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INTRODUCTION 



Orchids are no doubt the most beautiful and 

•wondrous among a l l the flov;ering plants in the -world. These 

extraordinary plants ara jconomically important primarily due 

to t h e i r ho r t i cu l tu r a l and f l o r i c u l t u r a l appeal . Orchids as 

plants of ornamentation were known to ancient India . The 

flowers of Aerides and Rhynchostylis were used to be associa-

t e d with the f e s t i va l s and adorned by the l ad ies as "Draupti 

pushapa" and "Sheta pushapa" (Hegde, 1985). Some of the 

orchids were also \ised in "Ayurvedic" system of medicines, and 

also as food. Orchids, taxonomically represent the most 

highly evolved family among monocotyledons. They comprise of 

800 genera and 35,000 spec ies , d i s t r i bu ted throughout the world 

world (Bose and Bhattacharjee, 1980). Perusal of l i t e r a t u r e 

reveals the existence of 925 Indian orchid species (Jain, and 

Mehrotra, 1984). Out of 925 species , 284 are categorised as 

endemic, 30 have become ex t inc t and 105 are endangered (Hegde, 

1985). Six hundred orchid species are reported from the 

North-Eastern India, which represent about 65?̂  of Indian and 

1.7?^ of world orchid populat ion. 

Orchids are d i s t r i b u t e d in various fo res t s , g r a s s -

laiids and agro-ecosystems. The North-Eastern region of India 

i s r i ch in t r op i ca l wet evergreen, semi-evergreen, moist 

deciduous, subtropical broad leaved and alpine fores t types, 

which provides conducive environment for the establishment and 

growth of epiphytic and t e r r e s t r i a l orchids due to varied 

cl imate, s o i l , vegetat ion and topography. 
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The North-East India i s mainly inhabi ted by t r i b a l s , 

who commonly p rac t i s e 'Jhum' c u l t i v a t i o n . Besides, the 

increased population pressure coupled with other human a c t i ­

v i t i e s , i . e . defores ta t ion , constructioti of roads> daa^, 

ex t rac t ion of wood for fuel and fu rn i tu re , have fastened the 

process of orchid deple t ion a t a higher r a t e from t h e i r 

na tu ra l h a b i t a t s . 

Orchids are perenaia l v i t h epiphytic or saprophytic 

habi t i n nature* The vegeta t ive pa r t s show great var ia t ions» 

The majori ty of flowers of orchids are not pollinated^ t h e i r 

ovules are not f e r t i l i z e d and capsules are r a r e l y formed. Bî t 

where the re i s pollJbiation a l a rge number of seeds are 

produced which may range from 5000-1,00,000 per capsule. 

However, t h e i r germination i s very poor (3-59^) under n a t u r a l 

condit ions, because of the pa r t i cu la r fungal recjoirenent. 

Role of mycorrhizal fungi i n orchids i s ©nphasised i n 

converting the complex reserve food in seed-coat into simpler 

forms (Harvais and Hadley, 1%7b) which i s made avai lable to 

the germinating seeds and i t helps in ea r ly development of 

seedl ings ( A r d i t t i , 1967, 1979). In nature the grovth of 

pro to conns i s ar res ted as long as infeiction by s i i i table 

mycobiont i s achieved (Meyer, 1966). Efficiency of fungi i n 

hydrolysing and mobilising the s ta rch and other complex 

carbohydrates has been shown by some workers (P\irves and 



Hadley* 1975). The enhanced growth at ear ly s tage of 

seedl ing development i s also assigned to i t s incrrseed enzy­

matic a c t i v i t y i n root region due to mycobiont ^-hich may also 

provide vitsBJJins and Other growth fac tors (Harvais and 

Pekkala, 1975). 

Mycorrhizal fungi might produce some growth hormone; 

l i k e auxins, cytokinins , e t c . . I t was postulated t h a t such 

growth regula tors might not only f a c i l i t a t e the in fec t ion of 

c e l l s , but may alsK) s t imulate c e l l elongation, mobil izat ion ~: 

sugars and even ce l l d i v ^ i o n (Hayes, 1969). Variaus media 

have been used for s3mibiotic germination and seedling grovr \ 

of o rch ids . Cloo^iits (l979) found Oat medium most su i t ab l e 

for symbiotic see4 germi(Jiation. Lind«i (l980) studied a 

number of media fQf asept ic germination of seeds of orchids 

and found Burgeff 's and Fas t i s media to support good germina­

t i o n and growth. The asymbiotic germination of seeds oan 

t ake place i f the medium i s exogenoiosly supplied vdth groirth 

hormones, vitamins and t r ace el«nents (Harvais, 1982; 

Nakamura, 1982). 

Harvais and Hadley (1967a) st\adied the symbiotic 

r e l a t i o n s h i p between fungal symbiont and orchid hosts• 

Further , these authors (l967b) observed t h a t the seedling 

development in Orchis l a i ry i r e l l a was be t t e r i n symbiotic 

cu l tu res under low l i g h t and low temperature conditions than 
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i n aqymbiotic condi t ions , 

A major benefi t of fungus root associa t ion i s the 

enhanced absorption of nu t r i en t s by the roots from non - f e r t i l e 

or moderately f e r t i l e s o i l s . Absorption of phosphorus appears 

to be p a r t i c u l a r l y enhanced by the mycorrhizal system. The 

fungal-symbionts capacity to produce acid phosphatase appears 

to be an important pa r t of mycorrhizal absorption of phospho-

rus (Bowen, 1973). Gianinazzi (l978) has reported t h a t 

mycorrhizal spec i f ic phosphatase a c t i v i t y i s closely linked 

with the developnent of both mycorrhizal infect ions and the 

infected host p l an t . Infec t ion of roots by mycorrhizal fungi 

may also be influenced by phosphatase qoncentrat ion. 

Orchid population i s mainly influenced by the factors 

l i k e temperature, l i g h t , pJ of the s o i l and bark, amount of 

r a i n f a l l , humidity, type of s o i l and vegeta t ion , e t c . in the 

na tu ra l conditions (Hegde, 1985). 

Most of the s tud ies on orchids are r e l a t ed to the 

ef fect of growth hormones, vi tamins, n i t rogen sources, and ' 

complex addi t ives (Knudson, 1922; Quednov/, l950j Meyer, 1943 J 

Noggle and Wynd, 1943; Mariat , 1952; Withner, I959j|l; 

Fonnesbech, 1972; Mead and Bulard, 1975). However, work on 

the ef fect of some environmental f a c to r s , i . e . , l i g h t , sub­

s t r a t e pH, and t ^ p e r a t u r e on seed germination of orchids , i s 

meagre (Ueda a«d Torikata, 1972). And the ro l e of mycorrhizal 



fungi i n phosphorus uptake and phosphatase metabolism i n 

orchids has not been worked out i n d e t a i l . S imi lar ly , not 

much inves t iga t ions have been done on the growth iiormones 

production by raycoa?rhizal fimgi of o rch ids . However, some 

information i s SRrailable on the growth regula tors production 

by some ectomycorrhizal fungi (Ulrich, l960j Crafts and 

Mi l l e r , 197^; Ng e t sd^^, 1982) and by ves icu la r arbuscular 

mycorrhizal fungi (Barea and Aguilar, 1982), 

Therefore, the following work was undertaken to 

st\Jdy the effect of some eco-physiological factors on in v i t ro 

cyl ture of orchids both i n asymbiotic and symbiotic condit iors 

and some aspecfts of t h e i r metabolism. The present inves t iga" 

t ions have been categorized as follows s 

i« Studies on the effect of temperature, jii and 

l i g h t on asymbiotic seed germination and subse" 

quent seedling growth of orchids . 

i i . Stuuiies on the effect of temperature, "jH and 

l i g h t on symbiotic seed germination and subse­

quent seedling growth of orch ids . 

i i i . Growth hormones production by mycorrhizal fungi 

of o rch ids . 

i v . Phosphorus uptake and phosphatase a c t i v i t y in 

mycorrhizal seedlings of orch ids . 



REVIEW OF LITERATURE 



Orchidaceae, is one of the largest and most diverse 

of all plant families (Garay, i960). Its representatives may 

be found from the Arctic to the Antartic in bogs, deserts, 

valleys, plains, hills, moiintains and even belowground 

(Hatch, 1953). Size of orchid plants varies from 3-4 mm to 

several meters, vhereas flowers may range from 2-3 mm to 15"20 

cm or more in diameter. Such wide variations necessitate 

numerous adaptive characteristicsj for example certain orchids 

may contain little or no chlorophyll (Senn, 1927) and are 

therefore, saprophytic and parasitic (Burgeff, 1932; Hamada, 

1939; Campbell, 1962, 1963; Hamada and Nakamura, 1963) • The 

specialized flower structure has resulted in characteristic 

pollination mechanisms (Darwin, l888) which include^ pseudo-

copulation (Ames, 1948), self-pollination (Knudson, 1956) and 

cross pollination (Dunsterville and Garay, 1959). The most 

interesting adaptive features of the orchidaceae are those 

occurring in the physiology of their seed germination 

(Constantin, I9l7). 

At least three distinct periods may be delineated in 

the investigation dealing with the orchid seed germination. 

During the initial period, investigations were limited to the 

study of symbiotic relationship in orchids (Bernard, 1899, 

1900, 1909; Ramsbottom, l922a,b, l929^ Burgeff, 1936, l959). 

In the early phases of the second period, which began with 

Knudson*s publications, the merits of symbiosis and asymbiosis 



vere argued (Bul te l , 1924, 1925; Constantin, 1925» l926j 

Knudson, 1924, l930; Burgeff, 1936, 1959), Later on, the 

ef fec ts of various ions (La Garde, 1929; Wynd, 1953), sugars 

(Quednow, i930; W3md, l933b), vitamins (Meyer, l943; Noggle 

and Wynd, 1943; Bahme, 1949), hormones (Mariat, 1952; 

Withner,i959^) and other complex organic addit ives (Knudson, 

1922; Quednow, i930) were examined. 

Reissek (1847) f i r s t observed fungal associa t ion 

with roots in orchidaceae* Frank, aftervards coined the term 

"mycorrhiza" i n 1885, to symbiotic associa t ion of fungi and 

r o o t s . W^irlich (l886) reported tha t the mycorrhizal associa­

t i o n i s a wide spread phenomenon i n most of the orchid 

spec i e s . Stahl (l900) described the mode of symbiosis with 

orchids and suggested the term "holomycotrophy" for the 

assoc ia t ion (nourishment en t i r e ly through d iges t ion of fungi; 

holes: t o t a l , mykes: fungus; trophe: nourishment). 

F i r s t i s o l a t i o n of fungal endophyte from the 

germinated seeds and roots of orchids was done by Bernard 

(1903, 1904). The endophytes i so la ted from the Catt leya s p . , 

E j i i g ^ t i s s p . and Cypri;^edim s p . were t es ted for t h e i r 

i n fec t ion i n the seeds of Odento l̂ps_s]Lun sp». He observed the 

l e t h a l ef fec t of fungi on the germinating seeds and thus 

concliided the assoc ia t ion as p a r a s i t i c ins tead of symbiotic. 

Bernard l a t e r on (l909) noticed t h a t nDst of the orchid seeds 
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depended upon the mycorrhizal fungi for the germination and 

ear ly growth under na tu ra l conditions, but they showed host 

s p e c i f i c i t y . He further ( l 9 l l ) observed the defense 

reac t ion of host to the invasion of fungal endophyte, 

Burgeff (l909) observed fungal co i l formation 

within the host c e l l s . The coi ls contained protein, glycogen 

and fat* Host ce l l s d iges t these co i l s through the 

•tolypophagy' type of d iges t ion . Based on the mode of fungal 

d iges t ion , he (l959) categorised the d iges t ion in orchids 

in to th ree types, i . e . , tolypophagy, ptyophagy, and themis-

cophagy. 

Kusano ( l 9 l l ) reported t h a t heterotrophic orchid 

^S^Sr^lSSlsi^ Sjkgi^) ^^y form symbiotic associa t ion with 

AJiSi-llari^ mille.a. He also noticed t h a t the bulb remained 

quiescent u n t i l the funguis attacked* Duggar (1915) gave 

de t a i l ed account of the genus Rhi^^cto^ni^. Duggar and Davis 

( l9 l6 ) demonstrated ni t rogen u t i l i z a t i o n of Phoma, radjLcis» a 

mycorrhizal fungus with some orchids . The view tha t orchid 

seeds depend upon fungal associa t ion for germination was 

supported by Romsbottom ( l922a) . He again (l922b, 1927) 

advocated the s p e c i f i c i t y of the fungus i n r e l a t i o n to the 

o rch ids . No|('bicourt (l923) found t h a t the growth of the Gi | 

fi:ingus i s inh ib i ted by the antifungal substances present i n 

the tubers of ce r t a in o rdh ids . 



In contras t to repor ts on fungal requirement of 

orchid seed germination, Knudson (l925) suggested t h a t fungus 

i s not necessa r i ly required for seed germination, i f the 

synthet ic medium i s supplemented -with various substances l ike 

vitamins, amino acids , and growth hormones. 

Rayner (l926) observed the presence of fungus in 

the seedlings of Goodyera procera< He opined t h a t the 

assoc ia t ion i s a benef ic ia l phenomenon. He (l929) fur ther 

noticed t h a t mycorrhiza of Neot t ia nidus-avis can f ix the 

atmospheric n i t rogen. While studying the germination of 

orchid seeds, Curtis ( l936, 1937) noticed t h a t some fungi -were 

pathogenic. He (l939) also reported non-host spec i f i c i t y in 

case of some of the fungi, Dovmie (l943) i so la ted two 

s t r a i IS of Flhiz^o^ctonia fr m̂ the germinating seeds, and 

pointed out t h a t s o i l can influence the d i s t r i b u t i o n of 

endophytes i n t e r r e s t r i a l o rch ids . She (l957) observed t h a t 

Rhizo.Jtonia constant ly formed symbiotic associa t ion with 

o rch ids . Further , she reported (l959a,b) t h a t fungal endo­

phytes are capable of enhancing germination and provide some 

spec i f ic compounds l i k e vi tamins, e t c , to the germinating 

seeds* 

Gaumar̂  aM Jaag (l945) i so l a t ed the endophytes 

from orchids and studied the defense reac t ion of Orchis 

mi l l ty . l s , to the fungi using t i s s u e cul ture techniques aaid 

observed anti-fxongal substances in the host c e l l . 
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Slankis (l948) reported the production of auxins 

by the mycorrhizal fungus Bp_Ietus ̂ ^i^e^atus, but no identi­

fication of the auxins was made. Studies employing modern 

methods to characterize specific compoionds have demonstrated 

the production of auxin by other fungi and bacteria. Di£lodla, 

a member of the fungi imperfecti grev \jniformly on synthetic 

media and synthesized indoleacetic acid (lAA) both in the 

presence and absence of tryptophan (Gentile and Klein, 1955). 

Ulrich (i960) screened many mycorrhizal fungi for 

the production of auxins, in the liquid culture medium and in 

the sporophores. He observed the production of indole 

compounds, i.e., IAA,indolebutyric acid (IBA), indoleglycolic 

acid (IGA), indolelactic acid (ILA) and indole pyruvic acid 

ilPyk] tfi most of the myccx-'rhizal fungi. 

Gauman),^ al» (i960) studied the defense reaction 

°^ P.f.9,hi.s. mil̂ itar,ls to the fungi, \ising tissue culture 

techniques and observed the anti-fungal substances in the host 

cell. They (i960) also isolated the active substance and 

identified it as 'Orchinol'. Gauman| and Hohl (i960) confirmed 

the production of orchinol in the living cells of orchid 

tubers iji vitro. 

Hadley and Perombelon (l963) observed the produc­

tion of pectic enzymes by the Rhizoctonia solani. R. repens 

and R. goodyera reijentis in yitro* Harvais (l965) studied some 

file:///jniformly
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aspects of the symbiosis of Orchis purpVi^ell.a# 

Harvais and Hartley (l967a) suggested the symbiotic 

r e l a t i onsh ip between fungal symbiont and host, p a r t i c u l a r l y 

i n orchid mycorrhiza. They (l967b) observed tha t the seed­

l ing development in 2 . B-^IPUfigJila was be t t e r i n symbiotic 

cu l tures under low l i g h t and low temperature conditions than 

i n asymbiotic condi t ions . Zeigler e t a l . , ( l 9 6 7 ) studied the 

influence of various media and photoperiods on growth and 

aminoacid contents of orohid seedl ings . 

