]quan-bi'by of ethanol and the wolume
was adjusted to 500 ml with distilled vaber. Requized amourt
of stock solution vaes mixed 1~t:i.1zhI caliure medium boefors
autoocla:ving. Three concentretions 1 , 3 =md § ppm were used
for seed and merlstem culiure n‘bllzdies.
2,4~Dichlorophenoxyacetic peid (2,4«-D

A atock solution of 1000 ppm was prepared by discol~
ving 500 mg of powder (SIGMA) in minimum quaentity of ethamol
and the volume adjusted to 560 nl vith distilled water and

stored ir e coloured bottle in a refrigerator. Three concen~
trationa 1, 3 =nd 5 ppm vwere used for seed germination studies.
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3402 @ibberellingss0id (G4;)

A stock solution of 1000 ppm was prepared by &lesolving
500 mg G-A3 poudex {S1G6MA) in minimun quentity of NeDH end the
volume made up to 500 ml with distilled water and stored in
coloured bottle in. g refrigerator. Different concentrailons
Cut, 3 ont 3 ppm were used for the experiments. Adequate amount
of the stock solution was incorporsbted vith the nmedig befare
auboclavings

3e4¢3. Cxhokining

i
Tvo cytokining used HXx the experiments were kinetin
and benzyl sdonine (Ba)e. A stock solution of both substances
were prepersd at 1000 f)pm and gtored in a coloured bhottle in
refrigerator. 500 mg of the power (SIGIA) vwas dissolved in

e omell quantity of iN HOL emd the volume (

T 'made to 500 mil with distilled water md adjusted the

yd. Concentracions 1, 5 =ud 5 ppm vere used for various ezperi~
menta. Adeguate quentlity of the stock solution was incorporated

with the prepared medium before auitoclaving.
3e444 Other complex glditives

Other complex gdditives such as cozonut water
(the 1iquid inpide the nut) mature unripe baaana and tomato
Juice were zlso used aJ.Ong with -l:he media to study their effeot

on germngtion,growth eand development. Coconut water wan
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collected from tenlexr coconuts end filtered through cheese
cloth end stored in g freszer. Mature but unripe benena fruite
were pecled and blended in a small quantity of distilled waker
before use. Ripe tomato fruits wém blended in a mlncer md
the sseds and peels were removed by straining through muslin
cloth. |
3.4.5 ¥itaming |

. Vitamping _such ag nicotinlc apid, pym.d?z:i.n end thigmin
were used to £ind out their effect on growth and devel.opment
of orchid meedlings. Five hunclrefl milligramg each of the
vitaming were dissolved in 500 ml of waber and stored in a
botile wader refrigeration. Th:cefe concentretion [ 0.5, 1

end 3 ppm) were used for seed culiure.

3¢5 Cuiture conditions

The flesks after culiuvring were arranged on m
rack an@ illuminated at 600 lux for 12 to 14 hours a day.
The tempersture of the culture rcom vas maintained at 25¢C ¥

2°CQ, snd the humidity range vrag 60 40 T0 per cent. The

culture »oom zand the surroundings were kepi clesn =nd aseptice.

5+6 Observations made ,

The following obsorvebtions were recorded perlodically.
1. Number of days beken for greening
2. Germination perceatace

|
e Bumber of degys taken for first, second, third and fourth
leaf stage. |
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1

4, Plent height in 120 to 135 deys
5. Number of leaves in 120 %o 1% deys

6, Number of xoots in 120 %o 135 dgys

T« Root length in 120 to 135 days

8. Fresh and dry welght in 120 %o 135 days.

3. 7 Tissue oul-k__urek/ :
Tigsue culture shudies vere conducted with Glfferent
vegetative parts of four gpeclcs. The specles are Gymbidium
pendulum, Vendr keres, Dendroblun plegerdii end EpidSndrum
rpdicang. 'me_vegetative ports used were gpical ond axillary

bude, rocote emd off shootds

3.7« Zrevazstion of explsnt moterizl for ouwlburing
Cymbidivm pendulume BL

Young pseudobulbs emerging from the base of the old
plants were cut and reomoved, they were first vaoshed with waber
sdd. a few drops of detergent (Teepol)e The surface sheri~
lization ras done with % pexr cont sod:ium hypochlorite solutions
The leaf shenths enclosing the meristems were removed one by
ongs Removel of each sheathr was f£ollowed by a dip in lower
concentration of sodium hynochlorite. The concentrgbion was
gradually reduced and finnlly the meristems were waghed
'hh‘oroughly in sterile distilled water. The plant materisl
was then inomleted into the liquid medium selected for the
study. The media wes conkinuously agj.tated on a robary theker
at 160 rpms The liquid medium wes chenged afbor every iwo
monthae




Venda teres. Griff. ex Idl. 54

The top most 6 or 7 nodes were used for culturing. The
cylindrlcgl leaves were ocut ad vemoved and the stem sectlons
were surface sterilized with 5 pex cent sodium hypochlorite
solution for 5 to 15 minutes. The soctlons were then takm
out anl the leaf shegth covering the sxillery buds were removed
and sgain dipped in lower concentratiifon of sodium hypochlorite
( 3 and 1 per cent). Single node sections were cut to a
length of 1 to 2 centi meter and thoroughly washed in sherile
distilled vater and inoculabted onto the sslectisd medium. The
gpical meristems were slso used for culturing., The aerial
roots on the opposlte side of the axillary buds vere cut ab the

base znd removed before inoculation.

Dendrobium pierardil

The mabure stem before flowering was used fox
culture siudies. Only the top 5 to 6 axillary buds were used.
The leaves were first removed and the stem sections dipped in
Sodium hypochlorite solution ( 5 per cent) for 5 minutes. The
sections were then teken out mnd the leef eheath eurround ing
the exillary buds were peeled off and cut into single node
cuttings of 1 to 2 centi meter long. Single node sections
vere further sbterilized with lover concentrations of sodium
hypochlorite ( 5 amd 1 per cent) and finally washed thoroughly
in sterile distilled wagter =md ;,hen inoailated onto the mediume

Epidenirum madicons. Te _
The toi: 5 %o 6 buds vere used for culturing.

Leaves were removed and surface sterilized with sodium
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hypochlorite { 5 per cent) for 10 minutes. The axillary buds
vere removed, single nodem sections were further sterilized in
lovexr concentration of sodium hyﬁochloz:!.'ba ( 3 end 1 per oent)
and £inelly washod thoroughly in sterile disfilled water. Tl
axillary buds on the flowexr stells were also usede These buds
weze more developed then the axillary buds on the stem mnd
latexr develop to form keikis or offshoots.

5.7.2 Boot oulture

|
Root culture studies were conducted with Dendrobium
monchatum roots, The asrial roots half to one gentimeter
long weré surface sterilized with 1 per oent sodium hypoch—

lorite solution for & period of 10 mimutes, roots sheaths
!

were removed, and weshed thoroughly in sterile distilled watex
|

end inocalated on different mediae.

3eTe3 Gulﬁge gedig f% the studg

Three types of medis were prepared. A4 basal
I
liquid medium for callus initiation, a solid medium with
additives for cazllus proliferation and o solid medlum with

I
additives for differentiation of shoot znd root.
)

A liquid medlum Wes p:‘r:epared and poured into 150 ml
erlenmayer conical f£lasks (30 ml' in each). The flesks were
cloged with cotton plug =nd autoolam'ad a‘b 15 P31 for 20 minutes
end then ccoled. |

The explants were inoculated on the liquid medium
and the f1lasks wers kept on a ro-{:a::y cheker (BEEENVEE) and
agitated ot 160 rpm. -
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A 5011d mdium wes used for the proliferationof the
tiesue. Sufficiently grown tissue in the ligquid medium wes
sub=cultured in a polid medium containing other additives
for proliferation. A solid medla was prepared and filled in
200 x 25 mm culture tubes at the rate of 25 ml in each tube
end closed with @ sorew cgp and sterilized by amtoolaving ab
15 pel pressure for 20 minutess

A third type of so0lid medium with the sdditives : uere
prepared for differentlation of the cellus developed in the
liquid and solid mediume

3¢Te4 Sub~culturing for cgliung proliferasiion and differentiption

The cgllus proliferated on liquid mediui?reaﬂy for
sub~culiuring in about 2 to 3 months time., So0lid modium with
growth mbastances and other complex additives wgpeused for
differentiation. HAA at the rate of 1 ppm and coconut water
at 15 per cent were used glong vith the solid mediume

By using sterlle scalpel the callus tissue was cut
int small pieces. These smell pieces were teken oubt of the
£lask with a sterile forceps end put aseptically into the
tubes with polld media. The tubes wer;a kept in the culture
room under a light illumination of 600 lux for 12 hours a day
for differentintion into plantlets.

3¢7e5 Culture condition

The inoculatéd tubes were lebelled and arranged
in culture tube ramoks mnd placed in the oculiure room where the
light intensity wes malntained to 600 1lux. gza & temperature
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of 254C £ 20C, $he humidity vas mainteined st 60 to 0 per
k4 ’
cent and the culbure room was kept clean and aseptic.

%48 Obgexrvetiong recorded

|
The dats were collected on the following aespeois.
Meristem culiureg I
1e Number of days taken for swelling of the meristems
2+ Number of oultures which produoced cellus

3o Number of leaf and root primordia initigted gt monthly
intervals.

4e Height of plent =t 4 lesf stage
5. Green end dry veight

Hodal cultuze i

1. Numher of days taken for swelling of the nodes
2, Humber of explente which produced cellus oz plentlets

3« Number of leaf and root primordia produced gt monthly
intervala

4. Helght ot plmts at 4 loaf etage

Root culture
1. Roots extended et monthly intervals

2. Roots initizted callus
]
Je General growih end development

Fe9 Histochemical sindies

I% hes beon e orted by meny workers thet the
perenchymgl cells of {the protocoms ascecumulabed substzntial
quantities of carbohydrates (insoluble polysaccharides),
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insoluble proteins,RN4, DNA emd lipids, vhich dismppeared
gradually with the senescence of ihe perenchymatous region
(Ricardo and Alvarez, 1971). Various tissues from Blotililg
hyscinthing end Dend;obiugﬁnierggdig, were subjected to
histochemiogl studies to study the éh enges taking place at
difforent stages of plent developmnt. Callug obtalned from
aceds (PIB's), stems emd the Pgeudobulbs ot different stages
of growth {re;:e used for the stud?.

3.9¢1 Px: tion of plant mabterisl s for histochemicgl studiee

The tissue used for histochemliogl stulies were taken

from the developing seeds of Bletills hyacinthing end the
cgllus from the lateral buds of Depdrobium piergrdii . The

various cell components a{xd their variations at different
stages of development give a comprehensive amcount of

differentiation of tissues end orgens during plsnt development.

34942 Flent mgtorigl

The seeds, seed ogllus (Protocorm iike bodies(PIB's),
poeudobulbs md stem callus at various stages of develop;zc;t
were used for histochemicgl studies.

%903 K11 d fixin,

The materials were £ixed in a fixative after killing.
Two different types of fLixatives vere used during the present
studies . Formsldehyde, acetic acld, 2 nd othyl zlcohol(FAA) c i

Was: used a8 fixative for the materisls used for localising
insoluble Polysacchrrides, while Ceornoy's B fixative was used
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for the tissues used for localising insoluble proteins, DNA
and RNA. The composition of FAA and Carnoy's B are azs below:

EAA Camox—'s. B.
Ethyl alcohol ( 50 per cent)=50 ml  Ethyl sloohol — 60 ml
@lacial acetic acid ~5m  Chloroform =30 ml

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

The plant meterial was immersed for 24 hours in FPAA end washed
in 50 pexr cent glcohol and 1 hour in Carnoy's Solution B end
washed in 75 per cemt ethyl alcohol before ;ub;jecting ‘o
dehydration.

%+9.4 Dehydration

Ethyl alcohol and N.buienol were used for dehydration.
The plent mabteriels wers passed through 70, 80, 90, 95 per cent
alcohol end finally two chenges in absolute ethyl elcohol.
The materials were then chemnged to 331, 131 and 113 alcohol
butanol mixture- snd £finmlly two changes of pure butanol were
given. In each grade the materiels were kept £ a period
of 4 to & houra,

54945 Infiltrabion

A mixture of paraffin vwax and bee's wax (931) was
used both for infiltration and embedding: Thin peeiinga
of wax were put into the tubes contelning tissue md butenol.
The vax gredually éissolved in the bubenol +111 the solution
became saturated. These tubes containing the meterials and
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wax~butenol mixture wes poured off smd replaced with fresh
molten wax. This proodss wes repeated severdl time till butanol

was completely replaced with wax.

3»9.6 Bubedding

Pgper boat method was employed for embedding. Small
square paper boets were pleced on a glass plate kept over an
ice block., The molten wax and the plent maberisls were poured
into the boat snd a lsbel was fixed. The vwex Wwas allowed to
g0lidify by immensing the boat slowly in cold wabex.

3.9+7 Sectioning

The plant materisls arrangeiin the groups wexe out
into smell wax cubes of about one oenti meter size, .'I2

Section of 5 mM thickness were taken, ﬁo@mr’ma mlcrotome
end kept resdy for stalning.

3.10 gtaining

The sections wexe stained with the following staining
technilques.

1. Periodic acid schiff'g resgent method of stalning i .
insoluble polyseccha¥ride bodies.

ii. Mercuric tmromophenol blue method fox insolgble proteing.
11i. Feulgen staining for DNA containing bodies.

iv. Toludine blud method fox nudlein acids

Ve Suden IV test for lipids.
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3.10, 1 Poriodic acld skhiff's regaent method

The total insolublc polysaccharide distrilbution tas
studied by thie method using G.5 per cent HIO4 in distilled
vater a8 en oxidant. Periodic geid exposes gldehyfe groups
from the polysaccharides. These zldeéhyde groups with fuchsin

end sulphurous acid yields a typical magenta colour.

Breparation of gleing end shaining

Schiff's resgent wes prepared by mixing 1 g basic
fuchsin end 2 g potessium metabisulphite with 100 nl of
0.15 WHC1 in an air tight contained and the conients wers
aglitated repeatedly for 24 hours. A strev yellow coloured
solution was obtained. The solution vas furtier clesred by

edding 100 mg activabed chercosl and filtered after shaking.

The dlides containing the sechions vere depara=-
ffinised by pessing through 2 grades of xylol f{or a period
of 10 minutes eache The sections were hydrated stepwise by
pasging through butanol, elcohol, grades of alcohol (80, 70
and 50 per cent) ad vatexr by keeping in each grade for 5

4
ninutes.

The gliées were immersed in 1 per cent solubion
of perlodic acid at room tempersture for 15 minutes, wsshed
in rumning vabter for 10 nminutes =nd giained uith schiff's
resgent for 15 minutes st room {emperasture. Again the élides
vere ringed in vweter fox 10 minutes. The sections Were bleached

uith 2 per cent potessium metabisulphite for one minute to
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remove guperfiuous ceid snd rinsed in xunning watex for 10

minutes,

Ssctlone ware dehydraoted by pessing through diffexent
grudes of dleohol (50, 70, 80, 90, 95 pexr cent mnd absolute
alcohol, aleshol butanol mixtures (3:1, 1:1 and 1:3) end
finglly through btutenol. The sectlons vere further clcored by
pasaing through xylol end finglly wmounted in DEE.

3.10.3 Xodigo—Potgupivm Jodide {TET) tomt foxr sbtarcha

This nethod waa usced specifically to locate starch
bodies in the cells. The doparaffinised md hydrated sections
Wwere irmersed in IKT solution for 10 minutes and woshed mildly
and nounted in watex.

5+10.4 Moxcuxjc bromophenol biue method

The mercuric bromophenol blue method was used o
localise totd rwotelns in the celle (—

(___ _ __) o otein was prepered by dissolving 10 g

mercuric ehlarida md 500 ng bromophenol blue poider in 100 ml
of othemol. The Ceparafiiniscd slides wore kept in the stain
for 10 minuvtes. The =lides werc thon pzoged through acidified
watex, denydzated in alcohol=butonol cerdes, closred in zylol
and mounted in DPX,

3.10+5 Feylgen otgiging fox DNA

This nethol wes used %o localise DHA uslng the
clessical Feulgen »eaction. On hydxolysis wi.th norms)l HOL
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the purine containing fraction of DNA is separated _from the
sugar, unmasking the aldehyde groupe of the latler. Furiher
the expoged asldehyde groups ente;r into cambingbion with
fuchain sulphurous acid 4o yieldl. a typicel magenta oo loux.

The slidcs were deparaffinised brough+t upio alechol
level, coated with celloidin, end hydrated. The secvions
were hydrolysed in 5§ N HOL et room temperature for a pexriod
of 15 minutes. The dlides were washed thoroughly in running
water md stained with leucobasic fuchain for 10 minutes.
After bleachling with 2 per cent potassium mebabisulphite
they were washed in running watex, Sections were then dehy-

drated, cleared gnd mounted in DIX.

1
341046 Toludine blue method for DNA and RNS

The DA and RWA are loclzated by the use of toludine
blue with mercurin chloride ox pobagsium ilodide. The
nordented, dried dye yields a very intense colour staining
both the Yypes of nucle:l.9 acids. The mectilons wera deparaff-
inised, hydrated and iLmmersed J.jla. one per cent agueouag solution
of toludine blue {(pH 6.7 to 7.0) for 15 minutes. The
gliden vere Waghed in rumning w;.ter, dehydrsted, cleared in -

xyloland mounted in DPX end observed.

31047 Sudden ITT test for lipids

Vhole mounts of seeds wore used for stailning
the lipids. Seede woere spread on a Mlide with a drop of
gelatin end covered with cover slip, whlch wao pressed gently
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for proper spreading. The cover slip then removed carefully
and the seeds wers stained with & saturated slcoholic solution
of Suden III. Slides were washed inslchhol and mounted in

gycerine.

3.11 Zhotomicrogrgohy

Vgrious steges of developm}mt were photomlcrograghed
with the help of Olympus binoculer microscope md Olympus
camexra PM6. by using slow gpesed £ilm IX 5.

3.12 Cybological snalysis of 091llus culturocs

¥ell grovn fresh callus bodies were tazen out of
the flsoks and thoroughly vwashed in distilled water, the callus
as pretreated with 0.002 M 8 hydroxyquinoline for 2 to 3
hours at 14°C. After the pretreatment the callvs was fixed
in a mixture of 131:!&, chloroform, 95 per oent ethyl sicohol
and glacial acetic acid for 1 hour esnd mguasshed snd stained

in 1 per cent acetoorcein.

The actively deviding cells were scored for the
number of chromosomes at M} and behaviour at Al. A ninimum
of 25 cells Were scored in a slide to kmou ‘the percentage
of different chromosome numbexrs in different cells.

3.13 gtatisbtical emalysiyg

The results of the sxperimente were smalysed
statistically sfopting completely rendomised design a8
described by Sunderaraj gf gl.(1972). The experiments fox
stendardisation of media Wel‘(; replié:ated four {imes and a1l

the treatmenis were replicated three times.
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. CHAFIER IV I
BXPERIMENT AT, RESULIS !

The results of the experiments conducted are reported
in this chapter under three major heads.

4.1 Seed culture atudics
The effect of differont nutrient media on germination

end growth of seeds, mmd the effect of growth regulators end
other additives on growth of seedlings of different oxrchid
specles are reported in the folldwing peragrsphs.

44141 Soed structupe

The orchid seeds are minute weighing 0.3 to 14 ng.
The seedn of the selected ppecies for the experim nt varied in
size end structure. Bletillg hygcinthing end Epidendrum
radiogng have comparatively large seeds. \Vhile Dendzobiun
mogchatyn seeds are very small md the meed cogl is elmost
£i1led with embryo (Plate 2.1 to|5)-

441.2 Bletillg hysointhing

Hature seeds of Bletilig hygointhing from
undehinced capsulea were tested fox viebillity. About 83 per
cent of the seeds contained viable embryos and the remeiniyg
17 per cent were elther sterile or wiith undeveloped embryos.
Seeds were sown on different media (EKC, MS, VW, BN and NVW)
for standardising a sultable medium for germlaation and gr&wth.
The number of deys for greening and further growih were
recorded.(Table 6). The seeds took shortest period of seven

~



PLATE NQO. 26

Saed Stxpcture in diffovent ovchid spocicn
1. Dendrobiun moochatum
2, Yenda Coerulon
3. Lpidendwm padicsne

4+ Spathoglotils plicata

5. Blotllla hyoeinthing




PLATE-2



66

deys for greening in Vecin mnd ‘ent medium. This vas followed
by KG medium (9 days) and the longest time was ‘teken on BN
medium (14 dsys). !In;e seeds prior to germination imbibed water,
gwelled =md :Eorz;xed into a protocorm like bgdy (F1B) vhidy laoter
differentiated into shoot,z00t md pseudobulbs

The rate of leaf production was faster on Vecin and

Hent medise.