Gogala (l967, l97l) demonstrated t h a t the ectomy-

cor rh iza l forming fungus BjoLetus e l u t i s v a r . pinicplus 

synthesized several growth hormones. He observed tha t the 

f ru i t i ng bodies and the mycelia of t h i s fungus in pure 

cu l tu re , as well as the cu l ture medium in which the mycelia 

had gr^wr for one month, contained three indole de r iva t ives , 

corrosponding to lAii, and a compound which seemed to be 

tryptophan and also growth hormones r e l a t ed to gibbeJf'ellins 

and cy tokin ins . 

Hadley and Harvais (l968) studied asymbiotic growth 

promotion in orchid-pro to corms by ce r t a in growth hormones. 

Hadley (l969) found t h a t ce l lu lose promoted seed gennination 

when supplied alongwith glucose both asymbioticaXly and 

symbiotically* He (l970) fur ther noticed the nonraggressive 

nattire of some endophytes and categorised them as 
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•Ubiquitous' endophytes, Hadley and Williamson ( l97 l ) found 

t h a t symbiotically infected protocorms of Dactylo.rhiza 

p.urpurella showed l inear increase in t h e i r length and vidth 

i n contrast to non-infected ones. They (l972) also studied 

the influence of mycorrhizal in fec t ion and i t s i n t ens i t y on 

the s t ruc tu re of nucleus of the host c e l l s . Nuclear hypotro­

phy vras observed in the host ce l l s adjacent to the infected 

t i s s u e . 

Goh ( l97 l ) studied the ef fect of pH on the absorp­

t i o n of phosphate by the t e r r e s t r i a l roots of tvro orchid 

hybrids* He observed most e f f i c i en t uptake i n the range of 

pH 5«0 to 5«5 i n V ^ ^ # v/hereas in JLryshnis i ^ 5.5 appeared 

t o be the optimum. In both the cases , they showed the 

preferences for s l i g h t l y auidic pH and uptake was much slower 

a t a lkal ine pH. Ueda and Torikata (l972) inves t iga ted the 

ef fec t of l i gh t and cul ture medium on adventi t ious root 

formation by Cffabidiums. i n asep t ic cul ture and foxind no root 

formation in the shoots cultured i n the dark, whereas white 

and blue l i g h t induced good root formation. 

Smith e t ^ . Cl973) s tudied the uptake of glucose, 

t reha lose and mannitol by ttee leaf s l i c e s of the orchid 

B l e t i l l a hyac^inthin^ and found t h a t the absorption of a l l 

t h r e e carbohydrates was reduced by low temperature. 
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Hijner and Arditti (l973) reported the production 

of vitamins by the orchid mycorrhizal fungi in-the symbiotic 

conditions* The production of cytokinini trans-zeatin and 

transribosyl zeatin in the culture medium of mycorrhizal 

fungus Suillus punetlpus was reported by Crafts and Miller 

(l974). Similarly, they also found siifficient quantity of 

cytokinins in the culture medium of Rhiẑ QIpgQn. ochraccorubena. 

Hadley and Purves (l974) showed the movement of 

ciarbon''̂  from Iwst to the fungus. Hadley (l984) explained 
14 

the uptake of C glucose by asymbiotic and symbiotic proto-

coiTOs of Goo dyer a repens. 

Harvais and Pekkala (l975) found that the fungus 

could produce vitamins? nicotinamide, and thiamin in yeast 

extract supplemented liquid medium. The plantlets of 

Orchis piaryurella in asymbiotic and symbiotic conditions were 

raised by Purves and Hadley (l975). They further (l976) 

suggested that the protocorms of Goodyera regeia develop 

faster if infected with mycorrhizal fungi than the nonr 

infected ones. Peschke and Volz (l978) observed the associa­

tion of Fitsarium moniliforme with various orchid species. 

Clements and Ellyard (l979) studied symbiotic 

germination in the terrestrial orchids of Australia. They 

found stimulatory effect by most of the endophytes Iprior to 

seedling development. Vij and Datta (l98i) investigated the 
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d i s t r i b u t i o n of fungi in the roots of Herminium angustifolium 

(Benth). They i so la t ed the fungal symbionts resembling -with 

Rhizoctonia s c l e r o t i n a (Burgeff). Vij and Shama (l983) 

car r ied on a survey of mycorrhizal associa t ion in some t e r r e s ­

t r i a l and epiphytic orchids of northern Ind ia . 

Dexheimer and Serrigny (l983) studied the u l t r a -

s t r u c t u r e of endophyte of E'^idendnyi i b a ^ e n s e and found more 

accumulation of a lka l ine and ac id ic phosphatase i n Infected 

c e l l s . 

Alexander and Hadley (l983) i so la t ed endophyte from 

Goodyejfa repen;^ and iden t i f i ed i t as Rhizqctonia .^od^era 

r e ] ^ e n t ^ . The symbiotic efficiency of the fungi -with the 

germinating seeds of G. repens was also t e s t e d . The effect of 

fungicide on the mycorrhizal in fec t ion i n G. rejjens 

(Alexander and Hadley, l984a) and phosphate uptake (Alexander 

and Hadley, l984b) have been s tud ied . They (l985) also 

s tudied the movement of carbon between host and mycorrhizal 

endophytes a t the time of G. repens development i n the 

symbiotic condi t ions . Lin and Molnar (l983) observed the 

e f fec t of photoperiod and high l i g h t i n t e n s i t y on the flowering 

of o rch ids . 

Hi l l s &t ^ . (1984) s tudied bhe effect of 

d i f f e ren t chemical compounds on the seedling development of 

Cs^tl&jQ. aurant iaca . F i l i p e l l o e t ^ . (l985) i so la ted some 
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endophytes from the orchids of I t a l y and car r ied morphologi­

ca l , cy to logica l , and cytochemical s t u d i e s . Williams (1985) 

observed t h a t Rhizoctonia s t r a i n s form assoc ia t ion with 

orchids from the pot cul tures of ves icu lar arbuscular mycorr-

hizal fungi . 

Sharraa and Tandon (1986) s tudied the influence of 

growth regula tors on asymbiotic germination and ear ly seed~ 

l i ng development of Ctoelo^yne punctulata L i n d l . 

Katiyar e t a l . (1986) reported the effect of 

organic supplements on the seedling growth of an endangarad 

orchid species Coeloj;y;ne gunctulata . 

Raghuwanshi _9t a l . (l983) reported the asymbiotic 

seed germination in epiphytic orchids . Thase authors fur ther 

reported (l985) the effect of synthet ic madia on asymbiotic 

seed germination and seedling growth of Dendrobium nobile and 

Sarcanthus pa l l i dus , and found ba t te r germination and growth 

on Burgeff 's and modified Kn C medium. Subsequently, they 

( i n press) s tudied the ef fect of temperature on asymbiotic 

seed germination and seedling growth of orchids , and noticed 

be t t e r r e s u l t s between the temperature range of 20-30"C. 

Further , a pH range from 4.0 to 6.0 was foiond be t t e r for the 

seed germination and seedl ing growth (Raghuwanshi e t a l . , 

1986; in p r e s s ) . 

l<S>2,l^f 



CLIMATE AND VEGETATION OF COLLECTION SITE, 



Svrvey of orchids was carried out from various 

grasslands, agricultural lands and forest of Khasi Hills, 

Garo Hills and adjacent areas of Meghalaya (Fig, l). Plants 

of different epiphytic and terrestrial orchid species were 

collected and grown in charcoal and soil mixture, filled in 

earthen pots. Some epiphytic orchids were grown on old dead 

logs under semi-controlled conditions (in net houses) in 

Botany Department, School of Life Sciences, North-Eastern 

Hill University, Shillong (latitude, 25.34«N, longitude 

9l.56*»E, altitude 1956 mm). 

Soil 

Shil long plateau has mild undulatous topography. 

The s o i l i s l a t e r i t e with reddish brown colour and the tex­

t u r e i s sandy-loam at the surface end and s i l ty- loam at 

deeper l aye r s • I t has or ig ina ted from the hard rock repre-

senti-ig gneses, sch i s t s aixi g r a n i t e s . Zimba (1977) has 

proposed t h a t Shil long plateau and i t s surroimding h i l l s 

might have upl i f ted from sea bed alongwith o r ig in of great 

Himalaya during mesozoic and ea r ly t e r t i a r y t imes . The s o i l 

i s r i c h i n organic matters and ni t rogen but ac id ic i n 

r eac t ion . 

The vegeta t ion of Meghalaya can broadly be 



F i g . 1 : Map of Meghalaya showing the places of orchid 

co l l ec t i on . (• = places of col loct ioni 

9 = study s i t e ) . 
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classified into: 

1) Subtropical forest 

2) The mixed evergreen forest 

3) Temperate forest 

4) The rolling grassland. 

The sub- t ropica l pine fo res t s represent b i o t i c 

climax, dominated by Pinus kesijra alongv/ith some t r e e species 

l i k e Alms nep>alensi3^ Schima spp. , Quercus spp. , Ce^ri^g 

^BPA^^» Cryptomaria ."^aporiica. e t c . and some other t r e e s , 

shrubs and herbaceous species l ike S;ym îq_cias, spp. , Rhq,diOdend,ron 

arbp.reiim. L ant ana .c^aara, Eupatorium spp . , Anaphilis spp. and 

D^esnigdium spp. e t c . Mixed subs t r^pica l fo res t s are confined 

to r e s t r i c t e d areas and are much d is turbed . These are 

dominated by Schima spp . , Quercus spp. , A. nej3,alensis, 

Ery t ly ina arbo,rescens and a number of rosaceae members. 

Temperate fores'^ are found from 18OO m and above. 

The t rue temperate vegeta t ion represents the r i ches t f l o r a 

( i n preserved/sacred fo res t s ) and gives an indica t ion t h a t 

probably the en t i r e area vas once covered by such type of 

dense vegeta t ion but now has been disturbed due to human 

a c f i v i t i e s . In such fo res t s the common t r e e s namely 

£• Bri£SM4J^9 M,v;rica esculenta . Betula alnoidus, R. arboreum, 

Castanops.is spp. , ^ t o t e n i a notoni.api e t c . , shrubs l i k e . 

Daphne spp . , Osbeckia spp . and beaut iful orchids l ike 
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Dendrobiupa spp . , Coelogyne spp. , Cvmbidium spp«, Oberonia 

spps. Pleione spp. , Phol ida ta spp. , E r i a spp . , etc* are 

commonly encountered. The epiphytic p lant species comprise 

of l i chens , mosses, and ferns as dominant species on the 

t r e e trunks and branches of old t r e e s in moist humid 

f o r e s t s . 

The grasslands represent most important vegeta t ion 

type (grotind f lo ra ) of t h i s region. Most of the grasslands 

are in the d i f fe ren t s tages of se rea l succession. The 

p r imi t ive ag r i cu l tu ra l p rac t i ce , i . e . , sh i f t ing cu l t i va t i on 

l o c a l l y known as 'jhumming' i s commonly used for r a i s i n g the 

ag r i cu l t i i r a l crops i n the North-Eastem region. The extensivp 

use of '^humming' i s main factor i n r e su l t i ng the genes is of 

g r a s s l a o i s i n the region. Other b i o t i c said human disturbances 

have also promoted the process . The grasslands consis t of 

dominant species l ike P^£i^Ajm ^ l ^ t ^ u m , Pennis,etum cladestl j-

num, Imperata cy l indr i ca , Penicum brevifolium, Cvperus, spp*,. 

F imbr i s t^ l i s spp. , Arund.inella spp», Trifolium repeng. 

Casi^ia spp , , Desmodiiya spp , , e t c , and some beaut i ful t e r r e s ­

t r i a l orchids l i k e Spa tho^lo t t i s pubescens. Spirenthus spp . , 

Herminjiuan spp. , Habenaria spp, , Arundi^S}. spp. , 

Paphiopedilum spp, e t c , 

ClJUnate 

Shillong climate i s very much infliienced by the 



F i g . 2 I Meteorological data for minimum and maximum 

temperatures ("C), r e l a t i v e humidity K%) and 

r a i n f a l l (mm) for the ytar 1982-83 of the 

study s i t e in Shi l long, 
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south-v/est monsoon and ix»rth-eastern winds. 

Therefore, the year can be divided into four seasons» 

i ) Spring season - March sxid April 

i i j Summer (rainj'-) season - May to September 

i i i ) Autiomn season - October and November 

iv) V/inter season - December to February. 

D\iring spring season atmosphere gets warm gradually 

as compared to the preceeding winter months. The maximum 

temperature reaches during the period of April to June-July. 

The average maximum temperature a t Shillong recorded during 

the study period was 24.8*0 and the anrerage minimum tempera­

tu r e 12.5°C, Rain s t a r t s at the end of April and continues 

upto September, The monthly average r a i n f a l l normally i s 

212»0^ mm. The average humidity (%) ranges between 6l to 

88.5 (Fig . 2 ) . October and November represent a t yp ica l 

autiimn season with mild cold and usual ly with less r a i n . The 

winter season can be character ised by low temperature, from 

cool to cold one. The temperature drops down to a minimum 

of 1*0 in the ear ly period of January and occasional f ros t 

can appear. Sometimes there i s r a i n during the month of 

March which i s helpful for the germination and development of 

most of the t r e e s , p l an t s , and herbs . 



P l a t e 1 ; SSSy-Jli^. fiigaJ^teum ^.Fig. A) and 

Cvmbidium eleeans (Fig. B) 

showing epiphytic growth in 

na tu re . 
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P l a t e 2 : T^hunia alba slio-wing epiphytic grov/th 

in nature (Figs . A and B) 



PLATE 2 

B 



P l a t e 3 ; Seedl ings (150 day-old) of PX^J^A^A^ 

^ .̂̂ ^aiit̂ euin (.Fig. A) and C. ole^ax^^ 

( F i g . B ) , grovn i n Knudson ' C Medium. 
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. -»a»-3K-jfc.-jii 
Pla te 4 i Seedlings (l50 day-old) of Ttiunia 

^ba (Figs. A and B), grown in 

Knudson ' C Medium. 
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MATERIALS AND METHODS 



The orchids col lec ted from fo res t s were grown in 

charcoal and s o i l mixture, f i l l e d in earthen pots and were 

kept i n net houses of the Botany Department of the North-

Eastern H i l l Universi ty, Shi l long. Cfflibijlium gi|;£mteum. 

£• ^ ^ S S ^ ^ ^ ^ Thimia ^^ba, were se lec ted for the present 

st\idy on the c r i t e r i a t ha t they are threatened species , havt 

a t t r a c t i v e flowers and show fa s t germination of seeds. 

I* AsjfflMotijiAeeil^emlnAtiAn.and seedl ing growth 

The unopened green capsules (approximately 3-5 

months old) of Cymbidium ele^ans, C.. ^ i ^an tem and Thuni^ 

a lba were col lected and s\irf ace s t e r i l i z e d by dipping them 

i n 3% (w/v) sodium hypochlorite so lu t ion for lO minutes and 

then r ins ing in absolute ethanol for a few seconds• The 

s t e r i l i z e d capsules were washed 2 to 3 times in s t e r i l i z e d 

d i s t i l l e d water and were cut into t\vo half pieces with 

s t e r i l i z e d sca lpel and the seeds were taken out with the 

s t e r i l i z e d needle . These seeds were then t ransfer red to the 

slopes on modified Knudson ' C medium (Bose and Bhattaoharjc 

1980), All the inocula t ion processes were carr ied out under 

asep t ic conditions using laminar flow chamber. The pH of t l r 

medium was adjusted to 5.0 by adding 1 N HCl and 1 W NaDH 

so lu t ion before autoclaving. Twenty f ive and 50 ml of 

s t e r i l i z e d medium was poured i n cul ture tubes and conical 

f l asks (25 X 150 mm and 100 ml), respec t ive ly and allowed to 
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solidify* Twenty five replicates of each species were 

incubcted in B.O.D. incubators in dark conditions for two 

months and thereafter, under fluorescent light condition 

(1300 luxj 12 hr photo period) upto five months. Cultures 

were observed after 60 days and subsequently at 30 days 

intervals upto 150 days. Percentage of seed gennination, 

average area of seedlings/plantlets, average number and area 

of leaf primordia/leaves, average number and area of rhizoids/ 

roots and grov/th index were the parameters used to sti«iy 

germination and subsequent seedling growth. More than IOO 

seeds/protocorms were observed to calculate percentage of 

seed germination and seedling growth. The quantify normal 

growth of seedlings, seedling/plantlets were divided into six 

different developmental .stages (Spoerl' 1948;. Mariat, I952j 

Ardl :ti, l967b). Percer':age of each developmental stage was 

multiplied by the developmental stage number and all sums so 

obtained were added. The total obtained was the growth 

index. Average area of seedlings/plantlets was measured by 

calculating average length and breadth of all the growth 

stages present and multiplied. Similarly, average number and 

area of rhizoids/roots and leaf primordia/leaves was also 

obtained for the different growth stages, during seed germi­

nation and seedling development of orchids. The effect of 

following treatments on seed germination and seedling growth 

of orchids was studied. 
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1) Temperature treatments 

The seeds -were incubated at different temperatures, 

viz., 20«'C, 25°C, 30<'C and 35<'C as described above. 

2) pH treatment 

The seeds were sown in modified Knudson ' C medium 

having d i f fe ren t pH, v i z . , 3-0, 4 .0 , 5<0, 6^0, 7.0, 8,0 and 

10.0 adjusted by adding e i t he r 1 N HCI or 1 N NaDH before 

autoclaving i t . The cul tures were incubated a t 25" + 2°C under 

12 hr photoperiod of 1300 lux« 

Composition of modified Knudson ' C medium i s given 

below: 

Calcium n i t r a t e 0,20 gm/l; monobasic potassium 

phosphate 0,15 gm/l | magnesium sulphate 0,25 gm/l, ammonium 

sulphate 0,lO gm/lj potassium n i t r a t e 0,18 gm/l; disodium EDTA 

74,6 mg/l; ferrous sulphate 25-*0 mg/l; boric acid 6.2 mg/l; 

maganese sulphate 0,75 mg/l; zink chloride 3»9 mg/l; potassium 

iodide 0,80 mg/l; sodium molybdate 0*25 mg/l; copper sulphate 

0,025 mg/l; cobalt chloride 0,025 mg/l; thiamin hydrochloride 

0,30 mg/l; pyrodoxine hydrochloride 0.30 mg/l; r ibof lav in 0,30 

mg/l ; sucrose 20 gm/l; and agar 10 gm/l. 

3) T .-iaJat Jtssaiaiejali 

a) Light i n t e n s i t y 

The cul tures were incubated, for 150 days, 
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under different light intensities, i.e., 1500, 3OOO and 5000 

lux, and in the dark conditions. Various light intensities 

were obtained by 40-Watt white fluorescent tubes. 

b) Ligjht .quality 

Light of different colours, viz., red, blue, green 

and white were provided by wrapping cellophane paper around 

the tube lights, in the B.O.D. incubators. One set of cul­

ture tubes was also kept under dark conditions. 

c) Photoperiod 

The seeds were sown on Knudson ' C medium and were 

incubated a t room temperature C20-25*'C) under f luorescent 

l i g h t (3500-4000 l\ ix). Photoperiods of 8, 12, 16, 20 and 24 

hr were provided with the help of t imers , using 40 watt 

f luorescent tubes . 

I I , Symbiotic seed germination and seedling growth 

1) XsjOJMJAQ-aasi-CuIfcjre of endophvt^ 

The infected roots of the orchids were se lec ted and 

cut , washed with tap water and surface s t e r i l i z e d with sodium 

hypochlorite so lu t ion (.5%) for 1O-15 minutes. The s t e r i l i z e d 

roo t s were washed severa l times in s t e r i l i z e d d i s t i l l e d 

water . Root sect ions of 1-2 mm th ick v/ere cut using s t e r i l e 

s c a l p e l . Two media, i . e . . Malt Extract Agar (MEA.) (Booth, 

1971) arxi Potato Dextrose Agar (PDJL) (Hadley and Ong, i978) 
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were used for tlie i s o l a t i o n of fungSil endophyte from the roots . 

Chemical composition of the media i s given below: 

a) ^IaJ-JL.E2£tract A^s^ 

Malt Extract - 20 g 

Agar - 20 g 

Distilled water - 1000 ml. 

b) Potato Dextrose Agar 

Potato Extract - 200 g 

Dextrose - 15 g 

Agar - 20 g 

Distilled water - lOOO ml. 

Each nutrient medium was sterilized at 15 p.s.i. for 15 min. 

and poured into pre-sterilized petriplates. Sterilized root 

sections were teased and inoculated in centre of petriplate 

on the nutrient medium5 one section was used for each petri­

plate. Twenty petriplates were used to isolate the fungi for 

each orchid species. The inoculated plates were incubated at 

25 + 2**C in aB.O.D. incubator. After one week, white 

mycelium appeared around the inoculated root sections. The 

fungus was retransf erred onto freshly prepared PDA mediijm and 

reincubated at 25 +. 2*'C in a B.O.D. incubator for one week. 

These fungi were sub-cultured on MEA medium in culture tubes 

for stook culture and kept at h°C in the refrigerator. All 

the fungal isolates were grown on similar medium and those 
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varied in their morphology were considered as separate strains 

of RhizDctonia. These fungi were represented by the code 

niimber RH and RA - (Rhizootonia). Only those fungi were 
> W • iW T i • > > WpM m III I • ! • 

considered for symbiotic seed germination and seedling growth 

s tud ie s , which formed the symbiotic r e l a t ionsh ip with orchids . 

Fungal i s o l a t e number and t h e i r sources sire mentioned below; 

Orchid source of the fungus 

Io,ne Candida (Lindl . ) 

i» Candida (Lindl . ) 

Cymbic îum fi;ifi;anteum (Wall.) 

Coelp^yrie •punotulata (Lindl . ) 

Deiyirpbiuin Ipji^icomi (Lindl . ) 

Pleione maculata (Lindl . ) 

Cpelp^pyi;^ p^coLtata (Hook.) 

2» ]y;p,li,fe.ra (Lindl . ) 

L ^ a r i s distsjns (Clarke.) 

Thunia a lba (Reichb. f . ) 

2) Prep,aratlon of cu l tures 

The stock cul tures of fungal i s o l a t e s were mainr 

ta ined on PDA slopes a t 4°C. Five i s o l a t e s , v i z . , RA 20, 

RA 40, RH 15, RH 36 and RH 54 were se lec ted and t ransfer red 

t o the fresh medium i n the p e t r i p l a t e s . The p la tes were 

incubated a t 25 +, 1*0 for 7 days. 

Isolate 

RA 4 

RA 5 

RA 20 

RA 40 

RH 15 

RH 36 

RH 46 

RH 51 

RH 54 

RH 61 
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Oat medium (Clfflnents, 1979) was used to r a i s e 

symbiotic seedlings i n v i t r o > The nu t r i en t medium contained 

3.5 g powdered oa t s j 0,1 g yeast e x t r a c t ; and lO.O g Agar, 

per l i t r e . pH of the medium was ad;)usted to 5.0 by using 

d i g i t a l iH meter. Medium was autoclaved for 15 minutes at 

15 p . s . i . and poTored in p r e - s t e r i l i z e d cul ture tubes (25 x 150 

mm). Seeds from the surface s t e r i l i z e d capsules of Cymbidium 

elegans. C. ^i^anteum and Thunia alba species were sown on the 

agar slopes of oat medium, under asep t ic condi t ions . 

Different mycorrhizal fungi were also inoculated 

along with the seeds of each species separa te ly a t the time 

of sowing* Twenty rep l i ca tes were made for each orchid 

s p e c i e s . The uninoculated (asymbiotic) and inoculated cu l ­

t u r e s were maintained under several combinations of i l lumina­

t i o n s , temperatxires and pi, to inves t iga te t h e i r influence on 

symbiotic cu l ture of orchids ^ XiSliS* 

3) .S^culiatioja,,of .ci^tur)|g 

Fimgal inoculated and control cul tures were incuba­

ted under d i f fe ren t cul ture condit ion such as temperature 

(200C, 25''C, 30°C and 35'*C), l i g h t (photoperiods 8, 12, ^6, 20 

and 24 h r ) , l i g h t i n t e n s i t i e s 0, i500, 3OOO and 5000 lux aixi 

l i g h t q i ia l i t i es (red, green, blue, white and dark) atsd pH 

( 3 . 0 , 4 ,0 , 5*0, 6 ,6 , 7.0, 8,0 said 10,0) of the mediiim 
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according to the details described above. 

k) Obj3,%rvat j,qn ,qf ,Qulturei^ 

In general three replicate tubes were taken for 

each treatment. The seeds and protocorms (genninated seeds) 

were removed from each tube for microscopic examination and 

the percentage germination was determined. To study seedling 

growth, the protocorms/piantlets were divided into six 

different developmental stages and growth index was determined 

(Spoerl, 1948). Average area of seedlings/plantlets was 

observed by multiplying average length and width of all the 

growth stages occurred at the time of observation. Similarly^ 

average number and area of rhizoids/roots and leaf primordia/ 

leaves were also determined on the basis of developmental 

stages. Statistical anao-yses (standard error and analysis 

of varience) were carried out following the method of 

Croxton et al. (l975). 

III. Detection_and identification of arowth hormones :^ 

1) -SaU^MLe _of_myLcorrhiz.al fungi 

Seven mycorrhizal fungi, i.e. RH 15, RH 36, RH 51, 

RH 46, RH 54, RH 61 and RA 40 were used to detect growth 

regulating substances in pure culture. The Hagem liquid 

medium (Fries, 1943) having the follo'wing composition per 
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l i t r e : 5.0 g malt-exrtract; 5.0 g glucose; 1.0 g tryptophan; 

0.5 g KH2PO4; 0.5 g ngSCZ+.TH^O; 0.5 g NH4C1; and 0.5 ml (196) 

so lu t ion of FeCl-. was prepared and aatoclaved at 15 p . s . i . 

for 15 minutes and 1OO ml of the medium was poured in 250 ml 

capacity conical f l a s k s . Inoculum from pure cul ture of the 

fungus was inoculated in the nu t r i en t medium under s t e r i l i z e d 

condi t ions . Cultiires were incubated a t 24 + I'C i n the 

dark. After 1O days of growth, cul tures were invest igated 

for the presence of hormone-like substances, and fur ther 

observations were made a t 1O days in t e rva l s upto 30 days and 

then a f te r 60 days* 

2) Ext rac t ion of isrowth hormone:^ from cul ture f i l t r a t e s 

The ex t rac t ion , de tec t ion and i d e n t i f i c a t i o n of 

growtn hormones were ca r r i ed out following the method of 

Mahadevan ctv/al,. (l982) as described be low 1 

^a) Auxins 

The nutrient media in which mycorrhizal fungi had 

grown were centrifuged at 2,000 g in Remi centrifuge for 30 

minutes, and the supernatant was acidified with 1N HCl to pH 

using a digital iH meter and extracted immediately with three 

aliquots of ethyl ether. The extracts were pooled and the 

volume reduced to about 25 ml. The ether fraction was 

partitioned with 25 ml of 5% sodium bicarbonate. This process 

was repeated three more times, each time with 25 ml of 



29 

bicarbonate . Bicarbonate f r ac t ion was ac id i f ied to pH 3.0 

with 6 N HCl atti extracted th ree times with 50 ml of e thy l -

ether • Ethyl e ther was evaporated and the residue was 

dissolved i n 2-3 ml of methanol and stored i n a v i a l a t 0°C 

i n the r e f r i g e r a t o r . 

(b) Gibberellins 

Two hundred fifty ml of saturated NaHCO^ solu­

tion was mixed with lOO ml of culture filtrate in a separatory 

funnel. It was partitioned twice with 300 ml of ethyl acetate 

and the organic phase was discarded. The aquovis layer was 

acidified to pH 2.5 using 5N HCl. Equal volume of ethyl 

acetate was added and shaken vigorously for 5 min in a separa­

tory funnel. Extraction was done thrice with aquous layer 

xising 300 ml of the solvent for each extraction, and all the 

ethyl acetate fractions were pooled and evaporated to dryness. 

The residue was dissolved in i-2 ml of methanol. 

(c) Cytokinins 

Cultiire filtrate was acidified to pH 3.0 with 

0.1N HCl, and extracted with diethyl ether thrice using a 

separatory funnel to remove the auxins. pH of the aqueous 

phase was then adjusted to 7.8 with 0.1N NH.OH, and extracted 

thrice with equal volumes of nrbutanol. The butanolic 

fractions were combined and evaporated. The residue was 

dissolved in 10 ml of O.iN HCl and passed through a col\jmn of 
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Dow€DC-50(H*" Cycle). Cytokinins were eluted with 200 ml to 

dryness and the residue was dissolved in minimum quantity 

(1-2 ml) of distilled water. This extract was vaed for 

c hromatography. 

3) Chemical detection of growth hormones 

(a) Auxins 

Ascending paper chromatography was used to 

separate the indole compounds extracted from the fungal 

medium. 1OO u l of the ex t r ac t was placed on spots along a 

l i n e 2.5 cm from the bottom of a 20 cm. square sheet of No.l 

Whatman f i l t e r paper. The spots were dr ied with warm a i r 

using hai r d ryer . Spots of known indole compoijinds were placed 

on the chromatograms for reference . The edges of the f i l t e r 

paper were then s tapled to make a cyl inder , which was placed 

in to the solvent , i n a airtight-wide-mouth j a r . The oar was 

then placed a t room temperature i n the dark for approximately 

s i x hoxirs. The solvent used for separat ing the indole 

compounds was isopropyl alcohol, ammonia, water i n the propor­

t i o n 8 ; 1 : 1 . The Salkowski spray reagent as modified by Gordon 

and Wei^ber (l95l)ia contained O.O1 M FeCl, i n 3596 perchlor ic 

acid and d i lu ted with an equal volvme of absolute ethyl 

a lcohol , was used to de tec t indole compounds on the chromato-

gram. The chromatogram weis dr ied at room temperature and 

examined within 30 minutes of spraying. 
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(b) Gibberellins 

Spots of the ex t rac t of mycorrbizal fungi on 

Whatman No.l paper were developed ascendingly i n the solvent 

such as isopropanol-ammonium hydroxide-water ( l O : i J i , v/v/v) 

and chromatogram was dried a t room temperature. The chroma-

togram was then sprayed with e i the r ethanol-conc. sulphuric 

acid (95:5, v/v) or Water-cone. H2S0^ (30:70, v /v ) , and dried 

a t 120»C for iO min in a hot a i r oven and then examined under 

UV l i g h t for f luorescent spots (Macmillan and Suter , 1963). 

Spots of known g ibbere l l ins were also .run alongwith unknown 

samples to help i d e n t i f i c a t i o n . 

(c) Cvtokinins 

Ascending paper chromatography was used to 

separate the cytokinin extract. lOO ul drops of each extract 

were r\m, using the freshly mixed solvent of isopropanol-

ammonia-water (lO:isi, by volume) • Co chromatography with 

standard of authentic substances was done for the identifica­

tion of cytokinins. Chromatogrgans were dried and viewed under 

UV lleht and fluorescing spots were marked. Colour intensity, 

size of the spot and Rf vguLues were the parameters used to 

express the results, qualitatively. 

^) Quantitative measurement of growth hormones 

(a) Auxins 

One ml of the extract containing indole-compounds 
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was taken in a test tube and 2 ml of Salper reagent (l ml of 

0.5 M FeCl, was mixed in 50 ml of 359̂  (v/v) perchloric acid) 
3 

was added dropwise but rapidly with continuous agitation. The 

sample was incubated in the dark for 60 minutes. The absor-

bance of the sample was measxired in a spectrophotometer at 

535 nm against a solvent-reagent blank, and the quantity of 

auxins in the extract was estimated from a standard curve 

drawn from known concentr*ations of lAi.. 