The grovth measwemnents of seedlings were recorded
(Table 6)s The seedling helight vas meximum on W media (4457
centi mei;ez:) g0 also the mean number of mots (2.41), £resh
and dry Weiéht end mean number of psevdobulbs (0.585 were
ma¥imum on V¥ medium. The mean number of leaves ve;:e maximum
on BN medimm(3.85) follovwed by MV medium (3.82). The zoot
length vas m;aximuri on MW medium {1.256 centi m;'i:er) folloved
by W medivm {1.24 centl meter). Based on the ghove vesults
Vacin mnd Lent media vas selee'bed es g baplc medium Hr further

gtudieosg.

Effect of prowth resulators and other sdditives

The treatments were spplied inidividusdlly =md alsgo
in combinetions, The individual {reatwents vowe IAL, NAA, IBA
and 2,4-D at 1, 3 218 5 ppm, G4 Oul, 0.3 and 0.5 ppm BA mnd
Kinetin 1, 3 and 5 ppm, Pyridoxin ad Thigmin 0.5, 1 and 3 ppm

Coconut waten and Benana pulp 10 and 15 per cent and control.

The results of the experiments are given in Table 8.

IAA at 211 3 levels were superior to control. Maximum plant
growth wes obtained at 3 ppm.
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Table 6. Bffect of different nutrient medin on seed germination
and subsequent grorth of Bletills hyacinthing seedlings

Nutrient medla No.of dayg taken fom

Green=- Firat Second Third  Fourth

ing leaf leaf leaf leef
Knudson C.(XC) 9 32 57 80 104
Hurashige-Skoog(Hs) 11 35 60 ) 116 |
Vacin and Vent(VV) 7 28 50 70 89 |
Burgeff N3F( BN 14 38 63 86 114
Modified ’
Vacin end Wonk (MVV) 12 33 56 79 104

Table 7. Bffect of nutrient medig on grovih =nd development
of Bletills hyscinthing seedlings

Futrient medlia HMeon Percen-

Plant Loaf Root Root Fresh Dy ®8°
height number number length whe w-b.

- . ow e o e - 2B oo =" o =CO o w O = - - -

Knudson C.(XC) 2:754 2,99 1.86 04649 41.78 2.98 7.13
Murashige~Skoog(MS) 2.534 3416  1.75 0841 63,63 3.88 6,09
Vacin end Vent{VV) 4.5T0 3455 2,41 1.240 88.79 5.50 6.19

Burgeff N3F(BN) 14961 385 1.64 0,985 46481 2.95 5430
Modiried Vacin and

Vent (IVV) 1.924 3.82 1,70 1.256 46450 3.00 6.45
F=Test *iE ## * ** * #
S-Emt 0.195 0.195 0.133 0,042 0.2£50.62
C.De 0460 0,301 0,409 0.130 0.743 1.91

* Significant et 0.05 *# gignificemt at 0.01 KNS Not significant
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NAA ot 3 levels produced better results. MeXimum plant
height (36,59 mm), leaf snd root number (3.86 md 1.41), xoot
length (.8.27 mm) mnd fresﬂaf}idzy weight were obtained with 1 ppm
NaA. NAA at 3 a.;zd 5 ppn produged nore callus along with few
pleintlefis IBA did not give any good results at all the 3 levels.

¥o plantlets were formed on tremtments with 2, 4-~D,
vwhile heavy callussing wes observed at all 3 levels and with
optimum at 1 ppm. Higher levels of 2, 4=D camsed blabkening
of the cellus bodies <followed by degeneration.

GA treatments at 0.1 mmd 0.5 ppm leovels were superior
40 control in characters like plant height (28.65 mm), leaf
number {3.0), root number (1.1}, root length (6.6 mm) =nd
green eand dry weight. BA at m"Ly level is not compar;.ble with
control. But kinetin at highex levels (3 and 5 ppm) were
slighily saperior in plant height, znd green and dry welght.
The best results were obiained with % pom kinetin on plant
height (15.67 mm), root number (0.52 mm), root length (1.42 mm)
ané gre;n and_dr_-;r welght. The leef number was maximum at 5 ppm
lovel (2.66 )e

Bffect of vitoming

Vitamina such ag nicotinic acid, pyrodoxin and
thiemin et a1l the three levels did not give any signlficent
results on growth md development of seedl ings.

Effect of additives

Coconut vater at 15 per cent was significently

superior to control. Treetment with 10 per cent akk was slightly



guperior to controle Maximum plent height (23.7/ -
loaf (3.27) md vooi {2.32) numbex, root length (5.87 mm)
and green md dry veight vas obtained on treatments with 15

per cent coconunt vater.

Tomato julce was treated z:rb 10 and 15 per cent lLevels.
The germination and initial development of seeds vere very poar
at all levelg. A1l seedlings were stout at the base and dis-
torted in a=ppesrance. However treatment with 10 per cent tomako
pulp was slighily superlor to control ia plant helght (14.75 mm),
leaf number (3.%6) ond green axd dry veight. ALl otkher treat— -

ments with tomabto Jjulce vere infericr to controle

Pregtment with banana pulp at both levels ( 10 and
15 per cen%) produced significantly supexior results in grovih
and developx;ent of seed ings. 3Banena pulp in the medium had
delayed germination for 7 to 10 days in both treatments, however,
the subseguent grouth md development was fasten. Treatment
with 15 per cent benana pulp hed produced meximum plent height
(41474 mm), root length (5.06 mm) and green end dry weight.
Addition of banana pulp 0 an ex{:en'l; of 10 per cent produced

more number of leaves (3.14) md roots {(1.2) compeared to control.

A treatment combinatlon ves made with the following
additives on bgslc mediume NAA 1 ppm + IA4 3 ppm + GA 3 ppm +
Coconut uater'%er cent ad banena pulp 15 per cente. The
combined effect of grouvth smietances with end rithout coconut

vater and banena pulp vere studied. The results are given in
(Table 9)



Table 8. Effect of individual treatments with different levels of grouth substances
end other gdditives on growth of Bletillg hygointhing seedlings
Treatments with — Mean Percentage
Vecin and Went Heisnt TNumber HNumber Root  Green Dry of dry
medig of of of leng-~ velght welght weight
plents leaves roots th
i - - mm mg ng
1 2 3 4 5 6 7 8
3 " 29075 3.0 1.4 5.0 12l50 0-74 5.92
5 14.84 2.38 0.66 4413  9.10 0.56 6.15
Naa 10 36,59 386 1041 8427 22,72 1.38 607
30 12,32 1.0 0.25 1.70 10.14 0.70 6490
50 10.25 1.40 0.75 1.50 13.12 0.75 572
IBA 10 11.74  2.10 0496 1.84 7.20 0460 6494
_ 3.m - 9437 1.80 1440 _ 2,35 13.70___ 0486 __ 625
5" 9,00 1.90 1433 2,50 12,96 0.80 6.05
2y4-D 1 n Produced only Cellus, nc plantlets
3" Good callussing at 1 ppm
5 e
GA 0.1 ppm 12,70  1.70 1.04 3.20 7465 0.47 6.14
0,3 " 28465 300 0.80 5.50 8.00 0.50 5.80
0.5 " 14.50 2.90 1-10 5.60 12.&) 0037 6!79

1

0L



contd.

1 2 3 4 5 6 7 8
BA 1 prm 8.20 1.47 1.20 1.70 11.04 0.75 6.80
3 PP 8.36 123 1.14 1.45 8433 0054 6-48
Kinetin 1 " 6.52 1.30 0.37 1.40 2.10 014 6.66
30 15.67 2.55 0.52 1.42 6.75 0.45 6.67
5 " 14.33 2.66 0.18 0.51 650 0.45 6.92
Nicotinic Acid
OOBPPHI 8.27 1.04 0.60 1.10 5-45 0.38 6097
1,0 % 9.11 1.15 0.32 1.34 6.95 0.52 6.47
3.0 " 10.71 1.70 0.85 2,20 7«40 0.51 6.89
Pyridoxin o - R - - .
0.5 " 11.62 1.52 0,68 0.723 780 0.49 6.28
1.0 ® 12. 71 2.10 1.04 0.54 8.45 0.55 6.5
3.0 ® 2.54 1.92 0.86 0.92 720 0445 625
Thismin 0.5 " 1027 2,20 3.34 1.20  T.15 0445 6429
1.0 " 8.01 1.85 0,52 0.77 6.65 0.40 6.01
3.0 6.90 1.76 0.85 0.25 525 0.35 b.66
Coconut wate:;
10% 15.31 2.34 0,28 1.68 6.00 0.40 6.66
15% 23. 77 3.27 2.32 5.84 16.87 1.15 6. 81

TL



1 2 3 4 5 6 7 8
Tomato juice
108 14.75 3.36 0.03 03 21.87 1.32 6.0%
15% T.24 2.38 0.84 1.44 T.85 0451 6.49
Bonegna Pulp
10% 35. T4 3e14 1.20 4.54 10.00 0.62 6420
155 41,74 2.5% 0.98 5.06 18.18 1.42 6.16
Control (Vi) 2.53 1.50 0.28 1.06 12.87 0.77 5.98
Tatesot L 23 LS * * Wik L 2]
S.Emt 1.99 0.243 0,273 0.927 1.248 0.0%
CeDe 6.149 0.672 0.843 2.854 34443 0.222

*Bignificent at 0.05
#28ignificent at 0.01
N8 Not significant

ol
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The sgeedlling grovth wes faster and quick banena pulp 15 per cent
and coconut water 15 per cemt was used elong with KA4A 1 ppm,
IAA 3 ppm znd GA 3 ppm. The plant height (47.25 mm), roco¥
number (2,60) and green =mé dry velght vere meximam with this
treatment. The leof number (3. 45) ad root length £9.15 mm)
were also maximum with tm eatment of Nat 1 ppn, however, all
the treaiments proved superior %0 control (individual treat-

ment of addliives).
4.1.5 Pagins wellichil

The gelf pollinatied flovers of Fhelus wellichii took

8 months for maturity. The mature capsules were 2.5 to 4
centineter long and 2 t0 3 centimewer thick znd contained

61 per cent viadble seeds. Mature seeds from undehisced cep=
suled vere sown on different medie (KC, 19, VWi, BN and MVU}.

The tine tearen for germination and grovth are given in Table.B.
In genergl the seed germingiion Vas very slow in FPhalug, cOn=
pexred %0 othexr species. Greening of the sceds were faster

on Vecin and Uent medium (4C days) followed by Xnwdson C

medium (5% days). Mureshige~Skoog medium ook maximum +ime

of 59 deys and in Burgeff NP seeds did not cerminate(Tsble 10).

The moximom rate of leaf production vam observed on
Vacin and Uent wedium folloved by nodified Vacin end Uend mediunme
Uhile it was very slovw on 3 mediunm. The growih measurements
of the seedlings heve varying reswlts on differont media(Table 11).
The meen height of seedlinge(12.70 mm),leef anmber (1.85),r00% ’



Pghle 9. Effect of grovih regulsiors and other additives in combingtion on
the grouth of Bleiilla hyscinthina seedlings

- —— —

Mean Percen-
Tregtment combina— == toge
%ions on Vacin and Flant Ieaf Root  Root Fresh ‘Dr¥ of dry
Went medium height Mo, o, leng- Weight wolght yweigh't

mn - - t%m mg mg

Iaa 5ppm 25.75 2440 1.37  5.41  14.50 0491 6.27
Naa 1 ppa 39470 3445 117 9.15 20.40 1.22 5.98
GA 0.5 ppm 26,90 2.75 .01 6.10 15. 40 0.93 6.04
Banana pulp 15% 40430 Fe 11 1.22 7.14 20,12 1.21 6.01
Coconmut vgter 15% 26.42 3e15 2.21 6.18 18.42 1.29 700
Vacin and Hent mediaz 1820 2.10 1.20 3.20 1G.70 0.56 6.16
IAA 3 ppmt+ NaA 1 ppmd 22,70 2.14 1.10 7.2 12,15 0.72 5.92
GA 0«3 ppm
Coconut water 15% +
I5A 3 ppm + KAA 1 ppme 3720 2.65 1.25 7«40 18.10 i.16 6.41
GA.3 ppm
Banana pulp 15% +
IAA 3 pPﬂH’ N.QA.’ ﬁppm + 39-10 3.15 2.10 6-50 19.10 1;25 6.54
GA 0«3 ppm
Coconut vater 15%+
banana pulp 155 +NAA
1 ppm + IAA 3 ppm+ 47 425 3042 2.60 T7.55 24.20 1.45 5.99
GA 0.3 ppm
F~-Test * HS rE £ R# ®
SeBrt 34546 0.351 0.125 0.705% 1.384 0.917
* Significaent at 0.05 % Fignificant at 0,01 NS Not significent

DL
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|
nunbors (0.96) ot length (0.75| mm) green snd dry welght vare
mximua on Vae;m and Went modium. ths wes closely folloved by
modified Vacin end vent medium. | Seeds cultured on Burgeff 21'3‘2

andium did not germinate oven afltez 4120 dayas of sowinge

Baged on the reasults, Va'lc:!.n md Yent mediimves
melected o8 o basic medium for f};rvher treatmento. Treaimenis
with growth regulators end other sdditives wore made individually
end in combingtions,

|

|
GfLoct o wih z Lo i

Individual treatments w:ere nafle Wth 3 levels each

(1, 3 cnd 5 ppm) of HAA, IAA, IBA and 2, 4=D. 3 levels of
gA ond BA (0).5,.1, 3 ppm) end ‘lﬁ per cent coconut water snd
benana pulp. The results are given ln Table 12. Grovth on
21d the 3 levels of LAl v%gg quite satiefectory. Plemt hoight
(25.57 mn), leaf numboxr (3.4), rloot length (0497 am) mé
green md-dry wolght vere zeoozded neximum with a t'.::eatment
of 5 ppa IAA. IBA &t higher 1evela (3 md 5 ppm) hed produced
promising results. IBA 1. ppm pmduoed moatly ca.uus and
fov plantlets, The plent heigh‘h (19476 mm), leaf numbex
(2.74). root number (1.74), root‘ length (0.95 om) end gresn
and dry weight Vers rocorded meximum on 5 ppm IB2. Growth
performance at different lovela of NAA were not significent.
Treatment with & fferent levels of 2, 4D, GA md BA did no%
produce mny scedling even snfter EI?.O dgysy Some of the tromimenta

produced very little cellus, dut no plentlota,,
|



| 76
!
Tgble 10. Bffect of nutrient media on seed germination and
~sproduction in Phaiuslwellichii seedlings
|

|

Sutrient media | Mean number of deys for
greening Ist' IInd IIIrd IVth
1ea:E| leaf leaf leaf

- eew mh w oam aw we ww B EA ma A Ae e re et Em e M Em e Am e wm o e o SN o e

Enudson 0 (¥C) 51 T4 .[ 106 124 152
Hurashige=-Skoog{is) 59 83 112 137 164
Vacin end Yent(Vi) 40 66 92 113 140
Burgef? NP (BN) No g?rmination
Modified Vaein agnd

Went (174) 48 72 | 102 118 145

|
i
|
I

[
Table 11+ Bffect of different nutrient media on growth
anl developmont of Phelus wellichii seecdlings
|

Hubrient medis Fiean : Percen=
deight Nuuber Humber Root Fresh Dxy . tage
of of Z len" whe wte dIy
plents leaves lroots gth welght
m - - nm mg mg
Kundson © 6.13 1.05 |0.72 0+55 5.21 0,31 5,95

Mureshige-Skoog 5.85 0473 (0042 0e21 4.13 0.24 5.81
Vaoin snd Went 12.70  1.85 0e96 0475 10,27 0.66 6.42

Burgeff N3F - - - - - - -
Mogifled I

azozdiutgt Vaein 45 27 1,24 0:82 0,63 7.26 0.47 6,47
P=Teat " e ok % £ 3 £z

BeEms 0.743 0.108 0,059 0.039 0,417 0.026¢

CeDs 2,290 0,352 0.184 0.119 1.285 0.082
*Jigniticantat *##  Significent ab N9 Hot significent

0.05 . 0.01
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Tregtment vith 15 ver cent banana pulp was superior
to control. Satlisfactoxy growih measurements were obtained
on plaumt height (12,70 mm), leaf number (2.46), root numbex
(1,02), root length (096), end green dry weight. Trestment
wlth is per cent coconut weter did not produce significant
results. However, the plant height end fresh and dry weight

were superior over conbtxol.

Comblngtion of trestments vere £ixed based on the
promising results obbtelned with individual treatment of
growth substances end other gdditives. A combination of
growth substances, IAA 5 ppm end IBA 5 ppm were used with
end without coconut, water (15 psr cent W.TV) md banane pulp
{ 15 per cent). The treatment =nd its effect are given in
Pable 13, '.Eh; treatment conbinations were compared with
individual tweatments.

Grovth reguletors with bmmena pulp {15 per cent)
produced meXimum plant height (22.20 mm) and fresh gnd a::y
weight. Combingtion of all the 4 addditives recorded plani
height (20 mm} and fresh and dry weight (17.11/1.13 mg),
vhich is closely folloved by the above t:ceatmen'b.

25t
Root numbexr wag g&ﬁm wiith benana pulp aione
(1+26) followed by IAA 5 pom (1.25).

Root length ves maximum with banana pulp (1.21 mm)
md vhick is followsd by grovth substances with banma pulf)
{1.05 mm).
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Teble 12: Effect of individugl trea!tment of growth regulators
end other additives on gmth md development of

Phaing Wegllichil

Treatments with

Mean

Vecin and VWent mm
basle media hei= num= num_ len= VWel= wel-

ght

NaA 1 ppm 759
Nas 3 ppm 547
Nar 5 ppm 9.76
IBA 1 Ppo T«59

IBA 3 ppm 16.40
IBA 5 ppm 19.75
2'4"1) 1:3 end
5 »pm

GA 0u5;1 end 3
ppm

BA 0.5,1 and 3
Ppm

Coconut water 9496
15%

Besnana pulp 15% 12.70

Controd (W) 6432
F-test %t

S—Emi- 1.35
C.D. 4.18

No germinztion

ber ber gth ght

;o o~ omm mg

2.40 1.20 0487 12,30
2.69 1.07 0.83 11.70
3.40 1.3 0,97 17.40
2.87 147 0.52 4418
1.95 0475 04T JFel2
2,20 1.32 0.84  5.40
1.24 0.60 0.23  3.20
2,40 1.25 0.75  9.11
2.74 1.74 0.95 14,21

1,04 1.12 0.8 11,70

2,46 1.02 0\-95 13.20

1.45 1.26 0.93 92.25
i ok *

0.162 0.144 0|.118

0.501 044785 04,363

ghs

0.70

0-86
0.54

NS

Porcenw
tage of

dry
welght

5.98

6.51
583

NS

* Significent at 0.05

#* Simificat et C.Of

i
|

N3 Yot signifie
cant
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3. Spathoslottis plicats (BIL)

Haoture sgeeds of Spathoglottis plicata were sotn on
different medip {EC, M3, VU, BN and MVU) for stendardisation
of the medlan. The nunber of doys token for greewing, germination
end furthor development weve recorded (Table 14) (Plate 3.1).
The damte indicated that, repid seed germination is with HS
medium (19 dgys) followed by XC medium (19.3 days}. All the
other 5 media ’«'.‘.(’Jok more than 3 weeks for greening. The embryo
gt thls stage imbibe water and nutridmts from the medlum,
enlarge and breack open the geed coat.Initially they twrn dark
brown end labter turns to green snd forms protocorm like bodies
(PIBs). This in turn produces shoot gpex and grow into a
plantlet with leaves end pseudobulbs.