(b) Gibberellins 

Two ml of the zinc acetate solution was added to 

1 ml of the extract containing Gk» After 2 min, 2 ml of 

potassium ferrocyanide solution (Holbrook et al., I96l) was 

mixed. The mixtiire was then centrifuged at low speed for 15 

min. To 3 ml of the supernatant solution, 3 ml of 30 percent 

HCl was added in a test tube and the mixtiire was incubated at 

20*C for 75 min. The absorbance of the sample and blank was 

measured at 254 nm in a spectrophotometer, and the amo\jnt of 

GA was calculated in the extract from a standard curve 

prepared with known GA, and the results were expressed as GA, 

equivalents. 

(c) Cvtokinins 

To one ml of the extract, 2 ml of sulphuric acid 

was mixed, and the samples swere incubated at room tanperatur€ 

for 30 min. The absorbance of the mixture was taken in a 
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spectrophotometer at 254 nm against blank sample. The amtunt 

of cjrtokinins was quantif ied with known KI standaupd cUrve, and 

r e s u l t s were expressed as KI equiva lents . 

IV. Phosphorus uptake and phosphataae a c t i v i t y i n orchids 

(1) Raising of seedlings 

Green pods of Cvmbidium elegans and C. gjganteum. 

were collected and surface sterilized by dipping them in 

absolute ethanol for a few seconds and followed by flamming 

(Linden, 1980). The seeds were then taken out in sterilized 

conditions and inoculated on the agar slopes of modified 

Knudson 'C* medium (Bose and Bhattacharjee, 1980), in lOO ml, 

150 ml and 250 ml capacity conical flasks. Cultvires were 

then Tolaced at 25 + 1®C, under 12 hr light and 12 hr dark 

conditions, in B.O.D. incubators. After 3 months of growth, 

germinated protocorms were again subcultured on freshly 

prepared nutrient medium, upto 9 months. 

(2) Preparation of mvcorrhl2;al inooulum 

The orchid mycorrhizal fungus, i.e., RH 46, was 

cultured on Pfeffer mineral liquid medium (Hadley and Ong, 

1978), in conical flasks and incubated at 25 i 1*C, in the 

dark for 1O-12 days. Fijngus grown in liquid medium was 

filtered through Whatman filter paper No. 1. The mycelium of 

the fungus was homogenized. 20 ml of homogenate was 
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inoculated per pot to the roots of seedlings to produce 

myc5orrhizal plants. 

(3) Preparation of potting medium and treatments 

The air dried cowdung, garden soil, and charcoal 

powder (I:IJ0,4) were mixed to form basal substrate-medium for 

growing seedlings, in glass house conditions. Phosphorus as 

KH^PO^ was applied at five levels, viz., 1-68 mg, 3.36 mg, 

33.6 mg, 67«2 mg and 0,00 mg in the 150 gm soil mixtured 

thoroughly and filled in separate earthen community pots (10 

cm diameter), having a hole at the bottom, 1-2 cm thick layer 

of sterilized stones was added, in all the pots before filling 

the mixture, the substrate filled pots were sterilized twice 

in autoclave for 30 min, at 15 p.s.i. 30 replicates were 

made -or each treatment using each species. 

(4) Transplantation of seedlings to eartheh TX)ts 

Two to three leaf stage (9 months old) seedlings 

of each species were carefully removed from the flasks. The 

roots of the seedlings were gently washed in rimning tap water. 

Six-washed seedlings were then transplanted to each community 

pot. Earthen pots were kept at 16,5®C - 26**C range of tempe­

rature in the glass house. Seedlings were watered daily (50 

ml/pot) with tap water. The mycorrhizal and nonrmycorrhizal 

seedlings grown at different levels of phosphorus in the soil 
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mixture, were harvested a t monthly i n t e r v a l s , and were used to 

study ptosphorua uptake and phosphatase a c t i v i t y . 

(5) Determination of t o t a l phosphorus 

Phosphorus was determined using Vanado*diolybdic 

Yellow colour method (Jackson, 1967). At monthly i n t e r v a l s , 

seedlings were harvested and washed careful ly i n running t ap 

water, and the fresh and dry weight was ca lcu la ted . Oven-dried 

ground plant samples were taken in 250 ml conical f lasks and lO 

ml of t r i a c i d mixture was added. The d iges t ion was done using 

hot p l a t e at 200 - 3OOOC for 1 - 2 hours, and the residue was 

d i lu ted with l i t t l e water. The residue was then f i l t e r e d 

through ordinary f i l t e r paper, i n 50 ml capaci ty volumetric 

f l a sks , and then volume was made to 50 ml with d i s t i l l e d water . 

To 40 ml of digested sample, 1O ml of ammonium vanado molybdate 

so lu t ion was mixed and the t o t a l volume was made to 50 ml. The 

mixtiire was kept for 30 min at room temperat\ire to develop 

maximum colour and the absorbance was measured at 490 nm using 

spectrophotometer. 

(5) Quanti ta t ive analys is of phosphatases 

The soluble root enzymes were extracted by 

macerating the seedlings ( 2 n , w/v) i n a mortar a t 5'*C using 

0.1M borate buffer (pH 8,8) + 0,i% g lu ta th ione . The macerate 

was then centrifuged a t 20,000 x g for 20 min and the acid and 
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a lka l ine phosphatase a c t i v i t y in the supernatant was determined 

quan t i t a t ive ly meas"uring the amo\:uit of p-nitrophenol (PNP) 

releaead by the enzyme fro.n p-nitrophenyl phosphate (Gianinazzi 

e t a l . , 1976)• 



RESULTS. 



Germination and, subsequent Seedling Growth of Orchid^ 

l) Effect of temperature 

Effect of temperature on seed germination and 

seedling development of orchids in asymbiotic conditions 

varied (Figs. 3 and 4, Table 1, Plate 5). Maximum germina­

tion of seeds in case of Cymbidium elegans was observed at 

20*0 whereas in C, giaanteum and Tfaunia alba maximum 

germination was recorded at 25®C (Fig, 3)* Higher temperar 

tures were inhibitory. Minimum seed germination was noticed 

at 35*C temperature in all the species (Fig. 3). Growth of 

seedlings in C. elegans was highest at 20®C, whereas other 

tanperature treatments resulted in poor growth* The highest 

growth index of seedling development in C. elegans was 

recorded at 25*C temperature while the lowest was at 35*C 

(Fig. 4). Similarly, growth index was higher at 25*C in 

C. giganteum and T. alba (Fig. 4). Seedlings/plantlets were 

formed at all the temperatures but a considerable reduction 

in area of seedlings/plantlets was obtained at 35®C (Table l) 

Maximum number and area of l50-day^old seedlings/plantlets 

occurred at 20*̂ 0 in £. elegans followed by C. giganteum at 

25^0 and at 30*C in case of T. alba (Table 1). Leaf forma­

tion and its development also varied at different 

temperatures. Leaf primordia/leaves were developed in 



F i g , 3 % Seed germination {%) of .C^bidiajm ele^aris^, 

C» giganteum and Thunia alba a t d i f fe ren t 

temperatures • 
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F i g . 4 : Sef5dling growth index of £52l^idium e l e ^ ^ s , 

C. eiganteum and Thunia alba, a t d i f ferent 

temperatures• 
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'-" • • ssu: :rrrr rz.rr."-.-r"' 
Cult\jre 

orchid species period 

T. alba 

60 
90 
120 
150 

60 

90 
120 
150 

60 

90 

120 

150 

average area o. seedllnes/plantlets 
( ^^^\ _ — — 

20''C 25''C 30«'C 35''C 

0.36 

1.08 

2.69 

5.87 

0.29 

2.20 

5.50 

15.96 

0.06 

1.27 

1.85 

13.93 

0.25 

0.64 

3.08 

3.82 

1.27 

7.09 

17.13 
25.20 

0.19 
1.00 

14.46 

15.21 

0.04 

0.22 

1.35 

2.66-

0.25 

0.92 
4.86 

15.24 

O.lO 

1.40 

14.60 

16,17 

0.01 

0.15 

0.39 

1.72 

0.17 
0.22 

1.75 

1O.15 

1.06 

1.27 

4.22 



Table 2 

. on t . e production of leaf pr imordia / leaves of oreads in 
Effect of temperature on t h e prod 

^symbiotic condi t ions ^ T T T ' " 
7 «f leaf pr imordia / leaves <^ ) 

Average No. and area of ^ ; ^ ^ , 
' 30" C t 

C. £^ p,antem 

T, a lba 

60 
90 

120 

150 

0.97 
1.35 
1.82 

0 .04 

0.29 

1.50 

0.86 

1.46 

2 . 1 ^ 
2.29 

0.02 

0 .34 

1.84 

2.17 

1.54 0 .08 

2.49 2 .32 

2.83 3-03 

0.83 

1.37 

0.01 

0.60 



Table 3 : Effect of temperature on the production of rhizoids/roots of orchids in asycbio-
t i c conditions 

Culture 
Orchid species period 

(days) 

Average nunber and area of rhizoids/roots (E=.^) 

20*'C as^'c 30<'C 35"C 

c. 

c. 

I-

ele^ans 

# 

Rie^antevm 

a lba 

60 

90 

120 

150 

60 

90 

120 

150 

60 

90 

120 

150 

No. 

6.88 

14.37 
17.32 

19.69 

5.62 
9.01 

9.05 

9.82 

0.28 

1.05 

1.55 
1.98 

area { 

0.003 

0.007 

0.104 
0.41 

0.0009 

0.004 

0.12 

0.51 

b.0009 
O.OOl 

0.04 

0.23 

No. 

5.45 
8.96 

11.65 

13.07 

5 .80 

10.13 

10.39 
12.06 

0 .80 

1.4 l 
2 .10 

2 .81 

a rea 

O.OOl 

0.004 

0.22 
0 .30 

0.002 

0 .22 

1.16 

1.38 

0.001 

0 .06 

0 .29 

0 .37 

! No. 
• 

6.28 

8.44 
10.10 

12.74 

4.55 

8.15 
10.42 

11.31 

0.32 

0.85 

1.43 

1.89 

area 

0,0003 

O.OOl 

0.02 
0.16 

0.0005 

0.002 

0.13 

0.55 

O.OOl 

0.003 

0.13 
0.36 

; KG. 

6.59 
9.05 

10.00 

2.87 

5.76 
6.68 

8.50 

M» 

0.66 

1.07 

1.85 

area 

-

0.0007 
0.004 

0.13 

0.0003 

0.0005 

0.004 

0.42 

-

0.0008 

.0.005 

0.17 



P l a t e 5 : Seedling growth of c . g j ^ t e u m 

(Fig. 1), T. ^ ^ ^ (Fig. 2) and 

P̂ - ale^aiis (Fig. 3 ) , ^t d i f f e -

J '̂ent temperatures. 
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60-day*old seedlings a t 20 and 25*̂ 0 temperatures i n C. elegans» 

However, i n C. giganteum and T. a lba leaf primordia/leaves 

were produced a t 25°C only a f te r 60 days (Table 2 ) . Minimum 

number and area of leaf primordia/leaves was observed a t 35*C 

i n a l l the species (Table 2)» 

The l a rges t number and area of rhizo ids / roo t s were 

recorded a t 20®c i n £• elegans followed by C» gjgarrt^up and 

1* a -̂ba. a t 25°C (Table 3 ) . The seedling growth was inhib i ted 

a t 35"C (Tables 1-3 and P l a t e 5 ) . Seed l ings /p lan t le t s showed 

poor growth and turned brown a t 35°C af ter 150 days (Pla te 5 ) . 

S t a t i s t i c a l l y s ign i f i can t va r i a t ions were obtained 

between d i f fe ren t temperatures and the ages of cul ture i n 

r e l a t i o n to the seed germination and seedling growth i n a l l 

the st)ecies a t ^% l e v e l . 

2) Ef f Q9t 9;£ y^ 9^ i?|^ ,q§flfr# 

The r e s u l t s showed tha t the germination of seeds 

and t h e i r subsequent grov/th var ied at d i f fe ren t T^ levels 

(F igs . 5 and 6, Tables 4-6 and P la t e 6 ) . The highest germi­

na t ion was found a t pH 4 .0 , 5.0 and 6.0 i n C. eleyans. 

£• giganteum and T. alba, r e spec t ive ly . Whereas, lowest 

germination occiirred at pH 10.0 i n a l l the species (Fig. 5 ) . 

S igni f ican t va r i a t ions were observed a t 1% leve l i n seed 

germination between d i f fe ren t pH va lues . 



F i g . 5 ! Seed germination K%) of C^M^dium _^^^at^^, 

C, giganteijm and Thunia alba a t d i f fe ren t 

pH leve l s of the medium. 
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Fig. 6°. Seedling growth index of £^bJ^!-un S^^3!S^* 

C. gi_ganteum and Thunia alba at different 

pH levels of the medium. 
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Table 5 i Effect of pH of t he medium on t h e production of leaf pr imordia/ leaves of orchids in asymbio-
t i c condit ions 

Orchid spe­
c i e s 

C. e legans 

C. gi^anteum 

T . a lba 

C u l t u r e 
p e r i o d 
I days) 

60 

90 

120 

150 

6 0 

90 

120 

150 

60 

90 
120 

150 

^ 3 -

No. 

_ 

1.13 
1.74 
2.07 

m. 

1.15 
1.98 

2.11 

— 

0.72 
1.46 
1.58 

0 

a r e a 

V 

0.09 

0 .23 
0.71 

-

0 .13 
1.41 

.1.54 

. 

0.03 

0 .77 
0.91 

Averag 

4 . 
j 
1 Mo. 

1.42 
1.92 
2 .42 

0 .85 

1.37 
2 .15 
2 .26 

0 .65 
1.02 
1.72 
1.80 

;e number and 

0 

a r e a 

m. 

0 .18 
0 .64 
1.81 

0 .06 

0 .14 

1.49 
1.74 

0 .01 

0 .05 
1.24 

1.33 

1 

5 5 . 1 
{ No. 

1.12 

1.31 
1.85 

1.95 

0 .97 
1.81 

2 .44 
2 .66 

0 .79 

1.47 
2 .02 

2 .15 

a r e a 

0 

a r e a 

0 .03 
0.46 
0 .90 

1.03 

0.11 

1.07 

2.31 
3 .08 

0.01 

0.35 
1.74 
1.96 

of l ea f p r imord i a / l e a v e s 

I 6 . 
i 
1 No. 
i 

1.05 
1.28 
1.68 
1.80 

0 .63 
1.09 

1.69 
1.88 

1.12 

1.57 
2.47 
? .65 

0 

a r e a 

0.02 
0.20 

0.75 
0.80 

0.09 
0 .20 

1.59 
1.92 

0.03 
0 .09 

2 .33 
3 .16 

! 7 1 
1 No. 

0.94 

1.17 
1.43 

0.51 
0 .92 

1.57 
1.69 

-

1.34 
2 .00 
2 .08 

• • • 1 

. 0 J 
• i 

a r e a { 
1 

0 . 0 8 

0 . 1 9 
0 . 6 9 

0 ,07 
0 , 1 6 

1.31 
1.55 

-

0 .01 

0 .56 

0 . 6 7 

(mr^) 

8 . 

No.' 

_ 

0.83 
I.Ott 
1.23 

-

0.56 

1.10 

1.67 

-

1.07 

1.55 
1.66 

0 

area 

_ 

0.05 
0.15 
0,50 

-

0.07 

0.73 
1.26 

-

0.01 

0.39 
0.41 

! 10 
i 
! No. 

0.45 
0 .87 
1.08 

-

0 .44 

0 .94 

1.23 

-

0 .82 

1.19 
1.4l 

. 0 

' a r e a 

• 

0.01 

0 .12 
0 .32 

-

0 .04 
0 .38 

0 .86 

-

0.002 
0 .06 

0 . 2 3 



Table 6 : Effect of pH of the medium on the production of r h i zo id s / roo t s of orchids i n asyiabiotic condi t ions 

O r c h i d 
s p e c i e s 

Cul tu] 
p e r i 0 ( 

( d a y s ] 

60 

90 
C. e l e e a n s ^ ^ Q 

150 

60 

90 
C. g i g a n t e i m 

120 

-

r . a l b a 

150 

60 

90 

120 

150 

Te 
i 

No . 

2 . 8 6 

8 . 9 9 
1 1 . 0 0 

1 1 . 7 3 

4 . 2 7 

1 1 . 2 6 

1 3 . 1 6 

1 4 . 1 9 

0 . 3 1 

1.27 
1.88 

2 . 0 8 

-

3 . 0 1 4 
1 
1 

a r e a \ No . 
« 

0 . 0 0 0 8 3 . 9 5 

0 . 0 0 4 10 .11 

0 . 0 5 1 2 . 7 4 

0 . 2 4 1 4 . 2 0 

0 . 0 0 0 6 8 . 7 2 

0 .004 9 . 2 5 

0 .31 1 0 . 8 9 

0 . 0 4 1 2 . 7 8 

0 .0006 0 . 7 9 

0 . 0 6 1.36 

0 . 4 0 2 . 1 5 

0 . 5 2 2 . 4 3 

. 0 

a r e a 

0 . 0 0 1 

0 . 0 0 6 

0 . 0 6 

0 . 3 3 

0 . 0 0 1 

0 . 0 0 4 

0 . 4 8 

0 . 6 8 

0 . 0 0 1 

0 . 0 0 3 

0 . 3 7 

0 . 6 6 

A v e r a g e number and 

1 
1 

1 
; No . 
t 

4 . 1 5 
8 . 4 8 

1 1 . 2 7 

1 3 . 1 4 

7 . 1 2 

1 1 . 4 3 

1 3 . 9 5 
1 5 . 2 8 

0 . 8 8 

1 .62 

2 - 5 0 

2 . 7 8 

5 . 0 

a r e a 

0 . 0 0 2 

0 . 0 0 4 

0 . 2 2 

0 . 2 6 

0 . 0 0 2 

0 . 2 0 

1 .07 

1.71 

0 . 0 0 1 

0 . 1 2 

0 . 5 7 

0 . 8 5 

I 6 
-j 
1 No . 
1 

3 . 4 0 

5 . 7 0 

8 . 0 6 

1 1 . 7 8 

7 . 0 8 

1 1 . 1 7 

1 1 . 1 9 

1 3 . 1 4 

1.02 

1.45 
2 . 6 0 

3 - 1 8 

a r e a of r h i z o i d s / r o o t s Cmn 

>.o 

a r e a 

0 . 0 0 1 

0 . 0 2 

0 . 0 3 

0 . 2 0 

0 . 0 0 1 

0 . 0 0 4 

0 . 9 3 

1.17 

0 . 0 0 2 

0 . 0 0 7 

0 . 7 1 
1 .38 

7 
j 
; No. 
1 

3 . 2 5 

5 . 8 4 

8 . 8 6 

9 . 9 8 

8 . 6 1 

9 . 5 1 

9 . 8 3 

12 .09 

0 . 3 7 
1.10 

1.37 

1.95 

. 0 

a r e a 

0 . 0 0 1 

0 . 0 0 2 

0 . 0 2 

0 . 1 3 

0 . 0 0 1 

0 . 0 0 3 

0 . 5 4 

1.14 

I e 
1 
1 
{ w o . 
1 

2 . 7 5 

4 . 7 2 

6 . 8 8 

7 . 9 2 

3 . 1 5 

8 . 3 6 

9 . 2 0 

1 0 . 5 0 

0 . 0 0 0 7 0 . 3 1 
0 . 0 0 3 

0 . 4 0 

0 . 5 1 

0 . 8 6 

1 . 5 0 

1 . 6 4 

i2) 

i.O 

a r e a 

0.0007 

0.002 

0.01 

O.lO 

0.001 

0.003 

0.13 
0.56 

0.0005 

0 .003 

0 .23 

0.31 

! 10 . 
j 
1 No. 
1 

1.88 

3 .80 

5 .66 

7.46 

2 .26 

6 .18 

7 .73 
8.26 

0.23 

0 .53 

0 .99 

1.27 

,0 

a r e a ' 

0 , 0 0 0 4 

0 . 0 0 1 

0 . 0 2 

0 . 0 9 

O.OOl 

0 . 0 0 2 

0 . 1 1 

0 . 2 5 

0 . 0 0 0 2 
0 . 0 0 1 

0 . 0 3 
0 . 1 1 



P l a t e 6 : Seedling growth of C. ^i^anteum (Fig . 1) , 

T. alba (Fig. 2) and C. eleeans (Fig» 3 ) , 

a t d i f ferent pH levels of the mediiim. 
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Seedling growth was significantly higher between 

,the pH range of 5»0 - 6.0 (Fig. 6, Table 4). Maximum growth 

index of seedling developnent was noticed at pi 6.0 in 

£• ê -egâ s whereas, C. giganteum and T. alba exhibited the 

highest growth index at pH 5.0 (Fig. 6). Statistically 

significant variations were obtained at 5% level between 

varioiis jtfi and at ^% level between ages of cultures in rela­

tion to the growth index in all the species. 

The highest area of seedlings/plantlets was noticed 

at pH 5.0 and lowest at pH 10.0 in all the cases (Table 4). 

Analysis of variance showed significant variations at ^% level 

between different culture periods in relation to the area of 

seedlings/plantlets but the average area of seedlings/pi ant-

lets was statistically insignificant at different pH values. 

Development of leaf primordia/leaves also vari6d at 

different pH levels. The maximum average number and area of 

leaf primordia/leaves were observed at pH 4.0, 5*0 and 6.0 in 

C. elegans. C. giganteum and T. alba, respectively. However, 

leaf development was highly inhibited at pH 10.0 (Table 5). 

The development of rhizo ids/roots was comparatively better 

between pH range of 4.0 - 6.0 in all the species. The largest 

nvmiber and area of rhizo ids/roots were recorded at jH 5»0 in 

C. giganteum followed by C. elegans at pH 4.0 and T. ^ba at 

pH 6.0 (Table 6). The overall gro-wth of seedlings, roots and 

leaves was suppressed at pH 8.0 and 10.0 in all the species 
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(Plate 6). 

3) Effect of light 

a) Effect of light intensity 

The seed germination and subsequent seedling 

growth of all the orchid species was greatly influenced by 

different light intensities (Plate 7, Figs. 7 and 8) • The 

maximum seed germination was observed in dark in case of 

C. elegans and T. alba. On the other hand, C. giganteum •• 

showed higher percentage of seed germination at 1500 lux 

light. However, the lowest seed germination occurred at 5000 

lux light (Fig. 7). The seed germination showed significant 

variation at 196 level between different light intensities in 

all the species. The growth index was maximum at 1500 lux in 

C. elfcgans and at 3000 lux in C. gigant̂ van and T. alba while 

the lowest growth index occurred under dark conditions in all 

the cases (Fig. 8). 

Significant variations were observed between 

different light intensities and culture periods at ^% level in 

relation to the growth index in all the orchid species. 

Similarly, the maximum area of seedlings/plantlets was also 

achieved at 1500 lux in C. elegans and at 3000 l\ix in 

C. gjganteum and T. alba whereas, the minimum area of seed­

lings/plantlets was recorded In the dark conditions (Table 7). 



F i g . 7 » Seed germination {%) of S^mbo^dium e l e g ^ s 

C» giganteum and Thunia alba a t d i f ferent 

l i g h t i n t e n s i t i e s . 
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F i g . 8 : Seedling growth index of Cj^mMAixm ejLegans, 

C. giganteum and Thunia alba, a t d i f ferent 

l i g h t i n t e n s i t i e s . 
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Table 7 : Effect of l igh t i n t e n s i t i e s on the growth of seedl ings / 
plantLets of orchids in asymbiotic conditions 

Culture Average area of^^eedi ings /p lan t le t s 

Orchid species (^ays) 0 lux 1500 lux 3000 lux 5000 lux 

60 
90 

150 

60 
90 

C. ^^anteum. ^^0 

150 

60 
90 

1- alba ^20 

150 

0.03 

0.12 

0.41 

2.52 

0 .11 

0.54 

3.63 

7.87 

0.02 

0.06 

1.37 

4.33 

0.26 
1.01 

5.32 

7.24 

0.22 

2.12 

14.48 

17.07 

0.04 

0.20 

5.52 

14.26 

0,16 

0.63 

3.99 
5.08 

1.04 

6.51 

19.82 

23.18 

0.18 

1.09 

5.67 

17.21 

0.07 
0.18 

1.66 

4.13 

0.66 

1.94 

11.61 

14.05 

0.11 

0.23 
3.84 

15,26 



... r> nf leaf primordia/leaves of orckiids 
, . , X e B : m e e t o . U . . t i n t e n s i t i e s on t h e production o . Uaf 

in asymbiotic condit ions 

C. 

T. a lba 

Cult\:ire 
orch id species period 

60 
90 

120 

150 

0.57 

1.13 

1.39 

0.005 
0.08 

0.36 

0.96 
1.67 
1.78 

. . 

0.04 

0.94 

1.09 

1.07 

1.83 
2.52 

2.78 

0.04 
0.62 
2.85 
3.28 

0.87 
1.40 

1.96 

2.13 

0.02 
0.06 
1.45 
1.64 



Table 9 : Effect of l ight in tens i t ies on the production of rhizoids/roots of orchids in asym-
bio t ic conditions 

Orchid species 

C. elep;ans 

C. pjiganteum 

T. a lba 

Cultiire 
period 
(days) 

60 
90 

120 
150 

60 
90 

120 
150 

60 
- 90 

120 

150 

0 

No. 

4.45 
5.57 
8.92 

10.02 

4.18 
7.67 

11.15 
12.06 

0.71 
1.37 
1.65 
1.78 

Average number and area 

lux 

area 

0.002 
0.003 
0.004 
0.11 

0.002 
0.003 
0.04 
0 , l6 

0.001 
0.003 
0.03 
0.17 

j 1500 
\ 
J W o . 
• 

4.88 
10.91 
12.32 
13.14 

4.13 
12.12 
13.91 
15.39 

0.51 
1.27 
2.06 
2.33 

l\ax 

area 

0.002 
0.005 
0.28 
0.34 

0.001 
0.004 
0.70 
1.16 

0,0009 
0.003 
0.33 
0.47 

1 
t 
1 
T 
1 
t 
» 

I of rh izo ids / roo ts (r= 

3000 

No. 

5.51 
6.82 
7.58 

10.22 

9.01 
9.86 

10.53 
11.95 

0.95 
1.69 
2.55 
2.82 

l u x 

area 

0.002 
0.004 
0.26 
0.27 

0.001 
0.16 
0.75 
0.86 

0.001 
0.18 
0.72 
0.83 

2) 

! 5000 lux 

1 iNC. 
. } 

3.65 
7.45 
8.o:-
8 . 1 c 

3.65 
7.67 
8.r . 

10.02 

0.75 
1.42 
2.03 
2.15 

a rea 

0.001 
0.082 
0.025 
0.17 

0.001 
0.005 
0.40 
0.46 

0.001 
0.002 
0.18 
0.46 



P l a t e 7 s Seedling growth of C. gi^anteum (Fig . l ) , 

S» a L ^ (Fig. 2) and C. ele^^is (Fig . 3 ) , 

a t d i f ferent l i g h t i n t e n s i t i e s . 
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Statistically, significant variations were obtained 

in relation to the average area of seedlings/plantlets at ^% 

leve'.. between culture peiiods in all the species and at 5% 

level bet-ween various light intensities in case of C. ele,g;ans 

9 ^ £• gi,p;anteum« However, variations were not significant 

in case of T» alba» The develojanent of leaf primordia/leaves 

also varied with different light intensities (Table 8), The 

light intensities of 1500 lux and 3000 lux supported the 

maximum number and area of leaf primordia/leaves in C»elegans 

and C, gjganteian. T, alba respectively. On the other hand, 

minimum number and area were noticed in the dark in all the 

cases (Table 8). 

The rhizoids/roots were best formed under 1500 lux 

light intensity in C. eleaaos and C» giganteigg whereas, in 

T. alba both number and area of rhizoids/roots were highest 

at ?onn i^^ light (Table 9). However, higher light intensi­

ties and dark conditions were inhibitory for rhizo Ids/roots 

development in all the species (Table 9) • 

t*) Effect of light Quality 

The seed germination and seedling development were 

variously affected by different light qualities (Fig. 9 and 

10, Table 10, Plate 8). The maximian seed germination weis 

noticed in the green and white light in C. elegan:̂  and 

C. giganteuBU respectively. Seed germination on the other 



Fig» 9 i Seed germination (%) of Q^pJ-dlxm ele^^am, 

C. gjganteijjn and Thunia alba, under l i g h t 

of d i f ferent qua l i t ieso 
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Pig . 10 : Seedling gro-wth index of .^S^idfcium eleg^^is, 

C. giganteum and Thunia alba, under l i g h t 

of d i f ferent q u a l i t i e s . 
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Table 10 : EXTect o£ light qualities on tho growth o£ aeedlinga/ 
plantlets of orchids in asymbiotic conditions 

Orchid species 
Culture 
period 
(days) 

Average area of seedlings/plantlets 

c. 

c. 

T. 

elegans 

F-iganteum 

alba 

60 
90 

120 
150 

50 
90 
120 

150 

60 

90 
120 

150 

0.11 
0.44 

3.13 
3.77 

0.17 
1.98 
11.00 
13.48 

0.10 

0.37 
13.27 
14.56 

0.23 
1.00 

5.11 
7.68 

0.69 
4.79 
15.05 
17.04 

0.18 

1.17 
15.53 
18.49 

0.03 
0.11 • 

1.95 
2.40 

0.11 

0.46 

6.63 
7.59 

0.08 

0.16 
12.50 
13.38 

0.13 
0.65 
3.76 

4.69 

0.84 

6.19 
20,46 
22.81 

0.03 

0.19 
12.95 
13.79 

0.03 
0.09 
0.32 
2.25 

0.10 

0.41 

3.11 
4.61 

0.01 

0.06 
4.10 
7.48 
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Table 12 : Effect of l i g h t q u a l i t i e s on the production of r h i z o i d s / r o o t s of orchids in asymbiotic 
conditions 

-̂  . J , . Culture 
Orchid species j^od 

(days) 

Average number of area of rhizoids/roots (min̂ ) 

red green blue white 

No. area \ No. area No. area No. area 

dark 

Ko. area 

C. elegans 

C. gigantetJim 

T . a l b a 

60 

90 

120 

150 

60 

90 

120 

150 

60 

90 

120 

150 

5 . 2 0 

5 . 6 5 

7 . 5 1 

9 . 2 6 

2 . 1 2 

6 . 5 2 

7 . 7 0 

6 . 9 6 

1.05 

1.67 

2 . 6 1 

2 . 8 5 

0 . 0 0 2 

0 . 0 5 

0 . 2 1 

0 . 2 3 

0 . 0 0 1 

0 , 0 0 3 

0 . 4 5 

0 . 5 2 

0 . 0 0 1 8 

0 . 0 0 6 

0 . 7 1 

0 . 9 3 

5 . 1 8 

1 0 . 3 6 

11 .85 

12 .31 

5 . 4 6 

1 0 . 6 l 

1 1 . 2 3 
1 2 . 5 0 

1.10 

1.77 

2 . 7 5 

3 . 0 7 

0 . 0 0 2 

0 . 0 0 5 

0 . 2 6 

0 . 3 1 

O.OOl 

0 . 1 8 

0 . 9 4 

1.02 

0 . 0 0 3 

0 . 2 3 

0 . 7 3 

1.04 

2 . 3 6 

4 . 8 0 

6 . 5 1 
7 . 5 0 

5 . 2 6 

1 2 . 3 9 

1 2 . 5 6 

1 3 . 4 0 

0 . 8 5 

1.33 

2 . 2 4 

2 . 8 7 

0 . 0 0 1 

0 . 0 0 2 

0 , 1 3 
0 . 1 8 

0 . 0 0 1 4 

0 . 0 0 5 

0 . 1 5 
0 . 2 0 

0 . 0 0 1 9 

0 . 0 5 

0 . 4 2 

0 . 6 2 

3 . 6 9 

7 . 1 7 

7 . 6 2 

9 . 7 0 

6 . 0 5 

13 .50 

16 .26 

17 .57 

0 . 5 2 

1.30 

2 . 0 3 

2 . 2 0 

O.OOl 

0 . 0 0 4 

0 . 2 0 

0 . 2 7 

0 . 0 0 6 

0 . 2 5 

1.15 

1.41 

0 . 0 0 0 4 

0 . 0 0 2 

0 . 3 7 

0 . 5 3 

3.76 

4 .87 

. 9 . 2 8 

10.37 

4 .52 

6.66 

12.34 

14.89 

C.72 

1.37 

1.71 

1.82 

. 0 . 0 0 1 

0 . 0 0 3 

0 . 0 0 4 

0 . 1 0 

0 . 0 0 1 2 

0 . 0 0 1 5 

0 . 0 4 

0 . 1 4 

0 . 0 0 1 4 

0 . 0 0 3 

0 . 1 6 

0 . 1 9 



P l a t e 8 : Saedling gro-wtli of C* fiifianteum (Fig. 1), 

T. al^ba (Fig . 2) and C. e l e ^ ^ ^ , (Fig. 3), 

under l i g h t of d i f ferent q u a l i t i e s . 
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hand, was enhanced in the dark conditions in case of T. alba 

(Fig, 9)0 The lowest percentage of seed germination was 

obtained in the blue and red light regimes in C. elegans. 