The rate of leafl production was maximum on MS medium,
followed by modified Vacin and Vent medium and Knudson € medium.
Other tvwo medig had tsken moxre number of days for leaf pro—
ductione The data also indicate that, with modified Vacin gnd
Yent medium there is growth suppression st germinsztion level,
but later vhen the seeds germinated the rate of leaf production

was moxre fast.

The grovth measurements of the seedlings recorded
indicate varyirg response in different medla. The moen seedling
heigh% was maXimum vith basic IS medivm (5.57 cm). whereas
the plant height on all the other media were below 3.1 centi
meter. The leaf number vas also more uvith MS medium (5.5)

followed by Vacin and Went medium (5.07). The root numbez
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Secd Culinre gtudies
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PMant holght mmd grovih of Spathoslottieg plicglg
23 influenced by auxing and bmena pulp in
the medlum.






Tebls 13. Bffect of treatment combinzations uith growth regulators and
other additives on growth smd development of Fhaoiusg wsllichii

seedlings
greatment combing=- Heen .:ercen -
ions oa Vacin snd . age
Pilant Legf Root Root Fresh Dry
Vient medigm heignt  No.  No. leng- velght welght goi %Y
th
» = - mn mg ng
IAa 5 ppm 19.70 Fe30 1.25 0.8 16.46 1.07 6.50
IBA 5 ppm 16475 2433 1.46 0.68 9.45 0.58 6.13
Coconut water 15% 11.33 1.15 0.86 0,76 9.35 0.57 6.09
IAAS ppm +IBA 5 pym 15.21 2.11 1.67 0.73 8.24 0.52 6.31
IAA 5 ppm +IBA 5 ppm .
4 .'Banana pulp 15% 22.4) 3.25 1.30 1.05 19045 ——1 030 6.68
IAA S5 ppm +IBA 5 ppm
+ Coeonut weter 15% 12,23 1.70 0.76 0460 8.30 0.5  6.14
IAA 5 ppm +IBA 5¥pm
+ Bsnana pulp 15%
T-Tegt e % * NS £33 £33
C.D. 3.87  0.650  0.449 0.420 5,990 0.402
® Significant at 0.05 *% Significent at 0.01 IS Not significant

P AN

08
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inereased in modified Vaoin gnd Went medium (4.41%), but the
root length was more with MS medinm (14.0 centi meter). The
green smd dry welght was also meximun with M3 medium (Teble 15).

Begsed on these results M8 medilives used as a besio
medium for further treatment. The treaitments were applied
individually and in combinations (IaA, NAA, J}BA end 2,4-D at
1,3 and 5 ppm, GA 2ad BA at 0.5, 1 and 3 ppm, Coconut veter
end Banana pulp 15 per cent).

Among the auxins NAA at |1 ppm level had produced
maximum plant height (4.89 centl meter), followed by IBA at
S ppm (3.88 centi meter) and IAA @b 1 i)pm (347 centli meter).
A1l the other treetments with different level of emxins wWere
inferior to control (Table 16).

Treatments with 2, 4-D at all the three levels induced
excellent callus growth. 7The rdbe of cgllussing was more at
1 end 3 ppm levels. At 5 ppm lsvel severe blackening of the
tissues were noticed. NAA et 5 ppm also produced good amount
of callug dlong with few numbsr of seedlings.

Hore number of leaves wére produced with 5 ppm IBA,
fTolloved by 1 ppm NAA. IAA at two lovels ( 1 amd 5 ppm )
produced moxe number of leaves then control. All other ’
tregtmonts were inferior to control. Maximum nmumber of roots
were produced with 1 ppm NAA (1.85), followed by NAA 3 ard 5 ppm

(1.52 and 1.21 numbers respectively) end IBA 3 ppm (1.14).
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Tahle 14. Bffect of different nutrient media on germination
and leaf production in Spathoglottls plicats

Nutrient medig Numbeyx Production of leaves
of daym Ist IInd IIIrd IVth
greening leaf legf leaf leaf
Enudeon ¢ (EC) 19.3 42 78 105 133
Murashige-Skoog (1S) 19.0 40 65 87 116
Vacin znd ¥ent (VW) 2345 68 98 126 154
Burgeff N3F(:BN) 22,5 87 89 116 168
Modified Vacin and
Vent (1VH) 25.0 58 84 110 131

Tghle 15. BEffect of different nutrient media on growth and
development of Spathoglottig plicats seedlings

Mean Peorcenw
Nutrient medla  pyrow—Tsar Hoor oot  Fresh Doy tege
hei- To. Ho. len= wte wte of
ght gth dry
Knudson C(EC) 3.02 4.5 2.30 45,50 59.0 3,60 6.10

lg;:g?shige-Skoog 5457 545 3,50  60.40 140.0 9.30  6.60

1{%33.11 snd Went 1.78 3.3 1.52 13.50 52.4 3,28 6.25

Burgeff N3F(BN) 2,71 4.4 1.50 16.66 40.7 2.50 6.14

Modified
agdwegt ‘(rﬁgvj&x)l 2,70 5.07 4.41  41.20 55.1 3.66 6.64

F-Tegt - * *¥ wr A *# 2
S-Emg 2.22  0.349 0.281 2.746 3.924 0.32
C.D. 0.685 0.766 0.867 7T.342 12.091 0.986

** Jigpnificent at 0.01



Table 16. Effect of different growth regulators and sdditives on growth of
Spathoglottis plicata seedlings

Treatments with

M9 medium

NAA
IBa

-IBA -
IBA
2,4-D
2,4-D
2,4=-B

as
4

prm
.ppm-
bpm
bpm
ppm
bpm
0.5"

1 pdm

TV = U U = T\ = T U] =

5 ppm

Means
Height No.o? No.of Root Fresh  Dry
of plents leaves roota length ut. wke
Cm - - Onm mg mg
2 3 4 5 6 T
3.47 S 94 0.84 0.53 25.00 1.7T10
2,73 3445 0.47 0.32 25.45 1.860
2.61 3. 90 0.16 0.22 21.69 1.475
4.89 4.00 1.85 1.42 24,00 1.632
303 J3e53 153 1.40 17.00 1.190
2.67 360 1.21 1.35 17.6C 1.214
2.39 3464 0.54 0.29 15.00 1.056
-3.42- - — -3.88 1.14 -0.81 47.00 3,055
3.88 4.18 0.98 0.99 61.81 3860
No grovth=-callussing moderate
=30~ Good callussing
~dlo=~ Callus blackened
3.22 3.21 1.74 1.730 28.10 1.854
3.46 3.01 3.00 2.47 31.60 2,085
2.21 2,90 0.70 0.47 14.70 0.985

6.59
6.60

6.70

£¥



3t

contde

1 2 3 4 5 6 i 8
Ba 0.5 ppm 2.27 %490 1.20 1,63 13.20 0.871 6460
BA 1.0 ppm Hoderately oallussed no growth
Ba 3.0 prm wdg=
Banwna pulp 15% 4,05 3.54 1.56 1.22 30.26 2.320 7.06
Coconut wator 158  3.87 e 62 1.20 1.07 25.10 1.681 6.68
Contzol(1s) 3438 3.66 0.85 0.57 27.27 1.840 6.74
F-Test % RE *h *% #*R ¥
S-Emt 0.239 0.485 0.129 0.112 2,48 0.740
D, 0.736 _1.492  0,%98 0.346 ___  _3.411 _0.484

#* Gignificant at 0.01
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Mexlmm root lengih was nodiced with 1 ppm. NAA (1.42 cen—
timeter) folloved by 3 ppm (i.4 centi metor) and 5 ppm (1.35
centi mober) NAA and 5 and 3 pom (0.99 centl meter and 0.81
centl me'l:erSIBA. Other treatments were inferior o control.

»

The fresh and Q:m velght were meximum with 5 ppm IBA
follovwed by 3 ppn IBA. A1)l the other treatmends had lover
fresh =d dry wvelght compzred Yo controle.

Treatments with three levels of GA did not produce
eny slgnificent difference in plent height or leaf number. Bub
& pignificent differonce was noticed in root number (3) and
root length (2.04 centi meter) (Deble 15). Treatment vith
BA &t &l the three levels wez-:e inferior to control, howvever

they formed moderate ogllus instead of producing plentlets.

Treatments with 15 per oent bemena pulp produced moxe
plant height (4.053 centi meter), xoot numbers (1.56) md roo0t
length (12225 centi meter), compared so conirols The fresh and

dry veight was also moxe compzred % control (Table 15).

~

Treatment with coconut water {15 per cent) zlso produced
increaged plent height (38.74 centi metex), root number (1.2)
axd 200% length (1.07 cemsl metex). However the fresh and dzgr

velight were inferior %o control.

The combined effect of auxins with e without benmsa
bulp ond coconut water vere atgc gtudied (Table 317). MS media
with coconut weter gt all the levels with 3 au:d.nsﬂproduced .
naximum plant height (11.06 centi metexr) end leaf number (2.96).

-



Psble 17.

Effect of diffexrent growth regulators and other additives in combination
on grovth of Spathoglottis plicats seedlings

Preatment combing=—
tions on
NS medium

¥aa 1 prm
IAA 1 opm
IBA S ppm
NAA 1ppm +14ah 1ppm
+ IBA %ppm

Coconut water 15%+
TAA Yppm+IAA ippm 4+
IBA Sppm

Benana pulp 5%+
NAA and IAA 1 ppm
+ IBA Sppm

Banana polp 15%+
Coconut waber 15%+
NaA and I4A 1 ppm
+ IBA Sppm

Coconut vater 15%
Benana pulp 15%
F=Tost

S-Ent

CoD

Hean Porcen—-
Plont Leat Root Root Fregh 52 tage of
height No. Ho. leng- weight woight dry
th velght
cm - - om mg ng
6.475 2.32 261t 2.27 32.1 217 6476
5.865 2.10 1.16 1.91 29.7 1.85 6422
6.251 2.25 2. 40 3.10 39.3 2.78 T.00
T.728 2.92 2,84 3.27 T2e3 4478 6.56
6.108 2,96 2.23 3e32 30.5 1.95 6.39
8.660 2,65 RT3 2.24 36,7 2.51 6.29
11.430 2484 3444 2.17 81.40 5.02 6.18
5470 1.86 1.14 1.98 19.41 117 6.02
1070 2.63 2.52 2444 26.7%1 1.7 6449
*& i e #-t * *
0.859 0,158 0.%40 0175
2. 649 0.489 1.049 0.540

#g8ignificent at 0.05

®% Slgnificant al 0.01

98



87

Wheress the same mediun with bensna pulp produced more nunber
of roots (3.56). (Plate 3.2), root length (4.25 centi meter},
fresh velght (89 mg) end dry weight (6.13 mg).

A combination of ell the growth substances had results
on par vith individuzl treatments. A trembment with coconut
vater and grouth substances produced resulis identical to
individual treatments. The combined eoffeckt of henana pulp
with growvth substances had also given promising results
(Flate 3.3).

4.1.5 Dendrobium mogchaium

The seeds were sown in differvent medis for stend-
srdisations The percentage ¢f germinabion was high on
!Murashige=skoog medium (83 per zemt) followed by Burgeff N3F
{77 per cent) Knudson C {74 pex cei:zt), Vacin and Uent
(72.5 pex cent) end modified Vacin and Uent (68 pexr cent).

The germingtion was faster on Burgeff N3F medium,
followed by MS mediume. The rate of leaf wroduction wes dlso
faster with Burgeff N3F mediumn, which was closely folloved
by M3 medium. Very slow raite of leaf fgeduction was observed
with Knudson C and Vacin and Vent medium {Table 18.)

The Burgeff N31=‘ medium wes used o8 the basic
medivm for the experiments zlong with additives. Individual
treatments were goplied at 3 levels of Ias, NAA, IBA end
2,4-D (1, 3 md 5 ppm each), G4 md BA (0.1, 1 and 3 ppm),

Coconut water 15 per cent and Banane pulp 15 per cent. The
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Table 18. Effect of different nuirient media on germination
end leaf production in Dendrobium mogchatum

Hutrient media Mean number of days for

greening Ist ITnd IIIxd IVth
leaf Jeof leaf leaf

Knudson C(X0) 1645 42,6 60,50 T9e50 -
Mureshige~Skoog(MS)  20.0 47.25 70.20 90.25 -
Yacin and Went (Vi) 25,5 55,30 75,20 96.20 -
Bungeff HoF (BW) 12.5 33,50  51.25  T0.%0 -
HoarriagyVeeln and - 27,0 57.50 75.80 9%.25 -

Table 19, Effect of different mecia on growth and develogneny
of Dendrobivu mosshs bum seedlings

Hutzient medis Heam Eerggg-
Plent Teaf Root Root Fresh Dry ofgé
height Ho. No. long- wWeight we:i.—-d

th,

&Y el

- o — e - R L e e SR Ay g T
Enudson ¢ (XC) 6.13 2,05 - - 0.55 0.039 6.00

r€§zs§shige-5koog 12.75 2.37 - - 122 0.070 5.73

'{‘?‘cs.n and Went 347 1.07 - - 0.25 0.015 6.00

Burgeff H3F(BN) 14475 2,42 0440 0.05 175 0.113 G.45

Modified Vaein

El'ld Went(MVWl) 7.75 1-15 0015 - o-68 0.042 6-17

P-Tesst ’ sk ~x o *

8.Emt 0,613 0.153 - - 0.227 0.004

C.D. 1.88 0.472 0.685 0.01%

*Milgnificant at 0.05 ¥ Gimificaat at .01
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Bffect of treaptments are given in (Table 20). The plant height,
leaf number, root number and root length weie glgnificently high
with a treatment of IAA, GA, banama pulp and oooonut wabexr.
Masimim plant height (32.7 mm) Was obtained on Burgeff N3F medium
with 1 ppm GA folloved by banma pulp {32. 21 mn), Coconut

vater (29.350 mm) and IAhe 1 phm (28443 mm). Other trestments

ware m;t slgnificantly superiox.

. The leaf number was maxlmun on nediur witkh banena pulp
(5.3) followed by IAh 1 ppm (3.31), GA 1 pom (3.1) znd cooconut
vater 15 per cent (2.96). Root production a8 hiéh with IAA,
GAS’ banang end coconut water. Maximum root number end root
grovth was noticed on medium with benene pulp (1.77 nos/0.14 mm),
folloved by GA3 1 ppm end coconut wetexr.

The fresh and dry welght vere maximam on medin wif;l}
banem pulp (2-45/0_-159 mg), followed by coconut water (1ﬁ3/
0.197 ng) end G4y 1.0 ppm (1.45/0.089 mg) (Teble 20).

:Banax_za pulp induoed stout, healthy seedlinge with
derk green foliage, vhereas only coconut water induced pale
end thin seedlings. NAA and IBA at 3 levels did not glve
any significant resulis. 2, 4~D at ell the 3 levels did not
produce scedlings, but mroduced few number of callil which
later became black.e BA at all the 3 levels resulted in very

poor grovwihe

Begsed on the zbowe results a combinaztion of treaztments
vere fixed and spplied with =nd without cocomut water emd banana

pulp. The iresiment combination of Iaa 1 ppm, GA 1 ppm; banana
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pulp 15 per cent and coconut water 15 per cent vere made. A sig-
nificently high rete of growth md development was obltained with a
combingtlon of TAA 1 ppm GA 1 ppm =xid bensne pulp 15 per cent.
Nome of itue other trestments were significantly supcrior fo indi=
vidugl tregtmenis. However, a treatment combination of £l the
four zidrvives ngofd given heglihy seedlings with dark green foliege
{Pable 2%).

-

4,16 ZEpidendrun radicme

_ The flowers of Epidendrum radicens vere selfed., The
cgpsules wook 55 o 60 deys for melurity. The mabture seeds fron
undehigced copsules were sown on different medisz for standardisation.
The highest percentage of germinstidn was obtained with Vacin
end Vent pedium (79 per cen’) folloved by modified Vacin end
Yent medium (72 per cent), MS mediun (68 per cen%t), Knudson ¢ medium

(61 per cent) and Burgef?f N3F medive (58 per centj.

The number of days teken foxr greening, md leaf production
were recorded (Teble 22). The shortest period taken for greening
was with Vacin mé Vent medium (17 days), folloued by EC medium
{19 days) =nd MS mediuvm (21 days). The other twvo medis took the
maXi mamn ;;'.lme {24 dgys) for germi.;zation. The rate of leoaf preduction
rocorded vas maximum on modified Vacin mmd Went mediwa, followed
by Vacin end Uent medrume. Hovever, the germination and initisal
development of leaf on modified Vacin amd Yent medium vas slow
compared 0 plamsg cn Vacin and Yent medium. The rate of leaf

development on other 5 media were very slow.




PLATE HO. 4

1.

2e

geed Cullture Shtudieg

Bffect of @A, NAA and coconut vater on plont
height in Yandp caeruica

Bifect of benena pulp on growth md development
i

of Vanda coerulea seadlings.
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Tabls 20,

Effect of different growih regulators and other additives
on the growth of Dendrobium moschatum seedlings

Treatments with

Sumgeat s ®

- —1 —————————
TAA 1 ppm
IAL 3 ppm
IrA S ppm
NaA 1 pprm
Nza 3 ppm
Raa 5 ppm
IBA 1 ppm
IBA B=ppm
IBa 5 ppm
2,4=D 1,3 and 5ppm
GA3 0.1 pom

GA3 1.00ppa

GA3 5.0 ppm

Mesn
Plent Teagf? Root Roat
height Ho. No. length
om - - m
S-S NN - SN S

11.70 2.21 - -
15.40 2.17 - -
12035 1040 - -
10.32 1.13 - -
18.24 110 - -
16.11 0.96 - -

No germination end growih
26.35 2,64 0.86 0.02
3270 3.10 1.42 0,05

20.20 2.25 0.33 0,02

Fresh
waight welght
ng g
-l Tl
1.27 0.082
0.93 0.057
0.87 0.055
0.65 0,039
0.67 0,042
Oe42 0.024
0.62 0.018
0655 Qe041
0.63 0.040
1.17 0.071
1.45 0.089
0.76 0,045

Por=
con~
+age

wt.

6.45
6.13
6.32
6.00
6426
5.71
6.12
Ta45
6e35

6.07
6,14

5.92



GULUWe

1 2 3 4
BA 0.1 ppm 9.40 1.02 -
BA 1 ppm 8475 0.79 -
BA 3 ppm 8.00 Q.85 -
Coconut water 15% 29.30 2.96 1.05
Bznana pulp 158 32.21 5e30 1.77
Control (BH) 20.70 2,15 0.82
F-Togt 5 T s *%
S~But 2,255 0.210 -
CoDe 6_095 0.649 -

¥ gignificent st 0.01



Table 21. BEffect of different growth regulawrs and other additives in
comblnation on grouth end developuent of Dendrobium moschabum

seedlings

Treatment combing- _ Meang E ez geg;

tion with Burgeff Plent Ieaf  Root  Root Trosh Dry dig

N ¥ medium heighi Ho. No. length veight wei- eg o
gt v

rm - - m ng mz

1A4 1 ppm 28,17  2.74 0494  0.04 0.85 0.05 5,88

G‘A3 1 Pp@ 29042 2.55 0085 0.03 0.92 0006 6. 52

Coconut vater 15% 22.25 Tedd 0,60 0.01 C.63 0.03 5.87

IaA TopmeGAgipom . 26026 1433 Q.97 Q.06 0.62 0403 5.97 _
Ian tppmt@Azipomt 35,46 3435 155  0.19 2,26 0.14 5.38

Benens pulp 15%

Ian 1ppmGAgppm +
Coconut vater 15%

24450 1.47 0.65 0.08 0478 0,05 641

Thh ibpme SMIPIDY 50075 2,67 1.4 0.4 1445 0.09 6,20
Banana pulp 15%

FP-test ¥ e X L e x4

G-Dt 6.387 0.448 0@321 - - -

¥*Fignifioant at 0.01




94

The growth measurement 0t the seedlingsvere reconrded.
The height of the seedilngs were maXimum on Vacin snd Hent
nedium (44.3 mm}ivhich was lmmediately followed by modified
Vacin end Vent medium (38.21 mm). The meXimum leaf number vas
recorded on modified Vacin and Went medium (4.36) folloued by
Vacin and Vent medium (4.20). Root number was more on Veoin
and Went medlium {2.48) followed by modified Vacin snd Went
medinm (2.12). But root length Was moxe on Vacin end Hent
medium (21.26 mm). The green and dry weight wes aleo move with

Vacin md ¥Went medium.