Z* olba* a"cl C, gifijanteum. respectively (Fig. 9)t 

The data analysis revealed significant variation 

at ^% level between different light qualities and culture 

period in relation to the seed germination in all the three 

species* 

The highest growth index was noticed under the 

green light in C* elegans and T. alba, but C, giganteum 

exhibited better growth index in white light than the other 

light qualities# The lowest growth index was recorded in the 

dark condition in all the species (Fig, 10), The growth 

index was significantly d-fferent at ^% level between light 

qualities and culture periods in all the species studied. The 

average area of seedlings/piantlets was also enhanced in the 

green light in case of C. elegans and T» alba whereas, 

C, £̂ igant,evmi exhibited maximum area of seedlings/plantlets in 

white light (Table 10). The minimum area of seedlings 

resulted in the dark conditions in all the cases. The 

average area of seedlings/plantlets was significantly diffe­

rent at 196 level between different culture periods but the 

difference in the area of seedlings/plantlets between the 

light qualities was found to be insignificant in all the 



F i g . 11 : Seed germination {%) of £}SJ^J;^JJ|i ^J^^^S^f 

C. giganteum and Thunia alba, under 

d i f ferent photo per iods . 
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F i g , 12 t Seedling growth index of Cymbidium .elej^ans, 

9.* £iSSS?,Si°i ^^^ ^hunia alba, under 

di f ferent photo per iods . 
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Table 13 : Effect of photoperiods on the grovrth of seedlings/ 

plantlets of orchids in asymbiotic conditions 

Orchid species 
Culture 
period 
(days) 

Average area of seedlings/plant-
lets (mm2) 
, , 

8 hr I 12 hr i 16 hr I 20 hr 
t I I 

24 hr 

c. 

c. 

T. 

elesans 

p̂ î anteum 

alba 

60 

90 
120 

^t>o 

60 

- 90 

120 

150 

60 

90 

120 

150 

0.08 

0.45 

2.87 

3.41 

0.32 

1.49 

7.56 

9.26 

0.09 
0.20 

2.62 

13.75 

0.17 
2.00 

6.75 

0.76 

0.67 
3.84 

11.31 

15.13 

0.19 
1.06 

7.26 

18.52 

0.13 
0.68 

4.75 

5.76 

0.90 

6.54 

24.44 

29.43 

0.09 

0.21 

3.18 

15.56 

0.09 
0.40 

3.83 
5.40 

0.59 
2.46 

17.05 

20.23 

0.03 
0.20 

3.41 

14.54 

0.05 
0.34 

1.51 

3.24 

0.11 

0.43 

4.09 

11.37 

0.01 

0.06 

1.29 

11.13 
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Table 15 : Effect of photoperiods on the production of rhizoids/roots of orchids in as^inbiotic 
conditions 

Orchid species 

C. elepcans 

C. ^iganteim 

T. alba 

Culture 
period 
(days) 

6 0 

9 0 

120 

150 

60 

90 
120 
150 

60 

90 

120 

150 

8 

I M O . 

5.26 
8.49 
9.15 

10,18 

5.34 
11.06 
12.96 
13.45 

0.31 
1.00 
1.69 
1.89 

Average number and 

hr { 

area | 

0.0002 
0.004 
0.21 
0.37 

0.0009 
0.004 
0.36 
0.48 

0.0006 
0.002 
0.16 
0.31 

12 

N o . 

5.33 
8.68 
9.13 

11.20 

3.75 
7.60 
8.27 

10.45 

1.00 
1.80 

2.73 
3.53 

h r 

area 

0.001 
0.05 
0.25 
0.40 

0.001 
0.16 
0.52 
0.66 

0.002 
0.29 
0.87^ 
1.38 

area of 

! 16 1 
1 No . 
1 

5 . 4 1 

1 0 . 9 8 

1 1 . 2 6 

1 3 . 1 2 

6 . 6 0 

9 . 9 8 

1 0 . 2 5 

1 5 . 0 6 

0 . 7 7 

1 .38 

1 .96 

3 . 0 7 

r h i z o i d s / r o o t s 

h r 

a r e a 

0 . 0 0 2 

0 . 0 1 

0 . 3 7 

0 . 4 9 

0 . 0 0 1 

0 . 0 4 

0 . 9 6 

1 .46 

0 . 0 0 2 

0 . 0 1 

0 . 2 2 

0 . 6 3 

! 2 0 

; N o . 

5 . 4 7 
9 . 4 2 

1 0 . 1 5 

1 1 . 2 6 

5 . 2 0 

9 . 6 1 

9 . 8 5 

1 0 . 8 0 

0 . 4 6 

1 .29 

1.71 

2 . 5 3 

(mm^) 

hr 

a r e a 

0 .001 

0 .003 

0 .30 

0 .48 

0 .0008 

0 .002 

0 . 5 4 

0 .87 

0.0004 

0 .006 

0 .17 

0 .27 

24 

No. 

4 .56 

6 .26 

6 .88 

8 .04 

3 .08 

8 .03 

10.61 

11.88 

0.65 

1.27 

1.73 

1.87 

h r 

a r e a 

0 . 0 0 0 7 

0 . 0 0 2 

0 . 0 3 

0 . 2 9 

0 . 0 0 0 5 

0 . 0 0 3 

0 . 0 5 

0 . 3 0 

0 . 0 0 0 3 

0 . 0 0 3 

0 . 0 3 

0 . 1 5 



P l a t e 9 : Seedling growth of C. jgig^teum (Fig. 1), 

T« alba (Fig. 2) and C. ^^le^ans (Fig . 3) , 

under d i f ferent photo per iods . 
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species except in C. elegans. 

The formation and developaent of leaves and roots 

also varied under different light qualities (Tables 11 and 12)• 

The highest number and area of leaf and root occurred under 

green light in C. elegĵ ns and T. albŝ  while, white light 

induced better root and leaf formation in C. gjganteum 

(Tables 11 and 12). 

c) Effect of Photoperiod 

The seed germination and seedlings growth varied 

under different photoperiods (Figs. 11 and 12* Table 13* 

Plate 9). Seed germination was uniformly at its lowest percen­

tage in 24 hr photoperiod. It was significantly higher 

between 8-i6 hr photoperiod (Fig. 1l). The maximum seed 

germination was recorded under 8, 12 and l6 hr photoperiods in 

£• eî f̂iŝ ns. T. a^^ and C. giganteign. respectively (Fig. 11). 

The highest and lowest growth index of seedling development 

were noticed under 12 and 8 hr photoperiods respectively in 

T. alba. C. elegans and C. giganteum exhibited higher growth 

index at 12 and l6 hr photoperiod, respectively. On the other 

hand the lowest growth index was recorded imder 24 hr photo­

period in both the species (Fig. 12). Significant variations 

were obtained between different photoperiods and culture 

periods in relation to the seed gennination and growth index 

at 1% level and 5% level, respectively. 
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The average area of seedl ings /p ian t l e t s was 

maximum under 12 hr photoperiod in C. elegans and ^« alba 

v/hereas, in gi ^jfiefLteum i t vfas highest a t l6 hr pho1»periad. 

The seedl ing grovrth was inhib i ted under 24 hr photoperiod in 

a l l the species (Table 13, P l a t e 9 ) . S t a t i s t i c a l l y i n s ign i ­

f i can t va r i a t ions were observed i n r e l a t i o n to the average 

area of Seedlings/pi a n t l e t s between d i f fe ren t photoperiods 

but va r i a t i ons were s ign i f i can t a t 1% leve l between cultiare 

per iods• 

The development of leaf primordia/leaves also 

var ied a t d i f fe ren t photoperiods* The maximum number and 

area of leaf primordia/leaves were obtained under 12 hr 

photoperiod in C. elegans and T, alba while, leaf production 

was highest a t l6 hr photoperiod in case of C. ^i^anteum 

(Table 14) • The highest average number and area of r h i z o i d s / 

roo t s occurjced under 16 hr photoperiod in both the Cymbidium 

species but in T. alba these were highest a t 12 hr photo­

per iod . The 24 hr photoperiod resu l t ed in minimum number and 

area of rh i zo ids / roo t s i n a l l the species (Table 15)» 

I I . Effect of Temperature, pH and Light on Symbiotic Seed. 

Germination and subsequent Seedling Growth of Orchids 

'^^ Effect of temperature 

The symbiotic germination of seeds and seedl ing 



F i g . 13 ' Symbiotic seed germination i%) of Cymbidium 

_^^e_gans,, a t d i f fe ren t temperatures. 
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F i g . 14 : Symbiotic seed germination C )̂ of O^^J^i^ 

^i^anteuin, at d i f ferent temperatures* 
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F i g . 16 : Symbiotic seedl ing growth index of 

Cymbidium elegans, a t d i f ferent 

temperatures • 



O—O RH15 

RH36 

Fig.16 
CYMBIDIUM ELEGANS 

A — 1 ^ RUbk 0 - - 0 RAt+O 

• • RA20 • - - - • CONTROL 

50 90 120 150 0 60 90 

CULTURE PERIOD (DAYS) 

120 50 



Fig . l7 • Symbiotic seedling growth index of 

•Q^JiB-i^ii^ ^i;S^"^i3£i» "̂̂  d i f fe ren t 

temperatures * 
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Fig . 18 '. symbiotic seedling growth index of 

^^m^^ . ^ a , at different tempera­
tu res . 
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development varied with respect to the temperatures (Plate 10, 

Figs. 13-t5). The maxlmiim seed germination was noticed at 

25*0 -/ith RH15, RH36, RH5̂ :- and RA20. However, with RA40 

comparatively higher percentage of seed germination resulted 

at 20«*C. The seed germination was the lowest with all the 

fungal endophytes at 35**C in C. elê ,ans (Fig. 13) • C}̂ bJ.di;jm 

p̂ ip̂ aziteum showed the higher seed germination with RH36, RH54 and 

RH15, RA20, RA40 at 30° and 25°C, respectively. At 35°C the 

seed germination was inhibited in all the cases (Fig. 14). The 

seed germination in T. alba was higher at 20°C using RH36 and 

RH54 isolates but with RA20 and RA40 better germination was 

recorded at 25 and 30''C, respectively (Fig. 15). Seed germi­

nation was significantly different at 1% level between diffe­

rent temperatures and at 5?̂  level between different fungal 

isolates in all the speciv-S. 

The maximum growth index in C. ele^ans was 

obtained using RH54 followed by R120 at 25*C. On the other 

hand, growth index was enhanced at 30^0 •using RH15, RH36 and 

RA40 isolates (Fig. l6). In case of C. î̂ anteum,. the growth 

index was significantly higher at 25°C with RH15, RH36, RA20 

and RA40 isolates than the other temperatures whereas, growth 

index increased at 20°C using RH54 endophyte (Fig. 17)• 

Significantly higher growth index "was observed using RH36, 

RH54 and RA40 at 20°C and with RH15 and RA20 endophytes at 

25*0 in T. alba (Fig. 18), Growth index, however, decreased 



Table lb : Effect of temperature on the growth of seedlings/ 

plantlets of orchids in symbiotic conditions 

Orchid species 

C. ele^ans 

C. giganteum 

T. alba 

Fungal 
isolates 

RH 15 

RH 36 

RH 54 

RA 20 

HA 40 

Control 

RH 15 

RH 36 

RH 54 

HA 20 

RA 40 

Control 

RH 15 

KH 36 

KH 54 

.iA 20 

KA 40 

Control 

Average 

20«»C 

1.21 

1.73 
4.56 

2.12 

3.06 

1.15 

5.16 

3.23 

8.79 

12.26 

5.45 

7.67 

4.90 

2.67 

11.67 

9.47 

10,82 

6.32 

area of 
m̂ra 

25*0 

1.25 

2.54 

5.35 

4.19 

3.55 

1.36 

8.96 

4.13 
9.96 

16.75 

18.45 

10.54 

4.98 

3.99 

12.26 

10.05 

11.03 

8.97 

seedlings/plantlets 

30" C 

1.02 

1.15 

1.33 

1.45 

2.49 

1.06 

2.64 

4.76 

10.12 

7.69 

9.55 

4.99 

3.60 

7.95 

6.22 

8.45 

10.95 

7.92 

1 ' • " 

1 

0.82 

0.96 

1.46 

1.55 

1.67 

0,75 

1.17 
1.02 

8.11 

4.92 

3.15 

2.45 

2.13 

3.76 

5.15 

10.96 

7.63 

2.32 
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T a b l e 18 : E f f e c t of t e m p e r a t u r e 

c o n d i t i o n s , a f t e r 150 

O r c h i d s p e c i e s 

C. e l e ^ a n s 

C. j j i ^ a n t e u m 

T . a l b a 

— , , , . . , ,,., , , „ , 

F u n g a l 
i s o l a t e s 

RH 15 

RH 36 

RH 54 

RA 20 

RA 40 

C o n t r o l 

RH 15 

RH 36 

RH 54 

RA 20 

RA 40 

C o n t r o l 

RH 15 

RH 36 

RH 54 

RA 20 

RA 40 

C o n t r o l 

20 

No. 

10 .62 

1 6 . 7 9 

17 .15 

15 .92 

17 .23 

9 . 0 2 

8 . 9 6 

9 . 7 5 
10 .15 

11 .49 
1 0 . 0 0 

7 . 0 0 

1.22 

1.36 

1.55 

1.82 

1.76 

1.69 

on t h e 

d a y s 

Aver a 

(<»C 

a r e a 

0 . 1 2 

0 . 1 6 

0 . 1 7 

0 . 2 6 

0 . 2 8 

0 . 2 5 

0 . 7 9 

0 . 8 9 

1.02 

1.12 

0 . 6 2 

0 , 4 7 

0 . 1 7 

0 . 2 1 

0 . 2 3 

0 . 2 7 
0 . 3 1 

0 . 1 9 

p r o d u c t i o n o f r 

Lge ni^mber 

25 ' ' 1 
1 No. 
' . . . . . 

6 . 7 2 

8 . 6 5 

9 . 5 5 

12 .16 

1 4 . 4 4 

10 .55 

1 2 . 4 9 

1 0 . 3 2 

9 . 6 2 

1 1 . 1 1 

1 2 . 2 3 

8 . 9 5 

1.95 

2 . 0 2 

2 . 3 6 

2 . 5 4 

3 . 1 7 

1.80 

' h i z o i d s / 

and a r e a of r 

C 

a r e a 

0 . 1 5 

0 . 1 2 

0 . 2 8 

0 . 2 5 

0 . 3 1 
0 . 2 8 

1.02 

1.15 

0 . 9 6 

0 . 7 9 

1.25 

0 . 6 5 

0 . 2 6 

0 . 2 1 

0 . 2 4 

0 . 3 8 

0 . 4 l 

0 . 3 5 

1 30 
J 
} No . 

7 . 6 5 

8 . 5 4 

9 . 4 5 
10 .11 

1 1 . 2 5 

7 . 6 5 

7 . 8 6 

8 . 2 5 

9 . 9 9 

8 . 4 4 

7 . 5 0 

5 . 5 6 

1.85 

2 . 1 1 

2 . 6 7 

1.57 

1 .97 

1 .74 

' r o o t s of 

h i z o i d s / j 

"C 

a r e a 

0 . 1 0 

0 . 1 2 

0 .25 

0 . 1 5 

0 . 2 5 
0 . 1 9 

0 . 6 i 

0 . 7 2 

0 .81 

0 . 7 7 

0 . 8 5 

0 . 4 5 

0 . 1 7 

0 .22 

0 . 2 7 

0 .36 

0 .45 

0 . 2 6 

o r c h i d s 

• 

r o o t s (nc 
'"1' 

1 
t 

t 
1 

35 

No. 

5 . 7 6 

6 . 9 6 

8 . 4 5 

10 .55 

9 . 7 6 

5 . 8 2 

4 . 1 5 

5 . 6 5 

5 . 3 9 

6 . 7 2 

6 . 8 5 

3 . 9 8 

1.29 

1.45 

1.65 

1.77 
1.80 

1.66 

i n s y n b i o t i c 

• 

h 
"Z 

cxea 

o.:^34 

0.0'iO 

0.012 

C.I 2 
0. iO 

0.19 

0.25 

0.20 

C.35 

0.41 

C.33 

0.11 
r; < /, 

0.15 

C.26 

0.23 

C.17 



Pla t e 10 : Symbiotic seedling growth of C, £i^anteum 

(Fig. 1), T. ^ b a (F ig . 2) , and 

C. ele^^js (Fig . 3)» at d i f ferent tempera-

t a r e s . 
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att 35**C i n a l l the orojplds using a l l the fungal i so la t e s 

(F ig , i6- ' i8 ) . S igni f icant va r ia t ions were obtained between 

d i f fe ren t temperatures a t 1% leve l i n r e l a t i o n to the growth 

index but the va r ia t ions were ins ign i f ican t between fungal 

i s o l a t e s . 

The seedlings of C. elegans incubated at ZS^C 

temperature exhibixed the highest average area of seed l ings / 

p l a n t l e t s with a l l the endophytes while a t 35°C the area was 

the lowest (Table 16)• The higher area of s eed l ings /p i an t l e t s 

o^ £a gjganteum vas observed a t 25° and 30<'C with RH15, RA20, 

RA40 and RH36, BH54 i s o l a t e s , r e spec t ive ly . Similar ly , area 

of s eed l ings /p l an t l e t s was also more i n T. a lba a t 25" and 

30°C temperatures by RH15, RH54, RA20, RAAO and RH36, 

respec t ive ly (Table 16) . S t a t i s t i c a l l y s ign i f i can t var ia t ions 

were observed a t 5% l eve l between d i f fe ren t fungal i so l a t e s i n 

r e l a t i o n to the seedling growth. 

The formation and development of leaves and 

roots also var ied with d i f f e ren t tonperature treatments using 

d i f fe ren t mycorrhizal fungi (Tables 17 and 18). The highest 

average nuaiber and area of leaf primordia/leaves was noticed 

a t 25*0 temperature i n C. ele^at^,. C- gjganteum and T. j^jaa 

with various fungal i s o l a t e s (Table 17). 

Though the average number of rhizo ids / roo t s i n 

C. eleg^Etns was maximijan a t 20''C tonperature in a l l the f ive 
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endophytes studied, the area was higher at 25"C treatment 

(Table 18)„ The rhizoids/roots production in C. giganteum 

was higher at ZO^C using RA20, RH54 and 25''C with RH15, RH36 

and RA40 (Table 18). Thunia albg exhibited the maximum 

number and area of rhizoids/roots at 25**C using RH15, RA20 and 

RA40 and at 30°C with RH36 and RH54. The rhizoids/roots 

development was poor in all the species at 35"*C with various 

endophjrtes (Table I8). 

2) Effect of yM of the med̂ iiyi 

The symbiotic seed germination and subsequent 

seedling growth of orchids were variously affected by pH 

levels (Plate 11, Figs. l9-2l). In C, elgggss, the higher 

seed germination was obtained at pH 3*0 using RH36, RA40 and 

at pH 4.0 using RH15, RH54 and RA20 strains (Fig, 19). Seed 

germination in C, grĵ anteum was significantly higher at -pd 

4.0 using RH36, RH54 and at pH 5.0 using RHl5, RA20 and RA40 

isolates (Fig, 20). Thunia ^ba exhibited the maximum seed 

germination at pH 6.0 with all the fungal endophytes. However, 

it was lowest at 1^ 1O.O (Fig. 21). Seed germination was 

significantly different at ^% level between different i4i 

values and at 5% level between different fungal isolates in 

all the species. 

Seedling growth also varied with different pH 

levels. The higher growth index in C. elep̂ ans was recorded 



F i g . 19 : Symbiotic seed germination {%) and 

seedling grov/th index of C;̂ mbidJLum 

eleaans, a t d i f fe ren t pH leve l s of 

the medivira. 
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F i g , 20 : Symbiotic seed germination {%) and seedling 

grov/thi index of Cymbidiiora gieanteum, a t 

d i f ferent pH levels of the medium. 
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F i g . 21 : Symbiotic seed germination {%) and seedling 

grov/th index of Thunia alba, a t d i f ferent 

pH leve ls of the medium. 



o 

d 
XI 
m 
m 
o o 

GROWTH INDEX 
O Ul Q en 

SEED GERMINATION C ^ ) 

c: 

> 

> 

CD 
> 



Table 19 : Effect of pH of the mediiim on the growth of seedl ings /p lant l e t s of orchids 
in symbiotic condit ions a f te r 150 days 

Orchid species Fimgal 
i s o l a t e s 

3.0 

Average area of seedlings/plantlets (mm̂ ) 

4.0 5.0 6.0 7.0 8.0 10.0 

C. elep;ans 

C. eiganteum 

, 

T . a l b a 

RH 15 
RH 36 
RH 54 
HA 20 
RA 40 

Control 

RH 15 
RH 36 
RH 54 
RA 20 
RA 40 

Control 

RH 15 
RH 36 
RH 54 
RA 20 
RA 40 

Control 

2.21 
3 .07 
3 .94 

10.30 

9 .38 
1.98 

3 .95 
9 .46 

11.34 

9 .15 
14.45 
4 . 1 9 

10.00 

6 .16 
14.00 
12 .10 

6 .89 
5 .45 

5 .99 
4 .41 
9 .68 

10.75 
6 .71 

. .4 .77 

5 .23 
8.95 

16.63 
11.32 
10,15 

6 .23 

13.65 
10.00 

8.69 
20.65 
17.61 
11.14 

6 .64 
5.86 

12.95 
7.69 

9.71 
5 .59 

8 .79 
10.26 
13.26 
20.11 

16.75 
5.15 ' 

12.26 

8.65 
15.34 
10,62 

21.65 
13.60 

3.12 
6.54 
9.01 

3.46 

3.83 
3.04 

6.71 
9.15 
8.75 

16.23 
10.15 
4 ,11 

1 8 . l 4 

9.45 
12.65 
16.66 

'<&1.14 
14.34 

3.21 
4.14 
4 .58 
3.40 
3.00 

2.86 

3.34 

2.25 

5.15 
6.92 

9.45 
3.15 

11.65 
7.41 
6.00 

16.25 
10.25 

9.25 

1.78 
3.93 
3.22 
4 .86 

2.89 
1.59 

2.15 
3.35 

6.65 
4 .45 
7.16 

2.45 

10.26 

3.21 

8.65 
4.75 
5.65 
7 .9^ 

3.57 
3.18 
4.98 

2.16 
3.02 
1.50 

2.06 
3.16 
3.46 

5.75 
1.16 
1.40 

2.16 
4.00 

3.16 

5.29 
7.t>5 
5.61 



Table 20 : Effect of pH of tkie medium on ttie product ion of leaf pr imordia/ leaves of orchids i n symbio­

t i c conditions af te r 150 days 

Average number and a rea of leaf primordia/ leaves Cnim2) 

Orchid species I'^Hl^ 3.0 j 4 .0 j 5.0 j 6 .0 j 7.0 j 8.0 j 10.0 
No. a rea ! Mo. a rea ! No. a rea ! No. area ! Nol a rea i Ho. area i No. area 

I J I J I I 

C. e l e g a n s 

C fijip^anteim 

T . a l b a 

KH 15 

KH 36 

RH 54 

KA 20 

KA 40 

1.54 

1.65 

2 .06 

2 . 1 5 

1.77 

Cont ro l 1.50 

KH 15 

RH 36 

RH 54 

RA 20 

KA 40 

1.23 

1.45 

1.63 

1.78 

1.88 

Cont ro l 1.32 

RH 15 

KH 36 

RH 54 

RA 20 

RA 40 

1.16 

1.25 

1.67 

1.49 

1.55 

Con t ro l 1.19 

0 . 5 3 
0 . 6 4 

0 . 7 8 

0 . 8 9 

0 . 9 6 

0 . 4 8 

1 .27 

1.67 

1 .49 

1.82 

1.96 

1.37 

0 . 6 4 

0 . 5 7 
0 . 6 8 

0 . 9 1 

0 . 8 0 

0 . 5 7 

1.85 

2 . 1 1 

1.75 

2 . 3 4 

2 . 2 4 

2 . 1 7 

1.95 

2 . 1 6 

2 . 2 8 

1 .89 

1.96 

1 .57 

1 .89 

1.36 

1 .48 

1.55 

1.71 

1 .57 

0 . 9 6 

0 . 8 0 

0 . 7 5 

1 .17 
0 . 9 0 

0 . 5 7 

1 .33 
1.86 

1.25 

1.30 

1.46 

1.34 

1.11 

1.21 

1.36 

1.45 
1 .58 

1.29 

1 .36 

1 .45 

1.55 

1 .67 

1 .37 

1 .23 

2 . 1 5 

1 .97 
2 . 9 0 

1 .98 

2 . 1 1 

1 .78 

2 . 1 9 

2 . 3 9 

2 . 1 1 

2 . 3 2 

1 .85 

1 .63 

0 . 9 5 

0 . 7 9 

0 . 6 6 

0 . 7 0 

0 . 8 9 

0 . 6 5 

2 . 1 7 

2 . 7 2 

2 . 9 8 

3 . 0 8 

2 . 1 9 

1.95 

1 .72 

1.25 

1.34 

1 .55 

1 .63 
1 .68 

1 .29 

1.44 

1.59 

1.67 
1.80 

1.12 

1.76 

1.54 

1.82 

1.96 

1.90 

1.38 

2 . 2 9 

2 . 6 l 

2 . 5 4 

2 . 6 4 

2 . 7 8 

2 . 4 6 

0 . 5 4 

0 . 4 2 

0 . 6 1 

0 . 7 5 

0 . 7 9 

0 . 3 9 

1.31 

1.51 

1.62 

1.66 

1.84 

1.44 

2 . 5 1 

2 . 7 9 

2 . 6 5 

2 . 9 1 

3 . 1 5 

2 . 1 5 

1.16 

1.28 

1.3b 

1.69 

1.33 
1.28 

0 . 9 0 

1.15 

1.23 

0 . 9 9 

1.35 
0 . 8 0 

0 . 5 7 

0 . 6 7 

1.17 

1.96 

0 . 4 9 

0 . 8 6 

0 . 3 5 

0 . 4 1 

0 . 3 0 

0 . 5 6 

0 . 8 2 

0 . 2 8 

1 .16 

1 .27 

1 .4 i 

1 .71 

1 .33 

1 .30 

0 . 4 5 

0 . 6 2 

0 . 7 5 

0 . 8 4 

0 . 9 1 

0 . 7 1 

0.60 

0 .89 
0.80 

0.96 

1.15 

0.95 

0.51 

0 .67 
0 .98 

1.17 

1.26 

0 .91 

0.61 

0 .72 

0 .41 

1.12 

1.14 

0 .54 

0 .26 

0.34 

0 .50 

0 .38 

0 .44 

0.25 

0 .90 

1.12 

1.45 

1.67 

1.19 

0 .88 

0 .35 

0 .64 

0.65 

0 .43 

0 .53 

0 .43 

0 . 6 7 
0 . 8 0 

0 . 8 6 

1 . 1 7 

1 .25 

0 . 9 0 

0 . 8 2 

1 .11 

1 .16 

1 .21 

1 .96 

0 . 8 0 

1 .26 

1 .45 
1 .36 

1 . 5 5 

0 . 6 1 

0 . 4 8 

0 . 2 7 
0 . 6 4 

0 . 4 4 

0 . 5 3 

0 . 6 9 

0 . 2 6 

0 . 7 1 

0 . 4 5 

0 . 5 6 

0 . 6 7 

0 . 7 1 

0 . 5 9 

0 . 1 6 

0 . 1 9 

0 . 2 1 

0 . 2 6 

0 . 2 5 

0 . 1 9 



T a b l e 21 : E f f e c t of jH of t h e medium on t h e p r o d u c t i o n of r h i z o i d s / r o o t s of o r c h i d s i n s j a b i o t i c c o n d i ­
t i o n s a f t e r 150 days 

^ , ^ ^ • B'ungal 
Orch id s p e c i e s g p e J i e s 

Average number and a r e a of r h i z o i d s / r o o t s (mm )̂ 

3 .0 

Mo. a r e a 

4 .0 5.0 6.0 7.0 

No. a r e a , 
L 

No. a r e a ; No. 

8.0 10 .0 

a r e a ; Wo. a r e a ; 
i_ 

No. a rea} No. a r e a 

C» e l e g a n s 

Cm giganteum 

-T. a l b a 

KH 15 10.15 0.12 
RH 36 8.54 0.17 
RH 54 8.95 0.21 
RA 20 9.66 0.25 
RA 40 10.25 0 .20 

Cont ro l 7.67 0,15 

RH 15 12.00 0.26 
RH 36 14.00 0.35 
RH 54 13.96 0.40 

RA 20 12.45 0.25 
RA 40 15.00 0.36 

Cont ro l 11.15 0 .20 

1.65 0.23 
1.48 0.26 

1.60 0.37 
1.77 0 .48 

RH 15 
RH 36 
RH 54 
RA 20 
RA 40 
Cofntrol 

2 .07 0 .59 
1.44 0.46 

10.00 0.21 

12.25 0 .26 
13.65 0.22 
10.60 0 .19 

11.66 0.30 

8.65 0.25 

10.65 0 .54 
9.28 0 .63 

11.65 1.15 
10.29 1.36 

8.65 1.23 
8.85 0 .50 

1.82 0.25 
2 . 0 0 0.36 
1.75 0.41 
1.86 0 .54 
2.16 0 ,50 
1.54 0 .18 

12.45 0 .35 
13.64 0 .41 
14.00 0 .45 
13.45 0 . 4 0 
14.55 0 . 3 9 
10.82 0 . 2 9 

11.45 0 .82 
9.40 0 . 7 9 
7.76 1.22 
8 .00 1.56 

10.64 1.30 
9.96 0 . 7 8 

1.76 0 . 5 3 
1.50 0 .74 
2 .35 0 .45 
2 .25 0 .53 
2 .11 0 .64 
2 .14 0 .32 

9 .62 0.06 
7 .54 0.16 

8 .63 0.23 
9 .25 0 .24 

10.69 0.20 
9 .64 0.12 

7 .95 0.65 
7 .62 0.49 
8 .11 0.86 
8 .25 1.13 
7 .00 1.25 
6 .66 0.25 

2 .25 1.05 
2 .40 1.03 
3 .17 0.94 
2 . 2 9 1.15 
2 .30 0.82 

2 .17 1.14 

8.23 0 .09 
7.65 0 .08 
8.89 0 .06 

10.00 0 .05 
11.00 0 .12 

8.65 0 .04 

10.00 0 .89 
8.49 1.05 
7.32 0 .54 
9.64 1.23 
7.45 1.00 
7.35 0 .24 

1.61 0 .35 
1.78 0 .46 

1.22 0 .49 

1.45 0 .55 
1.67 0 .38 
1.28 0 .32 

5.17 COS 
6.65 0.06 
7.92 0.07 
7.68 C,i2 
8.45 0.15 
5.15 C.09 

7.75 0.32 
8.89 0.45 
7.76 0.55 
8.25 0.61 
8.00 0.49 
5.45 0.32 

1.32 0.23 
1.45 0.40 
1.63 0.56 
1.22 0.50 
1.54 0.62 

5 . 2 5 0 .009 
5 . 1 7 0 . 0 1 
6 . 2 2 0 . 0 4 
6 . 0 0 0 . 0 2 
7 . 0 0 0 .05 
6 . 0 0 0 . 0 3 

6 . 3 2 0 .14 
7 . 4 6 0 .25 
5 . 4 9 0 . 3 6 
8 .85 0 .41 
6 . 9 9 0 .35 
4 . 4 4 0 . 3 4 

0 . 7 8 0 . 1 2 
0 . 9 5 0 . 0 9 
1.05 0 .15 
0 . 8 2 0 . 1 7 
1.22 0 . 2 3 

1.27 0.28 0 .95 0 . 14 



P l a t e 11 I Symbiotic seedling growth of C* £ig^^:teum 

(Fig. l ) , T. alba (Fig, 2) ajad C, eleeans 

(Fig . 3) , at diffv^rent pH levels of the 

mediiim. 
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at pH 3.0 using RA40| at pH 4.0 losing RA20j at pH 5.0 using 

RH15, RH54 and at pH 6.0 iising RH36 strains (Fig. 19). On 

the other hand, the growth index was higher at pH 5*0 and 5.0 

with all the symbionts in case of C. ĝ î anteum (Fig. 20). 