The Vacin end Uent medium was selected pn the basic
nediun for further treatments. Individusl treatmsuts with Na4,
IprA, IBA, 2,4=D, GA gnd BA 2t 9§ levels and beneone pulp and
coconut water at 15 per cent were gpplied. The resulis are
given in 'Table 24.. The growith vas not satisfoctory ab dll
the thres levels n:} IiA. Treatzment with 3 ppm IAA was alightly
better than others end wes on par with control. NA4 at lawer
levela (1 and 3 ppm) produced expellent growth (Plate Be1,2)s
Maximum»gmwth weas <;baerveél with 1 ppm N2A. At 3 ppm the g;:cmth
of plantlets were reduced smd the =mount of csllus incrozged.
Callussing was further increased at 5 ppm level (Plate 583).

It ves found thet higher concentzation of NAA induces only
cellussing. The growih of seedlings with 1 ppm 2,4=D was on
paxr with control, but the root fdmabtion was poor. H:f.gher levels
of 2,4~D induced only callus and no plesntlets. IBA at ell the
3 levels produced saflsfactory growih. Meximum growth was



PLATE Noeb

Lffect of ouxing on growth md developnent
of Evlidendyum xrpdlomms seedlings

1. Tmoatment outh HAA, 1 ppmb

2 Tregtment with WaA, 3 ppm choving collus
initiabtion

3. Trcaotoent ity HAA 8§ ppm showing callus
formation.
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Ty,ble 22. Bffect of different media on seed germination
and leaf production in Epidendrum radicang

e}

i

Hutrient mediag Mean number of days fox
greening Ist' IInd IIIxd IVin
leaf: leaf 1leaf leaf

W s W s mn em S G el e am W e SN s W N6 WA SR Mk et T We Gm TE em s =

Enudson C(RC) 19 48 83 115 144
Mureshige~Skoog(.18) 21 54 82 110 142
Vacin and Went (VU) 17 %9 65 93 125
Burgoff W,F (Br) 24 44! 79 10 148
Modified Vecin and

Went (MVW) 24 48 | 70 82 119

Table 23, EBifect of different nutrient media on grovwth

end developmeat of Epldendrum rpdiosng seedlings

o _liean Pox=
Fatriont media Timt  Teaf | W0o% Hoot  Fresh cen=
hei gh‘h Ko. No. leng- wt. whe tage

- - th of

m | mm g D8 gny
e e e e e e e e m e e e e — - s _
Enudson C(EC) 32.10 3.12 1.60 10.20 14.21 0.87 6.12

Murashige=Skoog{I18) 34.27 3,60 ' 1,01 13.27 17.46 1.11 6.35
Vacin and Went(V¥) 44.30 4,20 | 2.48 21.20 22.46 2.15 6.3

Burgeff ¥,T (BN) 26.17  2.18 1,87 8.26 B.29 0.51 6.15
%Zi%f%ﬁ%ﬁam md 35,21 4.36 2.12 12,85 19.06 1.22 6.40
F=-Pegt L33 e *R L2 3 *%
S-Brzk 1.916 0.153 0.13t 2.460 0.925 0.078
¢.D. 5.905 0.472 0.40> 1.744 2.830 0.241

*% Bignificant at 0.01



Table 24.

Effect of individusl treatment of growth regulators emd other

addir tivies on growth and development of Epidendrum nedicans

seedlings

Percen—

Tregtments with Fogn
Vacin and Went Jlelight of Number Number of Root Fresh
nedium plents of xoots leng=  whe
legves th
nm - - mm ng

1 2 3 4 5 6
I 1 ppm Te40 2.15 0.60 2.40 1.40
IAA 3 ppn 1%.40 2.80 0.76 2465 T.19
14A 5 ppm 9.11 2032 O.22 1.22 2,70
NAaA 1 ppm 54,00 4,92 3646 40,60 22,11
Raa 3 rrm 43.16 4.07 2.20 28.30 19.22
NAA S ppm Heavily cellused. Only 2-3 geedlings produced.
IBA 1 ppm 16.%0 3.10 2,70 22.16 6.31
iBa 3 ppmm 47.60 4.10 300 34.50 20425
iBA 5 »pm 40.25 3455 2440 36425 18.70
294~D 1 ppm 11.20 2,40 0.15 0.21 4.20
2y 4=D 3 ppm No plantlets produced,only darkensd callus.
2,4~D 5 ppm No plantlets produced,very heavy cellussing

tage
XY of ary
. weight

ng

7 8
0.085 6.07
0.44 6.11
0.18 6.66
1.43 6.46
1.22 6¢34
0.39 6.18
1.31 6.47
1.19 6.36
0.25 9%

[da)
T



1 2 3 4 5 [ 7 8
6&3 0.1 ppm 13.20 2.30 1.05 2.75 527 0432 6.07
Ghig 1.0 ppm 8440 2440 1.60 2.63 2.1 0.13 6.16
Ba Q«1 vpm Ho plantlets produced,only sreening FiB's.

Ba 1.0 pom " -

BA 3.0 ppm b

Benansa pulp 15% 42.40 2760~ 3.3 36.47 18495 1.26 6.54
Cceonut vaser 15% 35.20 Fe28 2,56 31440 16470 1.06 6434
Control (VW) 12.70 264 1.80 3450 4e32 0.26 6401
Fwtagh *% *% Hoh % »¥ ¥

S-Emg 5,96 0.256  0.196  2.43 - -

G.D. 11.80 0.765 0,536 Te45

W& Jismificant at 0,01

LB
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obtained gt 3 and 5 ppm. Trestments wath 1 ppm IBA Va8 on pax
with the controle. GA at three levels produced very poor growih.
BA et all levels induced no growth et dlle

Phe plant height vwes maXimum vith 1 ppm HAA {54 mm)
followed by 3 ppm IBA (47.6 mm)s 3 ppm NAA (43.16 mm), bensnae
pulp (42,4 un), 5 ppm IBa (40.25 } amd coconut waterﬁ(36.20).
No s:lgnifiaan:b results were obtained with othexr trea’cmenta.r
Number of leeves were more with 1 ppm Nas (4.92) followed by
IBA 3 pem (4.1), NAS 3 ppm (4.07), bensna pulp (3.76), IBA
5 ppm (3.55) and cocomut weber (3.28)e Meximum number of Toots
vere obtained with 1 ppm HaA (3.46) follovwed by banana pulp
(3.30) nd IBA 3 ppm (3.0). Other treatments were not signi-
fican':‘;ly superior. Narimum roof length was obtained with 1 ppm
NaA (40460 mm) folloved by banena pulp (36.47 mm), IBA 5 ppm
{36,256 mm}, IBA 3 ppm (%4.50 nm) and coconut vetexn (314 mn),
Naa =% 3 ilpm and IBA st 1 ppm slgo produced satisfactory gr(_mth
of reota. Green gnd dry welght were recorded maximum with
1 ppm Xaa followed by 3 ppm IBA, 3¢ bemenz pulp, IBA 5 ppm
and coconut watex.

A combinalion of treatmenis were spylied to the bagio
medda and the germingted seeds vere subeultured. The individual
tregtment with NAA 1 ppm, IBA 3 ppm, banmme pulp snd coconut
water p::oduce(} maxlamum grouth offectis. The auzins vers
combiped and used with and without beanane pulp =md coconud
vater. The results are given in Teble 25,.




Teble 25-

Effect of grovwth regulatora and other additives in combination

on grovth md development of Epidermdrum radicsng seedlings

Treatment combina-
tion with Basic

medium (Vi)
HaA 1ppm
IEA 3 vpm

Banana pulp 15%

Coconut water 15%
NAA Yppm +IBA 3 ppm
Coconut vater 15% +
NAA 1ppm +IBA 3Sppm

Banange pulp 15% +
WAA Yppm+ IBA 3 ppm

Coconut water 15%+
Benana pulp 15% +

Nar 1 ppm + IBA 3 ppm

P-=Test
S-Em:

c.D.

Percen=

- oam M e Mm ST mm wm Em s wm o em wm wh e e N E es oom m em Ee o W

*#
309
9.58

Mean
Ieaf Root  Root
No. Hoe lon=-

3.56 2.70  35.40

3.48 3.10 39437

A S
0.142 0.427

0.431 1.297

tege of
D:r:yd;_',?ro

¥t veight

1.28 5.81
1.26 6447
111 6.07
1.02, 5.96
1.30 6.3

175 64351
1,66 6.29

1.79 6.59

ns -

** Significent at 0.01

N8 TWot sdgnificant

6h
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The combined effect of NAA =nd IBA vere not superdor
to the individugl treatuents of NAA and IBA., Maximum growth
wam obtained with a combination of NAA 1 ppm with IBA 3 ppm
end banena pulp. ZFPlamt height (74.2 mm), leaf number (4.3),
100t number (3.52), root length (48.7 mm) end green and dxy
veight were glso more compared to o1;hers: A combingtion of
HAA 1 ppm with IBA 3 ppa end coconut water produced more number
of leaves (35.56) compared o the sbove trembtment. A combination
of 11 mﬁ?‘éﬁei%ms (NaA 1 ppm; IBA 3 ppm, Coconut waber
end banana pulp) produced more plent height (66.25 mm), root
numbers (3.10), root length {39437 mm) =md ;p:eazand dry
woighte. ZPlents on iremtment with banana anl growth regulators
were daxkt green mmd vexry health¥. Bemansg pulp in comblnation
with cooconut waver induced very nealihy dexlc green seedlings.

44147 Yondg Coexrulea

Capsules of Yands cogiules take 8 %o 9 months
for full maturity. The ripe osbsuleswere cui oper and the
seeds wore cultured on & fferenp medda (XC, MS, VU, BN mmd MW).
for stmdandisation. Initldlly the seeds do#;i not show eny :
sympiom of germination. After 2 period of 3 weeks, the seed
masgs tumed yellow gnd formed into ceallus. The eazliug growvth
was continued upto a pericd of 2¥2 to 3 months and then
differentinted into plantlets. ;.Ehe gerningtion and growth
was faster on MY mediunm (Table 26). The dabe indicave that the
shortest time requived for call‘hs-fomation was with NS medium

(22 dsys), followea by Vaoin i Went medium (22.5 days) md
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Teble 26. Iffect of fifferent nutrient media on gewmminabion
and leaf production in Jgnda coerules

Nutrient media leen number of days fox

Callus Callus  Appearsnce Appe~ Appea-
forma— diffexr- of 1st arsnce rence
tion and enbig= lsafl of of
greening tion 2nd 3rd
leaf leaf

- e CE em ew A e = am b ws mm

- Em o e

Knudson ¢ (%)

27.20 94.00 153.00 186,00 201

Murashige-Skoog(M5) 22.00 79,50 92,50 122,50 138
Vecin end Went (V)" 2250 99,00 144400 176.00 201
Burget? NF(BN) 24..00 97,50 120,00 158,00 177
liodified Vacin 23.50 84,00 116,00 152,00 172

and Wen t{HVii)

Table 27« Effect of diffeoren¥ nubtrient media on growth
end development of Verdsg ocerulesn

Hean Porw

Nutrient medin

Plant Leef Root Root fresh Dry gea:g;
height No. No. %lelng- wi. Whe of
= - - % e u

Enudson € (KC) 12,20 2.79 1-75 4-48 47,00 24,82 6,00

Ig;g)ashige-skoog i8.72 3e35 2,42 4433 56,12 %.T6 6.69

‘(T%g%n end ¥ent 13,41 2.54 1.87 3.95 29.20 1.57 5.37

Buxrgeff NEF(BN) 1176 3404 1,04 3.24 26.40 1.58 5.98

Modified i
and. \ont Yﬁ%ﬁ 14,70 2,93 1.22 3.8 33.70 2.09 6.20

F~teat NS * ke R »e %
S~Emt 2,53 0.143 0.032 0.129 2.10 0.13%4
CeDe T.82 0.442 0.252 0,398 6.49 0.411

* Significant ab 0405 *% gignificent at 0.01 NS Not sige-
nificant



[
o
FaN)

modified Vacln ond Went medium (23.5 days). The shortesd

time cgllus differentiztion wvas 79'.5 days on MS medium, followed
by modified Vacin and Went medium (84 dzys). The rate of leof
Production was glso fagier with M8 medium :Eo].‘l.owed by modified
Vaoin and Vent medium. The medie :VUJ and MA! behaved glmoot
similariy in c¢allus formatione Bul the subsequent grouth and
development was faster with WWE medium. The seedlings in M3
medium vgé—more vigorous with da::kl geeen follago. The leaves

vere broad and thick.

The growih megsuverent of the seedlings faﬁre recorded
(Teble 27). The NS medium vas found to influence plant keight
(18072 mm), leaf nuuber (3.35), root number (2.42), green =nd
dry weigh;;. The maximum roo‘tilengl’sn was ob%ained with Knudson
C medium (4,48 mm)« Next to 198 medium modified Vaoin and Vent
medium inuced more plent heaght (14.70 mm). Burgesf I,F mediun
induced more number of leuves (3.04) end Knudson € induced
more roo%t number (1.75), fresh end cll;:y velghde

Based on the zbove rasultjls, 1S mediun wes solected
s & basic medium for further smdz}.es. The callius bodies
(PiBe) produced on a basic medium vere sub=culiured on medium
with aifferent glditives. %he treatments were gpplied indi-
viduelly and in combinationse The individugl breabments
vers a8 follows. IAA, NaA, IBA and 2, 4=D at 1, 3 and 5 ppm

GA and BA gb Oel, 1 and 3 ppm,B‘é_gaxga end cocamut waber 15 percent.
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The results ere presented in Tshbile 28,.. Growih messwements

of the plentlets on medium vith two levela of NAA, two levels
of GA aad benena pulp were significantly superior to control.
Meximum plent height was obtained with NaA 1 ppm (16.5 rm)
followed by GA51 ppm (14.85 mm) NaA 3 ppm (13425 mm) and Banana
pulp 15 per cent (12.00 mm). Heximum number of leaves vere
produced on medium with Nai 1 ppm (3.75) followed by GA I ppm
(3.67), GA 3 ppm (3.52) snd benene pulp 15 per cent (3.0). Othex
treatmenta wexe not eignifw.eant v superior over control. The
maximum number of roots vere produced with NAA 1 vpm {2.85),
which is closerly folloved by Gk 1 ppm (2.70), NAA 3 ppm (2.54),
IBA 3 ppm (2.25) and GA 0.1 ppa (2.20) troatments. The mamimmm
root length wes pecorded in tvegluent with NAA 1 ppm (5.8 mn)
Zolloved by GA 1 ppm (4.75 mn), NAAZend 5 ppm (4.2 aod 4.1 mm)
trestments. 7The green and drxy Veight vere glso mazZimum on -
‘reztments with 1 ppm Naa, 3 ppm NAA, 1 ppm GA and O.1 ppm GA.
Other treatmente were not significently superior over control.

Baged on the xesulis obtained itk the individual
treatments a compinationsef treatments were made gnd the seed=
lings vere sub—oultured. The treabtment combinalions were
using basic medium (MB) with NAA 1 ppm emd GA 1 ppme The
combinztions were used with =nd without 15 per cent coconut
water and banena pulp. The results obbtained are glven in

Table 29

The plent height wes mafimun with a combination of
basic medium vith Gi 1 ppm, WAL § ppm and coconut water 15

pex cent (16,66 mm) (Plate 4.4) end this was followed by a



Table 28, Effect of different grouth regulators and other additives on
grouvth emd development of Vandas coerulea seedlings

Treatments with

Murashige-Skoog
medium
1

Ian 1 ppm
Taa 3 prm
Iaa 5 ppa
NaA 1 ppm
NAA 5 ppm
NaA S ppm
IBA 1 ppm
iBA 3 ppm
IBA S5 ppm

2,4=D 1, 3 znd 5 ppm

Meon

Perce=

Height

No growth

Number  Number

of
leaves

Fresh Dry g;age
veight vwelght dry

weight
ng ng

18.75 1.21 6.45
16.65 1.00 6.00
17.40 1.01 5.80
48444 3419 6.58
§3.22 2,80 6447
2%9.12 1.77 6.08
18.77 1.14 6427

9.12 0.49 603
11.29 0.65 6.02

POT



1 2 3 4 5
GA3 0.1 pom 9.10 2.20 2:20 370
Gz 1.0 ppm 14.85 567 2.70 4eT5
GA3 3«0 ppm 11.45 3e52 1.45 3465
Ba 0.1 ppm Te15 2.15 1.64 2,58
BA 1.0 ppm 8¢50 2.20 1.35 310
BA 3400 ppm 6.15 1.62 1.44 315
Coconut vater 15% 10,00 2,66 1.33 3¢40
Banana pulp 154 12,00 35,00 1.40 345
Control(Ms) 9.55 2,25 2,10 Fe25
Fetogt % % % -
S~-Empr 2.25 0.245 04228  0.499
C.D, 6.735 0.730 0.680 t.488

#%  Zignificent at 0.01

o
G
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treatment of GA 1 ppm with coconut water (15.37 mm) end NAA
1 ppm with coconut water (15,25 mm). Meximum leaf number was
obteined on & trestment vith NAA 1 ppm alone (3.81) end foll-
owed by a treatment with NAA 1 ppm and bananaqpulp—(3.62).
Maximum root number was obtained with a combination of besio
medium with NaA 1 ppm, GA 1 ppin end coconut water 15 per cent
(2.4) and it wem followed by a tweatment with NAA 1 ppm, emd
coco;mt water 15 per cent {1.85) and a treatment of Nat 1 ppm
with banma pulp 15 per cent (1.75).(Flate 4.2). The 00t
length (8 mm) wes maximum on medium with GA 1 ppm, NAAlppm
znd cocqnut ;raﬁera This was followed by NAA 1 ppm with benana
pulp (6.25 mm) md NAA 1 ppm with cocomut water (6.20 mm),

other treatments were not significently superiox.

The greon sd dry veight were maXimum on a treatment
with GA 1 ppm, NAA 1 ppm and cpconut water followed by HAA
1 ppm end banzma pulp end NaA ' ppm end coconut vater 15

pexr cent.

4,2 Piggue culiure
4.2,1 Cymbidinm meristem culture

D e e T ]

Meristems of Cymbidiump were tested on different
medie and the best results were obtained on Vacin end Went
wmedium. Protocorm ilike bodles vere formed on W medium within
15 deys while it took 2 days on Murashige snd Skoog mediume
There wes no development on Burgeff N3F end on Knudson C
medium. Hrotocorm like bodied with rbizoids and tiny leaves

were further slices and put on fresh medium for sub-culturing



Table 29. Effect of different growth regulatoxrs snd other gdditives in

combination on the grovth of Vanda coernles seedlings

e Percen=
froatnente it P@tToal  Root — Host Tmem Iry  ieee of
(MS) medium & height HNumber numbex length weight weight veleht

ma - - mn mg ng
NAA 1 ppm 9.62 3.81 1.37 500 18.75 .22 650
GA,J, 1 ppm 11.20 3.12 1.12 4e31 17.50 1.12 6G.40
Coconut vwater 15* 10.00 2.66 1.30 340 16.66 1.01 6.06
NaA 1 ppm+ Banana
pulp 15% 11.62 36 62% 1.75 6.25 50.00 3.05 6410
NAA 1ppm+ Coconut
Water 15% 15.25 3430 1.85 6.20 45,60 2,87 6.29
G4zl ppo+Banane pulp 9405 2,10 0.89 2.58 8495 0454 637
GA51 pem+Coconut water15.37 2,94 1.44 3.06 18,75 1.16 6.18
GA31 ppu+ NAA ippm 12.61 3.07 1.30 3454 26,92 1.72 6439
@Az} ppmblNAA Yppmt 45 09 2.63 0490 3.11 29.40 1.85 6.29
Bmang pulp 15%
GA§1ppm+HAA 1pom+ 16456 350 2.40 8.00 51.20 3.45 6.70
Co ogmt wateAK }5%
G ppm+ N ppo+
Codonut water 15%+  19°48 3.00 1.35 4443 21,70  1.43  6.59
Bznana pulp 15%
F-tent *it £33 *® % i *it
S=Emt 1.00 0.208 0.118 0.349 - - -
GOD. 2.'43 0.82 0.349 1.026 - - lad

*% Jignificemt at 0.01
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1f left undipiurbed the differentistion staried within 35 to
deys end smell plantlets were obtéined. Uhen the exzperiments
were terminsted aftexr 40 days each *tissue segment was rinsed
in water end dried Zor 15 minutes over filter peper before each

weight determination.

Media Fresh veight
Veoin and Yent 85 ng
HMurashige=Skoog 67 ng
Burgeff H3F 11 ng *
Knudson & 11 ng *

)

% Originzl weight of the tissue =z 11 mg

Effect of growth rezuletors

Medig Vacin ard Went + IaA ( 4, 5 end 5 ppm}
" +M8a { % 3 md 5 ppm)
" # I2A WAL ( 1,3 ond 5 ppm each)
Experiments wore dlso conducted tio see the effect of dif:ﬂfa:eent‘
growih regulators dlone 2nd in combingtion
Vi & IsA (9, 3, 5 ppm each)
T + §AA (1, 3 5 ppm oach)

1t was obsexrved thal Til dloae did noti induce any
aincrease in fresh weight, hile dn combinstion vwlik Naar (1 ppm)
the growih was much fasber 224 iile PIBs were auch mOTe greon. -

2, 4-p (1, 3, 5 ppm)

Lt 3 and 5 ppm, 2;4~D infibited the growth sné developed.
Hovever et 1 ppm, the fresh weight was very high as comparsd to
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controls The fresh weizsht records were tsken after 45 days.

Medig Fresh welght
Vacln and Yenil (Vi) 85 mg
W+ 2, 4 (1 pom) 17 ng
W + 2, 4D ( 3 ppm) 85 mg
=t 24 4D ( 5 ppms Brovning of tlssue

Lnal welght of tissuz = 9.5 mg

4.2 Nodel gulture
4.2.1 Depdcobiun piexsndil
The nodal sections wore cultured on different media

(Ec, ME, Vil, BN md M4¥). The Vacin and Went medium took
ghoriest timwe (18 deys) for swelling of the lateral buds. This °
ves followed by nodified Vacin end Went medium (27.5 days)s No
growth wves obsexrved on Burgeff NBF mediumes Explants prod;zced
both calius snd plentlets on Knudson ¢ medlum. Vacin and Went
nedium produced more number of plantlete asm compared fo other
wedia (FPlate 6.4). This nediupalso shoved over all superiority
in ge‘h‘i‘.ing more ;Lumber of multiple shoots, plant height,leaZ
nunber end green dry veight.

Faudaon ¢ (JAquid) medium wes used for furthen
trogtmente whsh growth substances (2, 4~D 0.1 ppm) =nd othexr
additives (coconut water 15 per cent) for pmll:t’e;:ation of
callus. A trestment combination of 2, 4~D (0.1 ppm) and
coconut weter (15 per cent) induced better vroliferation of

sgllus bodiss vwith in a period of 60 daye {Tlate 6.2).

) The c¢allus bodises were sub~cultured on solid Enudson
C medium with IAA (1 ppm), BA (1 ppm), coconut vater (15 per cent)
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_ snd its combinations. Treatment vwith 1% per cent coconut
water alone produced plantlets in minimum number of daye(Plate
6.3)s OCombination of 211 the three components =@l so produced
sat:isfactory resulta.

Bpidendrum radiosng

The nodal ssctions cultured on different media produced
plantlets in 211 the medlis except Enudson ¢ medium (Plate T.1).
Out of 10 culiures, Knudson ¢ medium produced 4 cgllus end
Vacin and Uent medium produced 1 callep. All the remaining
wreatnents produced plantlets slonc. The initiation was fagst
in Knudson C end Vacin and Yent medium compared to other
treatments, Howeve:c,_ nore @xplants initiated growih in
Enudson C medium. Multlple shoots vere produced on ireatments
vith Enudson ¢ and Vecin and Uent medium (Plaite 7.4). Meximum
number of sprouts were obtained Wiih ¥nudson ¢ modilum.

Knudson G mediuwm proved superior over other mefia in »11 grouvth

craracteristics (Tablie 32).

The cgllug bodles obtained were sub—cultured on
so0lid Xnudson C medlum with gréwth substances snd othexw
addltives for proliferation of callus tissue. Tresbment with
cocoaut water 15 per cent glone and in combinabion with
2,4~D 0.1 ppm induced cellus proliferation. However, treatment
’rzith’coconut vgter glone mwoduced more callus compared to
other treatments. The csllus bodies grew gpproximalbely to

5 50 1,0 cu. centi meter size within 60 days efter culturing.
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Table 30. Lffect of different medis on growth and development of
nodgl sections of Dgndrobium piersrdii

Nutrient Mean number of Number of Numbexr HMean Mean Ilean Meen
media days for node cgllung of nuwm~- height lesaf rToot
svelling of formed. plant~ ber of of numbar NN
noded. leta malti- pleants ber
formed ple
shoots
Knudaon C 36.50 2 2 1.50 14-75 1.5 -
Murashige—Skoog 36. 50 3 2000 10 .45 2.0 Q. 33
Vacin end
Yent 18.00 6 2050 5350 Fe5H 3000
Burgeff

- - - - - ~ 4

Modified Vacin
nd Vent 27,50 3 1233 28,50 2.5 3.00

Wumber of nodal sections taken for each experiment is 10

TIT
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The callus bodles obtained were sub~cultured on solid
Enudson ¢ medium with Iaa (1 ppm). BA (1 ppm) and coconut water
( 15 per cent) emd its eombiné.ti;n for shoot md 1ot initiation.
The combined ;ffect of coconut water and NAA on shoot initi~
ation was more,compared to treatment with NAA (1 ppm) end
coconut waters The plantlets produced vere dark gre;.n and
very healthy. None of the other treatments, initiated shoot
end root (Pezble 33). Treatments with NAA and coconut water
produced sexial roc-)ts in gplmogt €1l nodes in gdditlon to \
‘the basal roots. NAA treatment produced loss number of

asrigl m ote. !

Yand g teres:

The nodal sections of Vandn tcres were culbured

»

on different media. The laterel buds developed ln Vaein

end Went medium (Plate 6.5). WYherecas no bud development
was observed in Kpudson ¢ :;‘nd Iraghige~Skoog nedlwn.
Anong tr}e 3 medd. g responded growth, naximum growth was
obtained with Vacin md Uent medium followed by modified
Vacin end Vent medium end Buxgeff N5F medium (Table 34).
The buds expanded and grevw into pale yellow sémlsphe:ciz:al
structure vh:-Lch continued to grow and formed iato plantlets

in esgch tube.

Some of these semispherical bodies 1were exclsed
from the ezplant materiel and the leaves and gpicel buds
vere removed eni again cultured on a liguid medium (VU)

for prolifexration Preatment with NAL {1 ppm) alone



Tegble 31. Effect of grouth regulators and other additives on growth
and Gifferentiationof Dendrobium pierardii callus

T;:_c;gtments Mee;% . m]x_mbzf S £ Mean number of Hgight
W number o blanclels leaves roots °
ﬁg&g:?nn ¢ Sns‘vi: 1§§f on formed produced vroduced plants
60 90 120 60 g0 120

deys days days days days days
Bagle medium
{control) {Callus growith continued)
Nas - ippm 42 3 1 3 3.5 0.33 % 3 3.10
BA- -= 1ppm 59 2 ___ 0-—— 4.3 3— _-0.__-_-0.50_2 2.30__ _
Coconut water
15%(Cu) 28 6 2,5 3 5 2.5 4 4 6450
NAA+BA=1ppm 53 2 0 2 b [s] 2,5 3 2.10
NAA+BA=1ppm
+Cil 15% 35 3 1 2,66 4 1.33 2.66 3% 350

g1t



Teble 32. Effect of different media on the grosth ond development
of Epidenirum radicemsg nodal cultures

Nutrient media

Enudson 0

¥arashize-~Skoog

Vaein_and HWent _ _

Burgefl K3ZE‘

Hodified Vacin
ond Uont

initigtion

_51.00_____5__

plants leaves roots

{leight Number m::émber

Number

of of of

callus

formed om
4 1.50 2.25
- 0. 25 1.33

_ 1 _2.20 _ 1.,45_ _1.00_

- 0.55 G.50
- 0.50 0.50

it



Teble 33. Effect of growth rogulgbors sad othor odditives on growth
and differentiation of Epidendyum radicsng callus

(Number of cultures in each treatment = 10).

Treabments with Hean Number of Height

Enudsonr C days for plentlets leaves rooTy of

medium initietion formed produced produced plants
of shoots co

% 60 9 3 60 2
days doys days days days days

%gg:gglx)nedium Callus turned brown gnd dead
—HAA —1ppm———— — 3750 — _ _ 2,75 _ _e«_ A _3__ = %1.25 2.5 _ 1.0 _

BA ippm Ho cgllus grovth

Coconut veter

(15%) {cv) 28,00 5400 T 3 4 = 2,30 3.5qg 3¢5

NAA+BA 1 ppm No callus growth

g%A‘(-BA 1ppm + Callus slighitly developed

HAA 1ppm+Ct 23.00 4,50 1 2 5 = 3,50 4.25 3.75

BA 1ppm+CH, Cgllus turned dovin
J—t
[

(<1



Teble 34. Effect of different nutrient media on growth snd development
of Vgnds teres nodal ssctiomns *#
Nutrient Meon lember Mean Green
medie No.of Days for °1 ont- Beight Ieaf Root  Root dry
days for geri=-gspe- {ets of num= num= length weight
swelling hexricsl formed plents ber  ber ratio
sprouta mn mm
Knudson C - - - - - - - -
Murashige=
Sktoog I ST - - - __
Vacin and 35,85 47 426 7 1.53%0 2.85 1.00 12.75
\ent
Burgeff Nal‘ 43010 55.00 g 0.970 2:44 0455 5027
HModifled
vacln md 47025 54'25 5 1;150 2. 20 - -
Leﬂt

* Number of nodal cultures in each treatment = 10

LIT




Teble 35. Effect of growth regulators and other additives on grouth =nd
differentiation of Vende leres callus

Treatment g Rumber of Height
ggz?nmaﬁ days foxr plantiets Ieaves Roots g{ ents
Went medium indtiation formed pzodiced produced

- e 60 90 120 &0 9% 120

days dgys

FNaa 1 ppm Callus growth conmtinued
BA 1 ppm No growith end no cgllug differentigbion
Coconut water
15¢% (Cu) Callus grouth continued
NAA +BA (1ppm) No growth or differentiation
NAA+BA(1ppm)+
CY 19% Callug slightly develoged
NAA 1ppmdC¥ 154 29 3 1 3 4 1 1 1 3%.00

Ba 1pp2+CU 15% No growuth

V¥ medium
{ Control) No cellus growth obtained

81T
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Roots oulitured on MS medium and ‘treated with NAA 1.0 ppm
ook the shortest time for initiation of growth end produced
maximum root length. This was folloved by a treatment with
coconut water 15 per cent alone. Treatments with 2,4~D O.1 ppm
end 1ts combingbions killed all exlents, Root extension
with other treatments were not significente.

4 treatment combinebion of NAA (1ppm) =nd kinetin
{1 ppm) with basic mediapproduced shoxrd, s‘aaut md thick roots,
vhich ':_"esembled the callus but not the meal cgllus « They
glgo eventually died after two montha.

Histochemiczl gtudies

Dagelopmental changes during goymination of Bletilla
hygointhicne seeds

The orchld seed has an undifferertialed embryo
end it lacks the endogperm. Upon exXerination of the ssed
sections, two distincet regions could be merikced. One region
which is in tontinuity with suspensor conslsts of large
facuoleted cells and the other conslsts of smegll snd dense
cella. The formex one develops into the basc and the latter
develops to form the spical meristem. The rhizoids originate
from the basal portion.

The seed hes got a transparent seed coat enclosing
only the embryo inalde it. On conbact with suitsble medisg
the mature embryo imbibes water along with the nubrients,
enlerges and brezks open the seed coat {Plate 8.1). The

enlarged embryo does not assume sy specific sha;pt;. Hovever



Table 3P6.

Effoet of nuitrient mediag on root culture of Dendrobium
rnoschatum ¥

Nutrient Kumber of Roots Humbexr Moan length of root grouth
media days produced of roots 30 60 90
for cellusg extended days days days
initiation (mm) (mm) (mm}
KEnudson €
47 - 3 0 0.15 2.47
Mur ashige=
Skoog 25 - 6 0'25 4-13 14-57
Vacin end . e o o
Yenm¥ — T 537 T T T - 2 0 0420 Te24
Burgef? H,’.I-‘ 42 - £ 0 0.31 5.23
Modified
Vacin and 50 - 3 0 0.22 8.55
Uent

-——

om A ——

* Numbexr of 00ts cultured for each tresbment. =10

0t
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Table 37. BEffect of grouth regulators end other edditives
on root ouwltures of Bendrobium moschatum

Traatments Hean No.02 Noa.dif Moen Iength of
with M@ No.of roots roois xroot grouth
medi g, days produ~  exten- 30 60 90
foit l;'eag.._L ded days days daye
initi- callus
ation (mm? (mg (ma)
NAA 1 ppm(NAA) 22 - 6 4.0 9.3 16425
2,4=D 0.1 ppn. - - - - - -
Kinetin 1 ppm 44 - 4 - 0«50 250
Coconut water
15 per cent 39 - 5 - 1,00 6.75
Kinetin 1 ppn
+ 2,4=D 0.1 ppm 27 - 4 - 1.50 2.50
NAA ippm + ’
Kinetin 1 ppm 27 - 2 2,00 4425
Kinetinst
2y, 4D 0.1 ppm + - — - - - -
coconut waber - -
HAL 1ppa+
Kinetin 1ppm 37 2 1.25 5450

+ Qoconut later
15 per cent

NAL dopm + 2,4~D
O«ippn + Kinedvin
1 ppm + Coconui

Water 15 per cent

v
v
o
1
t

Humber of roots cultured for each ezporiment = 10.
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a polerity seems to have meintelned right from the greening
stege (Plate 8.2). At the stage of differentiation, the
basal azﬂ apical’ends te come moxe clearly visible.

Initially sbeorbing haxrs ave formed zt the
posterior end. These gre the rhizoids which sbsorb water
end nutrients. The enlgrged embryo with the rhizoids is
cglled protocorm like body (PIB) (Plste 8.3). The PIB
further enlaxges and lalter shoot apex diﬁ'e:;entiatea £rom
its gpicsl end (Plate 8.4). Tz PIB heas got o broad smd
flat surfece g ite tip earlier to the differentiation of
the shoot apex. A group of ngrrovw cells rich in cytoplasmic
contents seems % act as conducting cells in the epidemiua.
In the epidemi:s near the top portlon of the PiB, stomata
get differentiated which help 3n the exchange of gases.

The leaf primordis &l fferentiste laterally near
the ehoot zpex, Ullh the differentigtion of leaves en emto—
trophic plentlet comes into existence. The plentlets at its
early stage of growth are nourzshed by the PLB, upto the
development of chlorophyll in the leaf primordia. The
rhizoids ave responsible for the sbsorption of wabter emnd
nutrients required by the PLB snd the young plantlets. Uith
the further development of plaitlet a bulbous giructure, the
pseudobuldb develops near the buse of the tuft of leaves.
The pseundobulbs serves as a storege organ for the planilet.
It comsists of lorgs cells snd emzll cells digtributed in o
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characteristic way, The PIB nourishes the plantlet in the
beginning, but vhen the downward flov of metebolite starts
from the photosyntheslsing leeves the former eages the
nutritiongl function end remains as a vestigeal structure
for some more time (Plabte 8.5).

The peeudobuldbs develops vasculer tissues for the
upvwerd gnd dowmward tranglocetion of nubrients and metabolites.
In the megnvhile true roots with vwell developed wvascular
strands gre also produced from the region of junction of
PLB md pseudobulb.

4.3.2 Chemges in the macromoleculsr substemces

Following is an account of the ochmges in the
macromolecular substences such as Ingoluble polysaccharides,
proteins, RNA, DNA end lipids during the differentistion
of plantlets from oxchid seeds aznd callus.

In the PIB the lower parenchymatous cells contain
rich accunulation of large sized PAS positlve gramles, which
vere confirmed =a® storch grains by Iodine Potassium iochide
test (Plate 8.6). The basal cells of the zhizoids contains
the stexch grains while their terminal cells vere devoid
of them. Tovwards the spex of the PLB, in the parenchymatous
cells the starch grains grafudlly diminieh in size and they
are completely absent in the cells neer the apical end
of the PIB (Plate T.4). Thus a greiient is created from
base to the apex in ‘aﬁe distribution of insoluble of
polysacharides _ ¢ in PIB. However, the cellg of the
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shoot gpex contain PAS poaliive cytoplesm free fxom sharch
graings. In the storsge cells the starch greins are generally
located around the nuolel (Plate 9+1).

Both the legf primordia gnd the dlfferentiasted leaves
contain cells with PAS Positive oytopleam: but no starch grains.
Tue guard cells of the stomata near the top of the PIB contain
starch grains(Plate %.2).

4¢3¢% Ipeudobulb

The pattorn of siarch accumulation in the pseudobuld
ig different from ¢hat observed in cese of PlB. Pgeudobulb
is mede up of two kinds of cells. Some of them are lgrge
and they are surrounded by smelll cells (Pleste 8.6). The
sngll cells contain g very rich accumulgbion of densly stained
gtarch greins. While the large cells contain relatively
less densly stained sterch grains. The relatively less number
of large starch grains present in the lange cells are dis~
tributed ground the nucled and they =zppeer to be at various
atages of dilslntegration. The cells of pseudobuld surrounding
the vasculer st¥ends heve a rich acoumulation of staroh.
The celly in the crown of leaves 40 not contain any stereh;
hovevex, their oytoplasm i8 PAS Positive. Furbhexr a2t the
base of the pseudobulb adjacent to the tip of PIB ihe cells
are gmpll and they do not contain any PAS Positive bodies
oxr starch. The roots, lateral ghoots and thelr primordiag
are free from stasrch accumulatiom but their cells contain
A8 Poeitive cytoplesm.



PLATT Ro«9

2.

3

4.

Cell strmuoture ond contents in protocora like body

end pseudobulbs.

Digbribution of gherch grains in a ccll ground
nucleus

Stonote and guard cells in Protocorm like body
Prencnce of cytovlesmic RNA in groviang poind

A pooudobulb vith s leteral shoot differentigied
et o base and Fornation conducting collse






4.34¢4 Insoluble proteins

The cytoplasm of glmost all the cells in the seed
ghow g rich gccumulation of insoluble proteins. After
protrusion, the large besgl oells of protocorm like bodies
show very low concentrgtion of gytoplasmic protein. Wheregs
the small splcel cells possess a high protein content. Thus
an increesing gredient 1s obssrved from the base %o the
pex in the distridbution of prteins in protocorm like
bodies (Plate 9.3). The rhizoidal cells contain protein
rich cyi;oplasm. éhe primordia of shoot gpex gnd leaf have
small oells rich in cytoplasmic proteins., The ngrrow
conducting cells possess a rich concentration of proteim
(Plate 9.3).

In pseudobuld cells, o‘nly the shoot, root and
leef primoxdis hawve protein richp cytoplasme. In the storage
regilon the large oells possess welatively more cyboplasmic
protein than the small oells,

44345 Nuclelc ncidsg

The distribution pattern 0f RNA in PIB and preu—~
dobulb is compareble to that of proteins. The conducting
cells in the PIB end the primordisl cells of shoot end leef
convein rich cytoplasmic RN&.

In pseudobuldb the cells of shoot end root primor—
dian possess rich cytoplasmic RWA (Plate 9.4;5). Among the
otorege cells of the pseudobuld the large ones-possasa a
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hichexr concentration of RNA then the smgll cells surrouniing
them.

DNA 18 found locdlised orly in the nuclel. In P13,
the cells at shoot end leaf primoxdias have smell spheriosal
nucleld richly steined fox DNA. Ihe oells near the bease of
the PLB possesg considerably lerge nuclel »ich in DNA. A
deoreasing gradisnt £rom bage to the epex ig noticed in
the size of nuolel in cells of PLBo. The nuclel in the
conducting cells mre narrov snd clongabted.

4.3.6 Iiplds

11 the cells of the embryo before gexmination
conteined rich accumulation of o1l globules (Plazbe 10.1).
Uith the onset of germination the oil globules greduslly
diseppear end by the time the aicot mpex is differentigted and
dl the oells are gomplete_ly depleted of thelir oil content.

Sudanophilic substmmces are completely ebsent in the tissues
of Pseudobulb.

4.3.7 Developmentel changes in the osllua of Dendrobium
plererdil during plentlet diffexentietion

Tl_le proliferating callus of Dendrobium does not
possese any regulax shngpe. The tissues grov Indefinitely
ond proliferais in ell direotions. The callus tissue
consists of parenchymatous celld of different size. The

pariphersl cells are glmost uniform in e@ize, while the innex



PLATE 0410 |

1,

2

S

g

4y

Ge

Ge

Grehid seods md coll contentn

cced sections shoving oil globules
Seed @oobions sinined for ~roteine

feed shoving suapensor end

Ing ditferentintio qd plontlet
Poripherel cells of onllus
Vasculer stzend fornation

Intoxdor cells with starchi grains.

1



PLATE-10



cells are enlarged %o varlous degree (Plate 10.4). Ab
certain locations in the peripheral layers of the callus,
groups ¢of smgll cells dif:ferenlhia‘te into shoot agplcec. The
leaf primordia differentiste 1Ia'terally' near the base of
shoot, apex. Dater the vascular strand differentiation
takes plase {Plate 10.5) acropetally in these stxuctures

of plantlets. In the méanwhile the roots with vell cli.:fffers
entiated vascular strands glso develop mear the basal regilons

of the ghoot apices. .

4.%3.8 Insoluble polyssccharides

The peripheral cells of the callus have small
olzed gbarch grains except at the region of shoot zpex
differentietion{Plate 11.3). The cytoplasm in the cells
at the neriphery i PAS I’oéitiye. The enlarged cells gb
the interior part of the callus have move number of large
sized starch groins (Plate 10.6). The cytoplasm is
sparcly distributed snd is PAS, Positive. In the shook
primovdium the cells are esmgll ed are free £rom starch
accumulation. Hovever, their cytoplasm is PAS Positive.
The vascular strands of both I.‘?O‘t end shoot regions do not

contain starch deposition.

423.9 Insoluble proteins snd RNYA

The cytoplasm in the lperipheral cells is rich
in protein md RVA (Plate 1044 |and i11.4). The cells of
the shoo% and root primordis hala.ve stillﬂhigaer concentrations

of cytoplasmic protein md RNA (Plate 11.1).
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4.%. 10 DHJ
The peripherel cells and the cells of shoot end root
rrimordia in the stem cellus have smgll spherical muelel
inteneely stained by Schiffs' reagent (Flate 11.2). The
lerge interior cells have propoxtiongtely enlargeé. nuclel

with rich DNA contente

4.4 Chromogome instebility in tissue oulture

In the squagsh preparation of oculbured cells of
Dondrobium pilersrdiil (2n =40} a laerge number of cells trere

obgerved with verious abnorm;lities. The mogt common belng
the varying number of chromosomes in different oells £ollowed
by fragmentation of chromosomes and cellulsr and nuclear
budding of various cells nuclel showing heir like pio jections

Wwere also seene.

The numbexr af cTells showing sbnormal chromosSome
was very highd 31 to 47 per cen? most of the cells were having
fregmentation of chromogomes, the normal oells were no+t more
then 40 per cent which shoved chromosome nuubers ranging from
2n = 27 o0 48.

Angpheses were glsc not ve'l:cy mgular most of them
ohoved dicentric bridgee and lagging chromosomes.

The numiax of gbnormal cells hovever started
decrgaﬂing vhen the tissue from differentimted calli were
enelysed emd the sbnormglities Verie not more then 10 40 17 pex

cente.
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Table No. 33 Tegble showing the distribution of Chromosome
numbers in callus cells, of Dendrobium pierardid

Sl. Ho.
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CHAPIER V
DISCUSSION

The resulis of the various experiments are discussed
in this cheaptex.

5.1 Ogchid seeds

The oxchid seeds are dust or flour-like and vary
in size,shape end colour in diffexent speclesi The coloux
mey be vhite (Epldeandrum rzdicens), Creem (Phaiue Wellechii},
Blue green (Blebtilla hyacinthing), brown (Spathoglottis -
plioata), god - and orange. Diversity of seed shape ig
consldersble but £ive basic forms are recognised (Clifford
md Smith, 1969)Woolhouse, 1976 )( Fig. 16).

The see@g are unigue in several resgpects, they
ere exceedingly smell, produced in large numbers, the seeds
have no endospern (Savine 1974), no cotyledons md no zoot
inliials. )

Orchids embryos consalst of undiffersntiated mostly
isodiavetric cells with dense granulated cyioplesm and
conspicuous nuclei. Colls of the posterior end sare larger
md vacuoleted. A suspensor coneisting of very large
vacuolated cells is attached to the posterior end (Alvaresz,
1969) and the amtexrior chalazal or ueristematic portion of
the émbryo ip composed of relatively smaller cells(Plate
1043}
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ALl the cells regardless of the position in the
embryo are hegvily packed with food xeserves, most of vhld
in the form of 1ipid bodies (Veismeyer end Hofeten, 1978).
Projein bodies are also found but are restiricied to uppe;
tvo third of the embryo (Plate 310.2). Ko starch or other

carbohydrates aze found in dry seedas.

5.2 Standevdizetion of medip
Hedie:

After the discovery of ¥Knudgon € mcdivm in 1921
e large numbesx of media have been developed for the
geminetion of different oxchid species. Five different
media(¥nudsoa €, Hurashige-Skoog, Vacin and Went, Burgeff
K F and Modified Vacin end Uent) were selected to shudy
its effect on germination end growth of different orchid
apecles. The effect of media on plent height, oot
nurmber and root length were tabulsted and represenbed
grophically (Fig. 1, 2 and 3). Some medism conbaing only
the major nutrients wheress others contains minor elements
glsoe. Incorporstion of miomnuirients in the culiure
mediun is often recommended as even if not benefiecidl
they are not harmful (Arditti, 1967). All the five medis
behaved &l fferently in different species in inducing

gernination and subseguemt grouth.

5.2.% Bletillig hyscinthing

Bottexr germingtion was »ecorded on Vacln and

Went medium. The quick germinstion of the seed may be




FIG- I- PLANT HEIGHT OF ORCHID SPECIES AS INFLUENCED BY
DIFFERENT NUTRIENT MEDIA

t BLETILLA HYACINTHINA 4. DENDROBIUM MOSCHATUM
2- PHAIUS -WALLICHI 5. EPIDENDRUM RADICANS
3. SPATHOSLOTTIS PLICATA &+ VANDA COERULEA
6
5- T
g 1 —1
i, i i
s 31
x — R - _ _ o o
E2
E ' - ﬂ ‘I H _:]‘
ol LLLII L LLI Ll .
123485 6 1 23456 123456 123456 123456
KNUDSON € MURASHIGE-SKOOG VACIN AND BURGEFF NyF MODIFIED
WENT VACIN AND

. WENT



PLANT HEBIGNY <M
N W s

bd

'FIG.10. EFFECT OF AUXINS ON PLANT HEIGHT OF ORCHID SPECIES

CULTURED ON DIFFERENT MEDIA

4. DENDROBIUM MOSCHATUM
5. EPIDENDRUM RADICANS
6- VANDA COERULEA

1o BLETILLA HVACINTHINA
2- PHAIUS WALLICHI
3- SPATHOSGLOTTIS PLICATA

(283438 123456 123458 12345 234586 123456
IAA - § ppm 1AA- 3 ppm 1AA - B3 ppm NAA - | ppm NAA -3 ppm NAA - 5 ppm
4
’_FI—JL rrﬂ—l—L ,
12345356 1234868 t23456¢ Ie3456 12348356 12834536
IBA - 1 ppm 1BA - 3 ppm IBA = S ppm 2,4-D - 1ppm 2,4-0-3 ppm 2, 4-0-3 ppm



FIG. ll. EFFECT OF AUXINS ON ROOT NUMBER IN ORCHID SPECIES
CULTURED ON DIFFERENT MEDIA
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FIG. 12. EFFECT OF AUXINS ON ROOT LENGTH OF ORCHID SPECIES
CULTURED ON DIFFERENT MEDIA
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Se244 gpatholotyls plicadn

Snis 48 o Serveatrisl ozehid which reoponded veldld
to Hureshigeikoog asdigmfor gorminetion snd furiher goowiie
The high sult concenbtration ceen $o induce heltor geordnntilon,
and grovth bheceusa of iip terzeetyield natures. The gerainetion
amé lent developyent vas Tasisr on MS nediun. Othor grouth
pEgsuDenota vors 2lso significmntly superior 10 other nedlae
fouever, Cheunuveercich mmd Pabil (1975) weported vhiten
noddun pn sullable for this specios. Beedvy (1970) zeporied
Vazin m@ Vent cediun 45 oultoble for germinction anit growsh
02 Zpaihocl obig nlionts (Fig.8).

5e25 Fgndg coeruiey

Among the five nodla used, anximum gormiaction
md grouvth vam obtainsd with U9 sediumingpite of thes high
solé conbent and epiphytic anches of the ondoics. Gredlings
vere hoolthy with dexk green omd broed lesves. Humbew of
doye for germinction were alumogh simdior In nll the five
mnedlas Hovever, MS mediun and Vooin aid Went nediua took
the zhortest tlae. Uheress alow corziunablon ven nokleed
in Enudson C pedliume The anioronuwirionio prosont in the
weddua induced better growth of gredlings. The resulis
agree vith the mepowt of Ardittl (1967). (Fig.7).

Se2s6 Repioobiuyn moschutum

the Durgeld 15‘31? wedivn voe proved sunsrior for
gevmination and growth of medlings. Mowe - (1973) hovever
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reported that Knudson C medium is sabisfactoxy for fhe
growth of Depdrobium. In the present study Enudson C medium
wes inferior to Burgeff N medlum.

In genersl M medium induced better growth of
Spathoglottlis plicats end Ymés Coermles, The high sall
concertration is due to presence ol miclﬁ—elemen-bs vhich
induced better growih. Uhile Vacin and Uent modiun does
not coniain mioro-nutrients B.hvgeinthing, 2. Hallechid
anf B.zadiems were found to grov well in this medium.
Comparative sindles have revealed that the xeduction of
phosphate levels cam increase germination. Thia may be
due to the reason that orchid seeds are sansitive 4o
phosphorus, further high phosphorus concentration may lezd

t0 1ron deficiency.

5¢3 Use_of grouvth resulsibors in seed germingtion

Grovth sutstmmces were gpplied individuslly ok
different concentrgtions to study their effect on growth
of the orchid seedlings., The effect of suxing oR plant
height, r00% numbers and root length uere tabulated =and
reprosented grapically (¥ig.i0, 11 and 12).

It has been reported that in mos’; of tho osases
TAA, NAA or IBA enhanced the dermingiion or growth of
orchid seedlingo. Some of the growth stbstences like,
2, 4~D have reported to have inhibitory effect., The
gbsence of auxinsg cauwses death in Dendrobium ovarles
(Torel, 1963).
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The role of cybolkinin is well esteblished in ssed
gernination. The germineting seeds axe sensitive 1o cybokinin
concentretion then the protocorms. The seeds have vexry low
requirenent of cytokinin smd the seeds can produce the
quantity required for its defelopment. The protocorm axe
cgpable of producing enough quantity of cytokining.

$.3¢1 Blotz1lls hyecinthine

Individual treatment of emxins (IAA, FAA, IBA md
2,4~D gt 1,3 and 5 ppm) GA {0.%, 0«3 and 6.5 ppm) Kinetin and
Ba (1,5 and 5 ppm) end vitammine (nicotisnic acid, pyridoxin
end thizmin O.B,Ian.-ld % ppm) were applied on Vacin wd Vent
medium. IAA at all the three levels induced better growth.
Houoves, a concentration of 1 ppm WAL vas found superior over
othexrs. The effect of NAA on plent growth has been woll
ootgblished (Boesman, 1962; Bose znd Hukherjee, 1974, md
Mathevs snd Rap, 1980). IBA snd 2, 4D gt 1l the three
levels were not saﬁis:fantory for growth. 2,4~D ab 211 the
three levelg indvced heevy callus end produced no seedlings.
IAA ot 5 ppm hed slight increase in growih of plents. This
sgrecs with the report of Boesman (1962).

G W7 Vitamins such as nicotinic aeid, thiamine and

' Pyrydrozmin were used ab diffcvent levels (0.5, 1 and 3 pmm),
Thianine has been proved 4o enhance the germination and grc;wth
of orchids (Uithner, 1974). The pyramidine fractions of

the vitamin also sometime; enhance the grouth of pleanise.
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However the results obtained with Bletillg hyacinthing
were not encouraging. Nicotinic acid, Thigmin and
pyridoxin at #l1 the three levels proved inferdor to

conbrol.

5.8.2 Fhgiug yallichil

Growih subsbences were used individwlly =% d.ifferg‘
ent concentration{Iaf, NAL, IBa and 2, 4D ot 1, 5 and 5
ppm, GA and BA at 0.5/and 3 ppmj on Vacan md Vent
medinm and the seeds weze sub—-cui‘l:}:red: Iia ab 211 <he
three levels induced bettexr diffeveniiabion and growthe
IAA at 5 ppm produced botter grovih compared to ell the
other troatmenis. I44 induces better growth in Jabtleye
(Boesnan, 1962). Hetley and Harvis (1968) reported that
TAA 15 not setisfactory Tor growth of crchid seedlings.
IBA a2t higher levels ( 3 and 5 ppm} induced better growth.
A concentration of 5 ppm waes proved superiore TFlants
with such treatments produced belter zoot system. The
increased fresh and dry veight vere due to betler root
developuent and dlso the ultimate vegetative grouth. The
Tavoureble effect of IBA on gwouwih has not boen zeported
carliers The well developed 100t syoten was responsible
for the incrsased growth and weighv. Mo gexalngblon was

ob%alned with different concentrgilon of 2, 4~D, GA and BAS

5- 3- 5- .§E&th0£=°tﬁ.‘§ Qli %’hg

Results of the individugl treatment of growth
substances indicated that MAA &% a lower level (1 ppm)

~
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indnced maximum plmt height with more number of leaves and
roots. Simller results were obtained with Cymbidiuym culture
(Ueda znd Torikate, 1968). Higher concentrations of NAA
induced celluswing and the few plantlets produced thick
roots. Mateui gt gi. (1970) reportes that concentration
below ¥ ppm ip good for shoo% growth end upto a concentra~

%ion of 1 ppm do no% affect the growih of Cymbidium.

Higher levels of IBA {5ppm) induced better shoob
grovith snd more number of 1eezves: The fresh end dry welighi
ves considersbly tacressed but the Too% number and length
way lesy, compeved to NAA txestments. IBA induced thick—
ened roots, which increased the fresh and dry veighd, IBA
does no% szem to improve plent growthe TAA ab lover
levels (1ppm) imcreased plent height and a2lso the green
end dry weigl;'h. Eagrlier rxeporis of Hadley and Haxvis
(1966) showed that IAA does not seem to prowmote plent
grovth. IAA inhibit the gemination end growth of Hiltonig
and Qdontosloseunm (Hays, 1962). However, the firlding ’
0% Boesman {1962) is in mupport of the present finding.
TFouneabeaoh (19725 reported that IAA alone had no effeot

on gymbidinm see& gormination,

Treatment with 2,4=~D at all the three levelsn
produced only cellus. Hesvy callussing was obbtelned with
1 and 3 ppm levels Ueda zmd Torikata reported that very
low concentretion (0.01 ppm) promoted shoot grovtha

However a recent report of Fonnesbech (197%) siabes that
! . -
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2,4~D indyce high veight increase by ebnormal grovith of

protocomm. In Spathogliobbis plicets no seedlings vers
produced buf only callus were formed.

@A md BA at all the three levels Vere not
comparable $o control. Higher level of BA induced
ogllussings Treatmeants with NAA, IBA end 2, 4=D did not
give my sabisfzctory results. No germinafion was obtalned

with @ll tho three levels of 2, 4=D.

5e3+4 Dendrobium moschatum

Individual treatment of grovth substsnces were
made glong with Burgeff NBF medium. GA amd IaA at 211 the
3% levels had batter plant height. The plant height has
been influenced to a great extent by GA 1 pom. IAA 1 yppm
glao produced more plant height. The effect of GA on
gernmination and grovth has been explained in deieil by
lLiyazuki and Nagamatsu (1965}. It is reporied that lover
concentration of GA3 1 ppm indice plmnt grouth end hidher
levels vexe found toxic to plmmts. Subsequently Bose and
Hukherjee (1976) reported the GA induced leaf elongations
The incressed plant height obboined inm this shudy ig in
confarmity with the sbove reports. The number of leaves
vere maximum with an individue) treatment of IAA t ppm
and GA 1 ppm.

5¢3.5 Epidendrum radicang
The grovth substences were applied individually
on Vaein end Went medium (IAf, NAA, IBA and 2,4~D ot 1,5 and
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5 ppm, md GA and BA at 0.1, 1 end 3 ppm) for culturing.

HAk at lower (1 end 3 ppm) levels md IBA a% highex (3 and

5 ppm) levels were proved supevlor over other breatments.
Maxi m;xm plant height and number of leaves were obtained with
1 ppm FaA. I% wes folloved by & trestment of IBA (3 ppm).
The grovth promoting effect of NAA has been reported in -
many of the orchid species such ss Cyprivedivm (Boesman,

1962) and Vends (Mathew md Re0,1980). However, concenbra~
tio.a.-above 1 ppm seemg %o stimulate production of less

number (;:E geedl ings end more amcdunt of callus tissue. Such
iissues do not differeatlate inte plantlet abt any stege

of grovih. The few meedlings produced st higher levels

of WAA are abnomglly tell md gtout with thick woots. Bame
md [ukherjee reported thel lowsr comcentrabion of HaA (1 ppm)
induce callus and highor roncentrgtion induce only rootd. -
IRA 2% 5 ppu had elso produced increased plent height and
leaf nurber. HNo reporis are avdllsble 4o substenilate the

2inding.

Treatment with 2,4=D gt lovexr levels (1ppm) produced
fow meedlings. A% higher levels (3 and 5 ppt;l) he:svy czllu=
gsing was obgexved. Induction of gwowth at :Lc;wer levels
of 2,4~D had been reported by Ueda and Toxlkate (1963).
Ichihaui end Kako (1973) reported thet O.1 ppm, 2,4=D
promoted shoolt grawth inﬂcgt‘hlexg. Tho results indlcated
that Epidendrum radicens can grow at Lower levels of 2,3-D.



5.3.6 Yende Coe 512

In thig experiment the seeds were allowed Ho initiate
cgllus in MS medium and later sub cultured on fresh MS medium
with gdditlves. The seedling development was very slow.
Growth substsnces were applied individurlly (TA4, NAA, IBA and
2,4~D &t 1, 3 nd 5 ppm =ud GA and BA abt Oe1, 1 2nd 3 ppm).
Among 211 the treatments NAA et lower ( ‘! and 3 ppm) levels
ond GA e higher (1 axd 3 ppm) levels proved super.i.;r to
other treatments. IAA at dll the three levels werse not
superlor to conbrol. KAA at 1 ppm resulted in maximum plant
haight, leaf anf root number, root length mmd Iresh and dey
weight. The finéings agree with the report of Mgthova snd
Reo (4980). CGi {1ppm} dlso hed ezhibited better growih
performanée in plent I?Leight. leaf and root number,root length,
fresh snd dry weight. The favourasble effect of lovwer con-

centration of GA has been reported by Miyazuki md Nagamateu

{(1965) in Dendm bium. The stotement holds good for ¥andae

All the other treatments with IBA, 2,4=D gnd BA
were inferior to control. With 2,4=D at all levels no
grovth was obtained. The ¢zllus turned black in g short
timoe
5.4 Bffect of comnlex orgsnic sdditives on sged germingtion

and grouih
The substances other than growth regulators vere
elso found to inflvence growth of orchid seedlings. This

includes complex mixtures like coconut waber, banang pulp,
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tomgto juice md other frult julces. In the prosent study
only coconut water snd banena pulp were used. fThe effect

of tomato juice on Bletillg hyacinthing wes alse siudied.
5«41 Bletilla hygeinthing

The di PPerent edditives used were coconut water (10
end 15 per cent), banana pulp (10 end 15 per cent) end tomato
julce (10 and 15 per oent) cocomit water at both levels
(10 and 15 per cent) induced better growith. Rovever 15
pexrcent coconut wat;r produced satisfactoxy z:_eeults. Beanena
pulp also induced beiter growth &t 15 per cent. Effect of
cocomut wgter and banana pulp in growth has been well
established, (Lavrence and Arditti, 1964., Ardititi, 1967,
Ec Intyre gle 1974). Treatment with tomato juice did nok
produce gny satlsfactory results, Arditti (1966) zeported
thet tomato juice is detrimentel to the growth of Gattleys
seedlings which 1s in supporit of the present study.

5s4¢2 Phoiug walllchii

The effect of coconut weter end banana pulp on
grovth wvexre satisfectory. However the resulis wezre not
compareble with the enxin treatments. 3Bemana pulp trestment
was superior 4o cocomut water treatment, Effecte with
coconut water were slightly superior to controle The
findings sgrees with the report of Ardittl (1967) emd Me
Intyre et gl (1974) in Osttleys seedinga. Coconut vater
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does not eeemg 4o promote the grovwth of Pagiung wgllichii
seedlingasd

5¢4.3 8pathoglottis plicgis

Banane pulp and coconut water (15 per cent) induced
better plant growth. The seme results vexe obtai.ned with
some of the other gpecies. The findings mgree with the
eaxliex reports of Anditti (1967), Anderson (1967}, Arditti
(1968), Mowe (1973) md Mec Intyre (1974).

5.4.4 Depdxobiun mogchgtunm

The infiividual treatment of banang snd coconut

water (15 per cemt) produced beiter plant height. Treatment
with benana pulp produced maximum' number of leaves. The
finding is in full egreement uith the report of Move (1973)
whore he reported thab banane pulp promote better vegete:tiv;
grovth. No tresgtments produced gvod zoots. A sligat root
promoting ectivity was observed with banana pulpe. Bensns
pulp aleo favoured tho increment in greon and dry welght.

Epidenimm redlogne

Bemana puip end coconut water (15 per cent) esch
applied individuslly increased the plant height, le;i.’ nunber,
green gnd dry welght. The results sgree with the findings
of the other exzperiments and earlier reporba.

¥enis Coerules

Tregtments with 15 per cent coconut vater v/v
end benana pulp were slightly supsrior over controle. However,
banane pulp exhibiied superiority over coconut watex. Other
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grovth charecteristice were also not encouraging. Eaxlier
reports statem that cocomut water end bansma pulp incressed
germination percentege of Yandg to abtout 80 per cen'
(Lavwence end Arditti, 1964). In Cymbidiuy better growth
wes obaerved with cooonut water (Rosa gt HLe 1977). Hovwever,
the present study does not egree with the ébova r;po:cta.

P2oot 0f prowth substengces in combi on_wi acmplex

organlc siditives

Riffexrent treatments wero glvem comblning ghe growth
substam;es md other =dditives to study its combined effoct
on grovth end development of orchld seedlings.

Bletillg hygeinthing

-

A combingtion of treatments with FAA 1 ppm, IAA 3 ppm,
GA 0.3 ppm, coconut water 15 por cent emd banena pulp 15

per cent wers spplied on Vacin and Went mediume A high

rato of growth was noticed vhen basnana pulp slone was useGs
Similer results were obtalned vith a combingbion of =11 the
additives, but without coconut water. The results indicate
that benana pulp =lone is capable gf irc reasing growth of
Bletilla hyacinthino seedlings. No apprecichle gmwtp
:h_m:ceaseﬁ vwad obsoxved when =ll the five additives were used
together,

5.5.2 Fhelus ugllechil

A combingbtion of suxins (YAA and IBA 5 ppm),
cogonut vater and bmnema pulp (15 per cent) wore e.pf)lied
elong with medium. A combingtion of IA4A, :EBA end bansna pulp
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produced better resulis compered to other trestmentis. IAA
at 5 rpm dlone 8lso produced better results but to a lesser
degres. The effect of coconut water end banens pulp on
grovth of Oaktleys, Gymbidium and Dendrobium has been
enphasised (Lewrence end Arditti (1964), Rose gt al.(1977)
end Move (1973). 7

5.5.3 Spathoslottis plicals

A combination of treatments (HAA end IAA 1 ppn,

IBA 5 ppm, beens pulp and coconut water ) vere gprlied

on M8 medium for tho culture of Spgthodotils plicata.
Better plant height!root number, green smd dry welght were
rocorded with a treatment of all the five additivea. Trestment
with benena pulp elone vas sligiztly inferior %o the treoatmont
combinsation. This indioated that the growth promotion in
treatment combingtion is mainly due to bgnanza pulp. The
numbex of leaves were maximum in a combinsbion of ooconut
vater along with dll the three auxina and it ves closely
followed by a treatment with g1l the three auxzins alone.
Hence the increesed leaf number cen be due to the effect

of :Lnte:caction_of euxins gnd the coconut water hes a negli?
glble role in incressing the number of lesavea. However,
Chonnaveerelgh end Patil (1975) reported that 10 pex cent
coconut vater with cesecin hydrolysate increassed the growth
of Spgthoglottia on Whites medias The beneficisl effeot

of cocomut water has been reported by Mac Intyre st 5&(1974)-
The results indicate that eoconut vwater along with other
edditives euch as suxin or casein hydrolysate accelergte
the growth of Spothoglottis plicaty seedlingas Trostment
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vith gll the thres auxing pmduced more fresh gnd dry weight.

5+5.4 Dendrobium moschabum

The combination of treatments were made with IAA 1 ppm
end GA 1 ppm with end without coconut water end benana pulp
{15 per cent). Meximum plant helght, leaf number, xoot
nunbex, root‘length, groeen and dry veight were observed with
o combination of IAA and GA 1 ppm and bmmena pulp. Comblnation
of a1l the Pour additives vere also muperior but they verg on
par with the treetment of bemme pulp alone. The superiority
0f benen a pulp over othexr additives are further_ emphasiged,
in thie oxperinents Zhe offect of cooonut weler was no¥
promiging. The meedlinge produced on medis wigh coconut
weter were pale smd unhesalthy.

9+5.5 Bpidendrum rgdiomg

The treatment comblnalions were fixed with NAA
(1 ppn) emd IBA (3 ppm) with end vithout coconut woter md
't")anana’pulp. Moximum grovth (plant height, leaf end root
rumber root length groen md dry weight) Wes obsexved in
a_combingtion of NAA 1 ppm, IBA 3 pru end coconut watex.
Combination of all the four additives also hal betlex growth.'
Preptnend vith coconut water sglone Wes proved inferior
to treatment with bznms pulp alone. But along with EAA
and IBA coconut valer exhibltod better growih performence . The
inoresped growth promoting setivity of coconut water hna beem
described eswly by Iavrence and Avddtti(1964), Ardittl,(1967)
Mec Intyre (1974) end Rosa et gb (1977).
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fheo combinatlon of treatments were fixed at 1 ppm
of NAA snd GA 15 por cemt cocomut water v/v and banana
pulps A treatment with NAA, @A ard coconut wvater ves
puperior to other treatments. The growth invigouration
was exl;ibited when coconut water was used along with FAA
end GA. Combination of all the Zoun additives were also
saporier in pronmoting the growth of protocorme emd
differentistlon. The results obtained in a combinabion
of NAA with coconut vwater and GA with cooonut wateT were
dlmost gimilar, vheress NAA and GA with beansna pulp hed
vory pooxr gmwith., The results indicate that in ¥Yandg
seed culture cocomut water is more effective then banana
pulp in the growth of peedlings. Tho results egree’
with the findings of Arditti (1967), Rosa g% gl (1977).

5.6 Qisgue cmlture
5.6.‘i Cymbidium meristem culiune

Oymbidivm meristem responds very well to Wil -
medium({Iiquid). The other media tried (KC,MS, BN md
WH) d&id not glve very good resulis. Hazl.nmm frech velght
of és mg. wes obtained in VU medium followed by 67 mg
in M3, BN end RC did not glve any resulis and mexristem
remeindwi thout change emd ultimately turned brown end
dled.

TAl.elone hod no effect. Hovever in combinmtion
with FAA fresh welght wes increased. Higher concentration
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of NAA end 2, 4- D (5 ppm) were irhibiltory end inhlblied the
synthesis of chlorophyll, similer results of higher concene
tration of NAA and 2,4 ~D vere also repeated earlier by Scully
(1967). Puxther 2,4=D ig least suitable than NAA as an euxin
foxr iz'x vitro propesgation of Cymbidium as it Bisturbs the chloro=-
phyll synthesis and glso induces abnomelities, this vas elso
observed earliier by Uedn mmd Torikete (1968).

5. 608 Nodg culture
Bendrobium pierérdi-.g,

Bxperiments conducted to standardise g sultable medium
for Dengrobium plergrdil nodal cuttings had ghouwn that the
Veoin and \ent medium took the shortest time for initiation of
growth_. No growth initiation vvas observed on Burgeff N31‘
medium. Knudson C and IS medium took almost the szme time for
initiation of grorth, Knudson C medium produced cellus f£rom
2 nodal sectlons. None of the other {nedia conld produce callus.
Howvever mpximum number of plam;le'h‘s were produwoed in Vaceln and
Uent mediume. Number of multiple shoots were glso maximum on
Vacin gnd Yent medium. Other growth cheracteristics sich
as plant height, number of leaves and mean number of roots
vere megximum on Vacin end Uent mediume The results irndicatied
that Knudson ¢ medium is best suited for callus formabion
from lateral buds snd Vacin end Uent medium for plentlet for=
mation. Sultability of medle for callus :Eomgct;ion,di:rfem-‘
tiation and growth hes been reported by many investigators on
difforent specleg of Dendrobium Klimdson C mediun (Velmgyox,
1974), Marston medium-(Mare-aton, 19I66), Vecin gné Went medium
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for Dondrobium Ball Dendroblium Cleracooves, Dendrobium pobile,
(Segeve Velnayor, 1966 and Volmayor Sagewa (1967). Veoln
end Yent medium for Dendvohium "Jaguelyn Thomas" {(Xarel, 1963,
Singh end Sggeve, 1972}, EKnudson B ! modium for Dendrobium
"May neal) D. "Pompadoun” (Vejrsbhaya end Vajrabhoye 1974).

The oellus formed on the basik medlum vere sgein

subcultured into Knudeon € 1liquid medium for proliferation

of tissuc. The offect of tissue mroliferation on liquid .
media hes been well established (Street, 1969 end Cheng,1978).
Callus production ie further enhanced on sheking the modim
in @ echaker (Heller,195% ma Uhite,1963). The beaic medie
was supplemented with O.1 ppm 2,4=D ard 15 por cent coconu%
water and 1te combinetionss The callus tissue further pro=
liferated with in a peribd of 60 doyss It has been reported
that 2,4~D at very low con%gzt:arb:l.on induces sbnormel growth
of ’tissue {Tommesbech,1972)}. However, it is reporied that
in some othexr species 2,4-5 at lover levels promoted shoot
develgpman"s (Veda and Torikete,1969 end Ichihnashl and Kako
1973). Ooconut waber stimulate growth in meny epiphytic
and terrestrial orchids (Meo Intyre, 1970, Rosa et gl. 1977).

The callus bodlies were again sub=culiured on solid
Knudson O medium along with IAA {1ppm) Ba(ippm) coconut
water 15 per cent end its combinatlon. Hoveve;*. coconut
vater treatment alone hai differentinted more number of
plentlets within a short perlod. Number of leaves ané roots
rroduced end plent height vere olso more with coocnub water

troatments The regpults of +treatment combination with eil
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the 3 additives hef glmost identidal resmlis with NAA (ippm),
treatment. The effect of NAA on plent growth heo been repz;r-
ted 1n Cattleya (Boesman, 1945, Iindemann, 1967, Ueda and
Rorikata, 1968, llatsuil ot gl. 1970, Foanesbech,1972. Ichihe~
shl znd Keko, 1973, Bapet and Norayanaswemi, 1977 end Eusu-
moto, 1979,

5.6¢3 Ipidendrum radicsns

¥hile comparing the seleoted five medla for cellus
development ard plantlet formation, it wes observed theb
Enudson € solid meddunsras i’ound’to induce mexre number of
cellus bodies and plantlets. Vacin and Vent mediumwas also
found satisfactory in plemtlot formation but only one ogllii
ves produced. Sultability of medis for Epldendrumn tissue
culture has been studied ain detall and varlous nedia ere
rocommenied, Ifurashige-Skoog snd Knudson C media{Churchill,
et gl 1970), Vacin and llent medium (Jagewa eand Valmayor,
1966 and Volmayor and Sogave,1967), Heller and Knudson C.
medium (Churchill et £1.1971 and 1973), Ojima end Fujivera
medivm (Churdchill _é_t_ gi,, 1972). HOUB‘:TBI.‘, the present
rosults oloo indicated Enudson ¢ medium es the most sultable
for callus formabion. ’

Further proliferation of the callus was nede by
subculturing the tissue into solid Knudson @ medium with
2,4=D (001 ppm) end coconut weter (15 per cent) glone snd

in cc;mbinations. The cgllusg pn:oli;?eration wes satisfacltory
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on treatmoent with coconut water alone. 2,4=D also induced
collus formation but to a lesper degrde, Although 2,4-D
induoe abnormel grewih (Fonnes bech, 1972) no such resuits
could be obteined with Fpidendrum rgdiomg. However, ithe
raporto of Chenneveeraich end Patil (1975) on Spathoglothig
pliocgtg =&nd Roea gt £1.(1977) on Cymbidium verc found %o ’
substentiate the results obiained in this study with

coconut watex.

The csllus bodies were subcultured into the same
fresh media with IAs (1ppm) B ({ppm) md coconut water
(15 per cent) individually end in combinaticon for differenti~
ation of shoa‘t end raot. Treatment with a combingtion of
NAn (1 ppm) and cccomut water, took minimum time for shoot
ini‘b:i.a‘bion‘and produced heolthy dark green plantleta.
Troatment wlth coconut wrater nolone gleso initleted shoots
in @ shert time end produced hegolthy planta. However, NAA
glone took more time for shoot initistlon. This indioates
that ococonut tIat'OJ-.‘ accelerated the growth vwhen used with
groith substances. 7The increased effect of the treatment
may be possibly due to the effect of coconut water. The
stimil gbocy effect of cocomut vater on protocorm diffexr—
entiation end greater production of chlorocphyll in ths plants
were alrepdy reported by Pollard (1961) end Vanstaden and
Dreves (1975). The results of the pze;ent study also fully
agreer with thelr £inding.
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5.6.4 Vmnda tores

Single node cuttings of Yznds teres vere culitured on
dlfferent medie. Only three medim (Vecin and Went, Burgeff
NBF end Modified Vecin md Uent) could initigte growth of
eXplents, EKnudson 0 end Hurashige-Skoog media did not pro~
duce eny symptoms of growth. Maximum growith was obsexved
uith Vacin and Hent medium followed by Modified Vaecin and

Went medium.

The development of explanis and subsequent growth
vas very fast onVacin md Hent medlum. But the development
ofl explants were very slow on Modifled Vacin ad Went end
Burgeff N31‘ madia. However the subsegquont growth on Modified
Vaoin and Went medium was 1littile faster than in other medis.
No plants produced roots except on Burgefs H3F medium which
produced few roots, The growth promoting effect of different
medis with Vands apecles hatgé veen roported early. The Vemoin
end Vent medium hes been reported suitable for Yends. ( Rao
md Avadhani, 1963, 1964; Reo, 1963, 1964; Segeva snd Velmayox,
1966; Segeve and Sehgal, 1967; Goh, 1971; Kunisald eh gl.
1972; ond Velmgyor,1974). Uhites medium has been reported by
Goh (1970) 4 )

The laberel buds of the explents bulged glighily
showing a symptom of bud initiation. Ieter they Pomed into
% seml opberical bodles. Xunigaki gf gl. (1972) reported the
formation of such seml spherical bodies inVende @5 " Ilss
Jeoquin". These bodies were excised mad mb-cul‘t:urc;dfmiiquid
Vaain azzd Went mediunm for furthex prolliferation. Treatment
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with NaA (1ppm) alone produced callus bodiess

The callus bodies sub~culiured on so0lid medig with
NAA 1 ppm end coconut water formed into plantlets. [The
resulte of the experiment are in full agreement with the
reports of Kumisald et gl- (1972)%

5.7 Boot culture studien

The merisiomatic region of the aoxigl roots of .
Depdrobium were cultured on different media. 411 media
initigted grovth of the moto bubt limited to root extension
only. Ho explent produced cellus. %The roois exteriled to
vorying degrees. The findinge egree with the report of
Churchiil, Ball and Arditti (1972). They reported in
Epidendrum 00t culture, all they produced was roots,
glbeit longer roots. Stewart and Button (1978) dl=o repor—
ted that the media supported xoot tip grov-rth :E;r a limited
time. However he could get vezry smell cgllus in some roots
of Bopidendrum. The xesulis of the present study did not
shm'r eny sign of callus development. The roots only extended
and lebter they dried.

5.8 Histochomioel studieg
5+8.1 Seed gexminghion

The gtructure of orchid seed has elready been
deseribeik in detall (Arditti,1967). The seeds of Blotillgp
hyscinthing containg relatively dlfferonti ated eml‘aryo
vith‘a rudinentary cotyledons. Ia eddition to this the ssed

doeg not contain even n trmce of endosperm tissue. The
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spherical or oval shaped embryo hes go% a suspensox protru=
ding at its one end. The remasining part of the embryo is
meade up of cells glmost aimiler in their structure md his-
tochemicel contents such es insoluble 1ipids end proteins.
Thus the eeed does not scem t0 show any polarity &0 fer ase
the diatribution of lipids are toncernsd. The embrye of
Behyselnthing 1s free £rom staxrch deposition vhich is in
conformlty with the composition of the embryo of Csttleve
(Harnst;n. 1971) .

The secds sown in the nutrient medium ere ready
for gemination. The cells of the embryo adjacent to
nutrient medium imbibe =md ebsorb water and some nutrients
fram thé medium. Buch anm ebsorption results in the swelling
0f the embryos The membranous seed cogt is ruptured and
the embryo protrudes out. The subsequent increase in the
gize of the embryo is accompanied by the enlargement of
its cells. The intoke of | ¢ carbohydrates in the form of
sugars from the medium seems to hesten the degradation of
1llpids through pB-oridetion end to form sterch. This
observation is in conformity with the heppenings in the
germinating seeds of Ogttleya (Harrison,1577).

The enlargement of the embryo 1s followed by the
foxmation of some ebsorptive heirs or rhizolds at its basel
end, Such em embryo with ebsorptive helrs end stored food
naterial in its prenchyonsious cells cem be called protorm
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1ake hody (FILB)e The nutricnts dbaorbed by the rhicoidp seenm
%0 nove An the basnl pord of e FIS by o clmple diffusion
rhenosaon on theze ia 0o evidence of the formation of vescules
oxn provanculer etvands in thad rosions %he PLD enlarges
further by en increpss in the sire omd nomber of its cella

md hecoms s top ehoped bodye

The ¢alla s the boosl end pf the DID gre largs vhile
those ab ity epox ove vexy muslis A degrossing greflsnce
19 exaidbited in the ¥IB £20m bese to ADEX in the sise of oA ls,
airs of nuclsi md in the elce gid quaniity of tho stoxed
stoxch croina. On thes @nbtrary soR incroaging gredionte is
obssrvod in tho E5A and protelin coxbente f202 boas 0 opex
in the FIde %us enlovged cells nogw the tassl end of PLD
sppear %0 be concermed with 4be edtive sterch scoumlation
and sudbssquens dogradation into visplay cerbohydrates 4o te
trmeporied $0 the shoot rpox, ¥hich 18 & rogion of cotive
gxouth and diffeventiotione

The ingresscd DA contest inm e enlorged nuoled
of the bpanl cells perhrpe faoilitatss dn governing thale
specifio zole in supplying tho mutnlcnts. o presantaf
ridh oytoplasmio BIA elong wWth the ghaenca of sborars
onrbohydrates 1n the modl alced opdcol colls peships indicatesn
their zerintonpiio nature, In muppord of thin, thel® prOe
porticnotely sanll eised Giploid ‘n,nch:!. oro densgely stained
ulth fauigen resgent for thetr DUA content. She narTow group
of cellg in the upper niddle yarb of the gornlneting oeed,
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connecting the apicel meriptematic zone with the besgl storage
reglon perhaps gid in tramslocation of nutrients fmm the
latter o the former. Hence these group of cells lacking
xylem end pholenm differentiation can eptly be ocalled as
provesculor strandse. However the presence of rich cybtoplasmic
RWA end proteins in these cells suggests a high rate of
neteboliama

Thus the provescular strands secms to be not merely
& pasgive structure of tramslocation but its cells are
elso metebolicelly active. Tho increased activity of this
group of celle mgy be perhaps concenred with the prevention
of reversible reectlons snd/or with the transformeilion of
some raw motabolites into other Ifomms oo needed by the

meristematio celle of the shoot epex.

The greening phase of PIB ls maxked by the diffor-
entiation of chloroplasis in its cells exposed to lighte
In tho meenvhille the stomala 1ri~l.;h well formed guawd cells
diffexrenticte in ‘the epidermis of that region. The
chioroplasts take pant in photogynthesia.stomata eid in
exchange of geses end the rhizoids absorb water smd nutri-
ents theroby the PIB shows the signs of inltigtion of
eutotropisme Uith this crucial 'event further structural
di £ferentiation seems to get hastened.

The leef primordia, which prigse laterglly neaxr
the primodium of the shoot agpex, have horse shoe chaped
structures mede up of smell cells rich in RNA and proteins
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The storage polysachharides are completely absen® in thase
cells, Tho differentiation of leaf tissues is gradusl and
acropetels Wlith the differentiation of the leaf, 1ts cells
enlerge and the cytoplasmic RNA and protein conbents diminishe.
In $the meamvhile the chloroplaets sppeer in the mesophyll cells
md stomata differentiate in the epldermis of leaf.

With the dilfferentistion of leaves, the plantlet beocomes
photosyntheticglly more aciive. Tho surplus photogynthates
flov bf;ck $0 the leaf base,then move to the bese of the shoot
md get converted %o storage starch. The cells at the base
of the shoot multiply and enlarge to form = bulbous structure
Lmown o8 pseudobulbe. AL the time of initlation of the
paeudobuld &ll the cells are simller both in structure end
chemical contento. Subgequently with the enlargement of the
buldb some of the parenchymatous cells also enlarge enoxrmoualy,
vhile their surrounding cells remaln as such with 1ittle
structural alterations. Thus the vell differentiated pseu=
Gobulb has got two kinds of perenchymatous cells which differ
from each other both in structure and chemicel contents. The
large cells sre isodigmetric end they contain lexge nucledl
rich in DNA, higher concentration of RNA,proteins end starch
greinsg at various steges off degradation. The smgll cells
eppear narrov in longtiudinel section snd they contein smell
sized nuclel, low concentration of cytoplasmic ENA end protein
and rich mccumuletion of storage starch. All these show
that the large cells are metabolicelly moxre active then the
small cells. The large cells perhaps play en important role
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in supplying the nutrients to then ghoots and roots, yrhich
differentiate near the base of tho pseudobulb. Hence those
cells are comparable to the large basal cells of PLB of Jendg
in theolr structure, chemical compositdion and function to a )
cortain extent (Alverez and Sagaim, 1965). Subgequently the
large cells comf:le*bely loose thelr cell ;oz_xtents end they

may become alr or vater storing struciures.

The vascul.er strends vhich get differentisbed in ihe
mesnthile connect the buse of leavea to the bape of pseudobulbe.
The well differeniieted xylem ond pholem of these strands
geem to facllitabte the movement of metebolites in this storege

organe

Yhen an optimum level of concentration of storage
gubgtance 18 echieved gome of the cellis at the base of peeu~
dobulb probebly (lfferentiate into laterel shoot primoxdia.
Thege mey develop into posltlvely phoiotropic vegetative or
reproductive thoots. In the mesavhile at a slightly lower
level some of the cells at the base of the pseudodbuld
differentiate into root primordie vhich further develop into
roclitively geotxopic adventitious xootse The plentlet with
ite $Tue rooits cgpeble of ebsorbing vater end minersls snd
with its photosynthesising choot system hag hecome completely
autotrophic. Even after this the FPIB remalns aettached to
the base of the pseudobuld for some more 4ime acting as a
veatigeal structure which degensrates in due course. The

developnental nieges during the gernination of Bleliila
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hyscinthing oeeds is represented disgramstlcelly (Fig.13).

Carbohydrate mobilization pattern

The carbohydrates gbgorbed from the medis through
the rhizoids diffuse to the tmoel cella of the PIB from whid
they £low into other cells. Tho absorbed omxrbohydrates
probably get converted to storage starch and 1gter the
stored starch greins dograde into specific type of sugerse
vhich move to the {ip of PLB 10 help the dif fermmti ation
of shoot epexe Tne mobilizption of sugers in the PIB is
through diffusion from cell to cell 1ln it bpesl part,vhile
it is through provascular strend_s in its upper pert. ALL
these indicates that the mobilization of carbohydrates io
acropetal in the PIB.

In the autotrophic plantlet the leaves are photo=
gynthetically active. After utill:i.zationof some of the
photosynthates for ites oun differcniintion, the leaf #llovs
the excess to flov into the bose of the pseudobulbs. The
photosynthates further diffwe froom the besel cells fo their
contiguous cells,vhexre thoy get econverted into sterch eméd
accunulates Unile the photosynthates mowe downwerd in the
vascular strends, some sugars diffuse into the nelghbouring
cells of the vesculer strande and accuwnulete as sterch grains.
Later, after attalning an optimum level o storage the sterch
near the ’b?,so of the pseudobulb gets degroded into spcs#ifio
Iindé of éukxks vhich £lov into differentiating end groving

lgotergl shoota end roots. The mobilizalion pettern of
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poseldbly due to the presence of partislly diffexentiated
embryo (Burgeff, 1936; Heviey, 1951), The nusber of duys
for socd gerninabion and laef pecduoilion ave rerbemdmied
grophically. AXthough Blatillg hyscinthine is a ground
ozchid it remponded woll to p medium ulth lo¥w gelt con
centratione The plm+t helght, root anumber, green dry vweoight
wers recorded natimum in thie nedium. Bleiills scedlings

grov ot 2 low selt concantration.(Fig.4).

5.2.2 Pheiug ¥eljohil

Seed germination wes vexry slow ir all the nedig.
Ho germination wes noticed in Burgefd 331? medliag. However
Veein aed Went medis proved superior over othexs. A repld
geed germdnation end growth wea; obsorved on Vecin and Went
nedinmalthough ihe medimmconteins only najor elementa. (F1g.5).

5.2.3 Epddendzuy padiogng

A1 the five nutrient media xesponded well in
gerningbion end further grouth of sesdllngs. Hovever,
quick gerrination and growth ves obesrved o2 Teeln md Uenk
wvediuge Epidendyiy is en eplpiyiic orchid, whilidh woguires
lov salt coucentration in tho mediume Knudaon C also
induced giick germinatlon. The resulis agred with the
Teport of Pogawa end Velmeyor, 1966 wmd Valnayor end Sogava,
1967+ (Fig.6).



FIGK-NUTRIENT MOBILIZATION PATTERN IN A
DEVELOPING ORCHID SEEDLING (Diagramatic)
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caxrbohydrate is reprepented diagrematically (Fig.14).

582 Tiasue culture

In the first phase of callus formation uniformly sized
periphoral cells are formed to contaln rich cytoplasmic RNA
end proteins, vhile the starch greirs ere few in number. These
colls eppeexr to be metebolicelly more gotive then the interioxr
0olls of the callus which gre enlarged to various degrees
and contain less of RNA and proteins bub e rich agocumulation
of storage stnrche In the second phase vhere the shoot gpex
differentiates fxrom the pexipheral cells, the meristematic
zons is made up of smgll sized cells rich in RNA end protelns,
vwhile sterch is completely sbsent Zrom theme. Ferhaps the
prascusdors of RNA, proteins end the soluble sugers needed
for shout differentigtion diffuse from the neighbouring
pexrivheral colls end also the enlarged inbterlor cells. Thus
the peripherel cells together with the enlarged interior
cells perheps pley the role of nutrient resexveirs to the
differentiating shoot apex.

, Hear the lower part of the shoot gpex the leaf
primordia get differentlated, which develop into leaves
subsequently. At this stege the plentlet takes part in
photosynthesis end 1t has become autotrophic. In the
meanvhile from the beco of the shoot,the edventitious roots
differentinte, vhich gror as positively geotxoplo atructures.
To facilitate the movemont of vatexr, minersls and metebollites
the vescular strands also dlfferentiate In -the »oots, lesves
amd shoot regions of the plant. The callua differentiation
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F1G.15. CALLUS DIFFERENTIATIONC IN ORCHIDS
DENDROBIUM PIERARDII

1. callus 2. m}lus fomalon

3. Differentiation
a

FIG.16 BASIC FORM OF ORCHID SEEDS
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in orchid {Dendrobium piersrdii ) is represented disgramati-
03,].13‘(1‘13.15)-

- o~

59 Chromogome ingtgbility in tissue cultuxe

In the present sh;dy coll ghaormalitice with large
goale chromogome vaerlations in cultured cells were notlced.
The cells vhich conbaln more than diploid number of chroe
mosomas, cell fusion or chromosome doubling folloued by

elimingtion is the probable cmse.

It is well known fact thot celluler ond nucleer
budéing ere brought cbout by the presence by the surrounding
cells vhich is et its optinum in calius cells,cytologleal
and smatomical observetions alm suggestd theat stress mey be
en importent fector in abnormal cell bohaviour {(Ycoman and
Brown, 1971) further higher concnetration of au%d.ns, hormones
sod othex a;ijuncts in nuirliont medie also help in the for=
natlon of polyploid cells by errcstlng tho spindle Ffunciion.
Demoise ené Partancn (1969) on their study of Pgoonig have
given the possible explmm%ion of myxploid cells in tissue
culture on the essumpiion that the environmentdl condltlon
of in vitro eultures encourzges a process of Endoreduplica=
tion omong the diploid cells, stimulabting a poriion of it
to become tetregploid, however if the teteaploid cells do
a0t have the capacity of continued cell division end stopped
dividing, the diploids took over ia following culturos. This
expleins the hilgher percentpge of normel cells in tho pre=-
sent case vhen cells from d&ifferentieted callil wero

anealysede
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CHAZTER VI

SUMMARY

Investigations were maie to standardise the most
suitable media for seecd and tissue culbure of oxrchilds.
Studies were also mede %o knov the individusl epd combined
effect of grouth substances esnd other additives in promoting
the growth of plamnts. Cytologloel snd histochemical inve-
gtigations twere algo mede to kmow the oytological varigtions
in the cells of callus tissues and 4o knov the histochemical
changes essoclated with orchid geed development. The

results are summarised in this chaptex.

6.% Seed culture giudieg

6.1.1 Standerdization of medin

Five different media (Enudson C, IMureshige-Skoog
Vacin end Vent, Burgeff N,F and modified Vecin end Went)
wrere compexed for the germination and growth of seeds of
glx different oxrchid species. Vacin end Uent medium vas
superior in respect of germination, growith and development

of Bletills hygcinthing, Thgius yallichil and BEpidendrun

redicange.

Bletilla hyacinthing seeds had betier germination
(83 per cent) due to the presence of partisdlly differentiated,
embryo. ZFhzlus vellichii took more number of days for ger=

mingtion =md the percentage was poor and the rave of growth

vap glow compered to the growth of other
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gpecies on Vacin gnd Went medium. The germination and
seed:L:Lng groﬂ'hh_of Epidendrum redicang  was better om Vecin
end Went mediume )

‘
Kurashige-Skoog medium wes found superior for
culture of BSpethoglottie pliostg and Yendg goerulog « The
gernination of Eggtho@:c;ttia plicgte Wes bétter 6n M.S mod Jume.
The plent gmwtl;. ugs also excellent. Seedlings were tall,
daxk green md thick with a well developed 100t system.
Although the gexmination percentsge was lov in Vandg
coerulea, the seedlings were healthy with daxic gree;l foliage
and thick snd long esriel roots. The increesed growth nate
in these species may be due to the effect of higher smount
of macro and mlcro nutrients present in the medium compared

%0 other medig.

The Burgeff H3F medium proved superior for
Dendxohbiung only, The growth md developuent was quite
patisfactory in this mediume

6142 Bffoct of wih substemces emd other additivea
Bletilla hyecinthineg )

Individudl treatments with IAA =t ¥ ppm level
proved superior to all the other tremtments. Other itreatments
with IAA 3 ppm and GA Co3 ppm also exhibited grovth stimue

" lation, but to a lesser-extent. All the other treatments

tried were either inferiox or on par with the comirol.
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Benane pulp end coconut webter at 15 per cent had better grovih
pmmoting offect. A combination of tregtment with IAA~1 ppm,
Tan-Vppm, G4, 0.3 ppm, banena pulp end coconub uatgr i5 per

gent v/v resulted in excellent grouth of seedlings.

Shelus wallichil

Only muxins exorted grouth promoling effects. Indi=-
viduel treatment of IBA ot 5 ppm md LAd at § ppm rosulibed
maxlaum shoot end root growth., Coconut waler at 15 per cent
did not produce euy promiging resmltas. Banera pulp {15 per
cent) resulied in bebier plont growth =nd green ead &ry
veight. No genuination vee obbained with 2,4=D, GA end BA
at all concentragbtions. Trogtsent with IAA and IBA S ppm ond
banma pulp 15 per cent remlted in bebter shoot, leaf and
root developuent. The green =nd dry welght wexe clso Lilghor.

Spathoglottis plicpte

Individusl troetments with NAs (ippm), IAn (1ppm)
end IBA (5 ppm) vere found promising in increesing ¥he growth
of geodlling. 2;4-1) et all concentrations induced heavy
callusslng, Other treatments were not surorior over controle
Treatment viih bamanaz pulp produced better gmvi_:h. But the
results with coconul wabter were not encoureging. Hovevexz,
the production of root and green end dry welgnt vere satis=
factory. 4 combinalion of treatments with all the £ive ofidie
tives (Nas 1 ppm, IaA 1} bpm, IBA 5 ppm, banane =nd coconut
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vatexr 15 per cont gave very promising results in respect of
growth and development of seedlings.

Bsndzobiun mogchatum

The resulis obtained with dlfferent edditives were not
encourgsing, compared to the conirol. However, treatment
with Ias (1 ppm), GA (fppm), barane pulp (15 per coeni) end
coconut‘,xr;rber (15 per cent) were superior to other t:;atments.
Tregtment with bemana pulp ond GA 1 ppm hed infuced better
shoot mnd root grovth md green end dry welght. A combination
of treatments with IAA 1 ppmy, GA 1 ppm and bananz pulp i5 poxr

cent resulted in significantly high mate of growth mmd dry

matter content.

Epldendrum redicens

Individusl treatmonts vith NAA at 1 ppm and IBA
53 ppm produced better growth end development, compaxed to other
troatmwents. Individusl treatment 0f benana pulp 15 per cent
end coconut veter 15 per cent proved slightly inforior to
treatment with emxins. 2,4-D et lower concentration induced
plent growth. NAA at higher levels (5 ppm) produced hesvy
smount of calius and at lover levels hesl%hy seedliaga with
stout and thick roots. A combination of treatnents with FAA
1 ppm, IBA 3 ppm end coconut vaber 15 per cent favoured the
development of very healthy s@eélings with thick long roots
end more green and dry Welghte.
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¥endp coeruleg

Better grovith ves obtalned when HAA {1 ppm) end Ga
(1.0 ppm) Wes used individuallye. Tho xresults witn the use
of bhegnane pulp at 15 percent and cooonut water at 15 por
cend vore not encouraging md were proved inferior to treat=
ments with growth substances. However, they brought gbout
elight increese in grovih rate compared to control. Out
of the severgl combination of tregiments, tremtment with
GA { ppmy, NAA 1 prm and coconut water 15 per cent resulted
in opaximum growih, including green end dry weight. A
combination of all the four pdditives (a4 1 ppm , GA 1 ]‘apmi
coconut water 15 per cent end banena pulp 15 _per cent dlmo

ogused better growth, but to a leaser degrea.

6.2. Tissue culture studlas

6+2.1 Cymbidium: perigtem culture

Five different 1iquid media (Enudson G, Murashige-
Skoog, Vacin and VUent, Burgéff NgF and Nodified Vecin end
tent) were tested for callus fomation. Meristems cultured
on vécin end ¥ent meddum produced highest amount of callus
(85 mg) followed by Nurashige~Skoog medinm (67 mg). Treat-
ment with IAN sglone hed no effeck, but a oo!;abination of
Hah end IAA at 1 ppm dncrepsed frech weight. Higher cone
centration of Nad ( 3 mé 5 pom) md 2,4-D{5 prm) were found
inhibitory. . ' i
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Tho latersl buds elong vwith g portiocnof the stem from
Dendrobium piererdll vere cultured on different nutrient media.
Out of the five different medim tested, Enudgon C initlated

more number of ozllus bodles, whereas no cgllus was iaitisted
on Vacin end Yent medium. Instead they produced mgximum
number of plantlets. B8Ubculturing the os-1lus on Kuudson

C mediun with coconut water {15 per cent) differentiaied
naxinum mumber of plantlets with more nw;fbez.‘ of leaves and roots.

The time tsken for development of tissue was 2lso dlovw,

The nodal cuttings of Epidendrum radioens vwere alm
cultured on five different medis, out of which Knudson C medium
proved superior to gll others in profuding highest number of
cgllus bodies emd plentlets. The callup bodies Vere sube
cultured into the seme medium with auxins(IAA 1 ppm) end
cytokinin (BA 1 ppm) dlong with coconut waetexr (15 p;aa: cent).
Vexry promising results were obtained whth NAA (1 ppm) wes
used along with coconut water 15 per cont. Flent height leaf

emd root number were glso incressed by the above treatmente

The nodel section of Yanda fexes were cultured
on five different media. No media produced cellus bhodies.
But a small semispherlcesl body was formed gt each node. These
bodies formed into cellus when mub-¢culitured on 1igquid medium.
The callus bodies proliferated more md 1ater sgein sub-
oulturod into a solid medium with the eddition of auxins(NAA
1 ppm) end cytoldnin (BA 1 pom). Hore number of plantlets
were formed dus to a combingtion of trestments with ¥aA 1 ppm
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and coconut water 15 per cent. Treatment with coconub water

end NAA slone resulted only cellus growthe

6+2.2. Root culture

Dondrobium moschgtur serigl root tips cultured on
different medla did not produce eny camilug bodies. But the

roois further extended for come more time and later dried.

6.3 Histochemicsl studies
The seeds of Bletillg hyacinthing contain considerdhle

emount 02 stored lipids end proteins but no sterch. HNo
digtinct polarity ves exhibited In respect of the distribution
of cell contents. Subseguently with +the germinatioﬁ of seed,
the sugars from the medium moving into the embryo seeded o
eld hastening the degradation of lipide through B-oxidation
to foxm staxch. The pretocorm thus formed exhibited a
decreasing gredience in the size of 1ts cells, its mmolel

md in the size as well =9 quantlty of the scumilated starch
graing from the base t0 gpex. Ribonuelelic acid =znd protcins
ghovw an Ilncreasing gradisnce in the protocorm like bhodiss

from 1ta base to apex.

The basal enlarged cells took paxt in active
degradation of gtored starch end the degraded substaonces
vere 4rangported to the choot gpex. The tremslocation of
nutrisnte in ‘the protocorm like bodies were by cell to cell
diffueion in its lower part end by a group of conducting
ogllg, laclking xylem and phloem differentietion in its upper
pert. Confucting cells were rich in RNA zmd proieins
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