T. aLbg showed better growth index at pH 4.0 with RH36 and 

RA2O1 at pH 5.0 with RH54 and RA40 aPd at pH 6.0 with RHl5, 

than the other pH values (Fig. 21). Significant variations 

were observed at ^% level between various iH values and at 5% 

level between different fungal endophytes in relation to the 

growth index in all the species except C. elegans. 

The average area of seedlings/piantlets was 

enhanced within the xH range of 4.0 - 6.0 but it decreased 

above pH 8,0 in all the cases, lising different fungal 

isolates (Table 19). The area of seedlings/plantlets was 

statistically significant at 5% level between different ^ 

values and different fungal isolates. 

The highest production of leaf primordia/leaves 

occurred at pH 4.0, 5.0 and 6.0 in C. elegans, C. B^tRaptemi 

^'^ Z* gJ-ba. respectively with all the endophytes while, 

minimum was recorded at 10,0 pH (Table 20). 

The average number and area of rhizoids/roots 

was higher at pH 5.0 and 6.0 in C, elegans and T. qlba« 

respectively with all the mycorrhizal fungi. The number 

and area of rhizoids/roots were maximum at pH 3*0 and 5.0, 
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respec t ive ly in case of C. ^ig^^i^SS ^^ ^^ ^^^ fungal 

symbionts (Table 21) . 

3) Effect of l i gh t 

a) Effect of l i g h t i n t ens i t y 

Seed germination and subsequent seedling 

growth under d i f fe ren t l i g h t i n t e n s i t i e s var ied with d i f ferent 

mycorrhizal fungi (Plate 12, F i g s . 22-24). The percentage of 

seed germination in C. elegans^ was maximuim a t 1500 Lux l i g h t 

using RH36, RH54 i so l a t e s and a t 5000 lux l i g h t using fyil5. 

However, with RA20 and RA40, highest seed germination was 

recorded under dark conditions in C. e le^ans . The same fimgal 

s t r a i n s RA20 and RA40 exhibited be t te r seed germination at 1500 

lux l i g h t i n t e n s i t y in case of C. ^ i^^ teum (Figs . 22 and 23) • 

Thunic^ ^alba, however, sho\<ed s ign i f i can t ly higher germination 

of seeds in the dark than in the l i gh t conditions with a l l the 

fungal endophytes ^Fig. 24) . S t a t i s t i c a l l y s ign i f i can t v a r i a ­

t ions were obtained at ^% l eve l between d i f fe ren t l i g h t in ten­

s i t i e s and fungal i so l a t e s in r e l a t i o n to the seed germination. 

Seedling growth also differed in d i f ferent l i g h t i n t e n s i t i e s 

i n a l l tha species (Figs . 22-24, Table 22) . The higher growth 

index was recorded \jsing RH36,RH54 and RA20 a t 1500 lux l i g h t 

and using RH15 and RA40 at 3000 IIAX l i g h t i n t e n s i t y . On the 

o ther hand, uninoculated seedlings had more growth index under 

1500 lux l i g h t in t ens i ty in C. elegans (Fig*. 22) . The growth 

index was higher a t 1500 lux l i g h t than the other l i g h t 

file:///jsing


Fig« 22 s Symbiotic seed germination (%) and 

seedling gro-wth index of .Cffl.bidium 

_al_eg^as, a t d i f ferent l i gh t 

i n t e n s i t i e s . 
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F i g . 23 '• Symbiotic seed germination and seedling 

growth index of ^^gbid^jm gj^^s^t&m, a t 

d i f ferent Light i n t e n s i t i e s . 
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F i g , 24 : Symbiotic seed germination ^%) and 

seedling growth, index of Thunia 

alba, at d i f fe ren t l i g h t i n t e n s i t i e s . 
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Table 22 : Effect of light intensities on the growth of seedlings/ 

plantlets of orchids in symbiotic conditions after 150 

days 

Orchid species 

C. elegans 

C. KiRanteiom 

/' 

\ 

T. alba 

Fungal 
isolates 

RH 15 

RH 36 

RH 54 

RA 20 

RA 40 

Control 

RH 15 

RH 36 

HH 54 

RA 20 

RA 40 

Control 

RH 15 

RH 36 

RH 54 

RA 20 

RA 40 

Control 

Average area of seedlings/plantlets(mm^) 

1500 lux 1 

4.55 

3.67 

5.55 
6.78 

, 5.53 
2.64 

8.76 

9.55 

10.65 

12.55 

11.69 
9.54 

8.76 

6.77 

5.95 

9.76 

10.54 

5.99 

3000 lux 

2.95 

2.69 

3.79 

4.51 

3.77 

1.36 

13.45 
16.78 

15.55 

18.67 

17.55 

13.57 

10.17 

12.15 

11.16 

9.89 

13.15 

7.66 

{ 5000 lux 

1.35 

1.17 

2.61 

2.24 

2.35 

1.12 

6.75 

5.55 

7.12 

10. i4 

12.96 

7.93 

7.45 

9.17 

10.26 

12.14 

11.76 

6.16 

1 0 lux 

0.96 

0.79 

1.45 

2.00 

1.11 
1.00 

4.36 

5.17 
4.54 

6.95 

5.77 

3.53 

2.15 

3.63 

4.75 

7.92 

3.11 

2.15 



Table 23 i Effect of l i g h t i n t e n s i t i e s on t he production of l ea f primordia/ leaves of orchids i n 
symbiotic condit ions af ter 150 days 

Orchid species Fungal 
i s o l a t e s 

Average number and a rea of leaf pr imordia/ leaves (E^^) 

TT57 
I5QO lux 3000 lux 3000 lux 0 lux 

area No. a r ea No. a r ea M O . area 

C. elegans 

C. giganteum 

T. alba 

RH 15 

RH 36 

KH 54 
RA 20 

RA 40 

Control 

RH 15 

RH 36 

RH 54 

RA 20 

RA 40 

Control 

RH 15 
RH 36 

RH 54 

RA 20 

RA 40 

Control 

1.95 
2.00 

2.15 

2.25 

2.31 

1.87 

1.15 

1.21 

1.36 

1.41 

1.27 
1.16 

1.15 
1.21 

1.67 
1.54 

1.84 

1.13 

1.15 
1.26 

1.31 
1.44 

2.05 

1.29 

0.95 

0.87 
0.96 

1.25 

1.31 
0.96 

0.89 

0.95 

1.05 

0.79 

1.15 

0.95 

1.35 
1.41 

1.30 

1.44 

1.61 

1.51 

1.76 

1.85 

1.75 

2.66 

2.54 

1.49 

2.05 
2.16 

1.95 
2.32 

2.45 

1.65 

0.65 

0.75 
0.81 

0.99 

0.75 

0.47 

1.55 

1.63 

1.77 

1.85 
1.90 

1.61 

2.65 
1.98 

2.12 

2.96 

2.75 

1.85 

0.96 

0.75 

0.92 

1.12 

1.25 

0.85 

1.21 

1.25 
1.00 

1.45 

1.67 
1.11 

1.35 
1.38 

1.75 

1.83 
1.96 

1.24 

0.26 

0.35 
0.41 

0.51 
0.44 

0.28 

1.24 

1.35 
1.41 

1.69 

1.35 

1.19 

1.22 

1.35 

1.41 

1.6l 

1.70 

1.55 

0.54 

C-.61 

o.ei 
C.96 

C.87 

C.71 

0.46 

0.51 

0.65 

0.77 
C.83 

0.57 

C.65 

1.12 

1.25 
0.96 

1.31 
1.00 

0.12 

0.15 

0.21 

0.23 

0.27 

0.20 

0.23 
0.46 

0.53 
0.61 
0.78 

0.35 

0.23 
0.44 

0.51 

0.65 
0.72 
0.24 
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P l a t e 12 : Symbiotic seedling gro-wtti of C. ^jE'^^eum 

(Fig. 1), T. alba (Fig . 2) and C. elegans 

(Fig . 3)j. at diff-^rent l i g h t i n t e n s i t i e s . 
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i n t e n s i t i e s in case of C. ^i^anteum using a l l the fungal 

symbionts (Fig. 23) . T. al̂ b̂ a exhibited the higher growth 

index using RHl5 and RH36 under 1500 lux l i g h t and using RH54, 

RA20 and RA40 under 3OOO lux l i g h t i n t e n s i t y . I t was the 

lowest in the dark conditions (Fig. 24) . S ign i f ican t ly 

d i f fe ren t growth index was found a t V/o level between d i f ferent 

l i g h t i n t e n s i t i e s though, the difference between fungal 

i s o l a t e s was not s i gn i f i can t i n a l l the cases . The average 

area o f seed l ings /p lan t l e t s was s i gn i f i c an t l y more under 1500 

lux and '3000 lux l i g h t i n t e n s i t i e s in _C. ^e^^jS and 

C. ŝSaĵ "̂ eum» respec t ive ly with a l l the mycorrhizal fungi* 

T. ^p^^ showed comparatively higher area of s^edl ings /p lant -

l e t s a t 3000 lux and 5000 lux l i g h t than the other l i g h t 

i n t e n s i t i e s (Table 22) . The s ign i f i can t var ia t ions were 

obtained at V^ and 5% l eve ls between d i f fe ren t l i g h t i n t e n s i ­

t i e s and raycorrhizal fungi respect ive ly in r e l a t i o n to the 

area of s e e d l i n g s / p l a n t l e t s . 

The formation and development of leaves and roots 

also differed a t various l i g h t i n t e n s i t i e s . The maximum 

average number and area of leaf primordia/leaves were noticed 

under 1500 lux and 3000 lux l i g h t i n t e n s i t i e s in C. ele^ans, 

and in C. ^igaj^eum, T. alba, respec t ive ly by a l l the fungal 

endophytes. While, minimvmi number and area of leaf primordia/ 

leaves was noticed in thfe dark (Table 23) • 
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Similar ly , average number and area of rh izo ids / roo ts 

were also highest in 1500 lux and 3000 lux l i gh t i n t e n s i t i e s in 

case of C. e l^e^is and T, ^^ba, respec t ive ly for a l l the f ive 

fungal syinbionts. However, C* g^i^antem exhibited maximum 

production of rhizo i d s / r o o t s using RH54, RA20 and RAAO under 

1500 lux and using RH36 and RHl5 i n 3000 lux l i g h t i n t e n s i t i e s 

(Table 24) . 

^^ Effect of l i ^ h t .quali ty 

The effect of l i g h t qua l i ty on seed germination and 

subsequent seedling growth of orchids with d i f ferent fungal 

symbionts var ied (Plate 13, F i g s . 25-27). The higher seed 

germination i n C. ele,^ans_ was noted using RH36 and RH54 s t r a i n s 

under red l igh t? RA20 i n green l i gh t and RH15 and RA40 endo-

phiTtes i n the dark conditions (Fig. 25) . In case of 

£* ^ i^J^JdE* i^ing RH36 and RA20 showed s ign i f i can t ly be t te r 

seed germination under red l i gh t than the other l i gh t of other 

co lours . 

The seed germination in £• gi^anteum was enhanced 

using RA.40 i n green l i g h t and using RH15, RH54 i n white l i g h t 

(F ig . 26) . Whereas, g. al,ba exhibited comparatively be t t e r 

seed germination i n the blue and red l i g h t conditions with a l l 

the mycorrhizal fungi than the l i gh t of other colours (Fig . 27). 

S ign i f i can t ly var ia t ions were found at 5% l eve l i n case of 

S* ele^ans and at ^% level i n C. g;if!;ante\jm and T. alba i n 



Fig» 25 '• Symbiotic seed germination Wo) and 

seedling growth index of C;i3Sfeidiuin 

eLe^ans, under l i g h t of d i f fe ren t 

q u a l i t i e s . 
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F i g . 26 I Symbiotic seed germination (%) and 

seedling grovrfch index of Cymbidiiim 

^i^airteum, under l i g h t of d i f ferent 

q u a l i t i e s . 
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F i g . 27 .• Symbiotic seed ^ 
germination. (%) and s.>edling 

growth index Of ^ n i a ^ b a , under l:.ght 

of d i f ferent qua l i t i e s > 
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Table 2(> : Effect of light quali t ies on the growth of seedlings/ 
plant le ts of orchids in symbiotic conditions after 
150 days 

Orchid species 

C. elegans 

C. ̂ iganteutn 

T. alba 

Fungal 
isolates 

Ra ID 

Rri 36 

KH 54 

RA 20 

KA 40 

Control 

RH 15 
RH 36 

RH 54 

RA 20 

RA 40 

Conxrol 

RH 15 

RH 36 

RH 54 

RA 20 

RA 40 

Control 

Average area 

red 1 
_., „.,. 1 

2.32 

2.b^ 

5.76 

3.92 

2.71 

3.17 

4.17 
4.92 

5.69 
12.26 

9.48 

8.99 

5.29 

4.36 

11.63 

9.96 

7.65 

9.45 

! green 
r 

3.19 

2.65 

4.74 

7.18 

5.63 

6.63 

7.49 
8.88 

12.25 
10.00 

15.95 

10.96 

13.14 

6.92 

12.12 

8.88 

10.62 

11.17 

of seedlings/plantlets 
(imn2) , 

1 blue 1 

1.97 
2.00 

3.62 

2.65 
3.18 

3.00 

4.42 

5.95 

7.47 
8.67 
6.66 

7.00 

9.53 

4.69 

6.55 

4.17 

5.79 

6.74 

white 

2.86 

4.45 

6.72 

3.29 

4.11 

4.12 

15.54 

10.15 

18.88 

16.66 

8.95 

14.74 

7.62 

4.57 

6.69 

9.26 

12.29 
8.98 

1 
• . dark 
1 

1.42 

1.29 

1.33 

1.76 

2.15 

1.85 

1.48 

1.59 

1.74 

2.26 

2.60 

2.05 

3.29 

2.11 

4.22 

'5.38 

2.68 

3.19 



l o 

(0 

S" ? ? £ £ 

o 

O P3 
o > g o ?o 

4> M »J1 VJ4 -» 
O O -P- CT* VJ1 

O - • O 

-» -P- l\J VO -» -<l 
M -,3 Ch 4> U i - J 

O O O O 

o 

—:> 

4?-
O 

I\> 

^3 

o 

ro 
o o 

4> 

rv> 

- A 

_ k 

-P-

U1 

_» 

IN3 

o 

l o 

ca 

-P-
O 

ro vji v>i -» 
o -P- cr> vji 

t\) W 

ro 

cr» vD vji -A ^ji 4> 
- J VJl CTs -"O Ul Ô  

O O O O O O 

a\ ro cr> 00 u i p-
cn cTi -^ o -o -o 

-* v>j o VJ1 ^ ro 
v>i CO -va 4> cr> 4> 

Ol VD CO Ul p- VJJ 
4> ^ ~ j j > u i c^ 

v j j f u f v j v j j r o - i r o r o r o r o - * - > - » r o r o r \ j r o 
->3 VD 'OJ CD ro N3 
o vji cr\ -» o vji 

o -» -» _» o o 
VJI - ^ 4> vji o^ vji 
4> VD ->3 U l ->3 Cr> 

^ 

00 .-^ vo CJN p|; ro 

-<l VJI 

_ k —» _» 

ro 
v;i 

> A 

-P-

- A 

V>l 

ro 

-^ 

OS 

ro 

ro <T> - » j > 
V>J ^ - » 00 

ro -» -» -* 

vD vji ro VJl 

ro o -» o 

4> V>J -» Vjl _> CTv 
vo ro VJl vji 4> p~ 

o o o o o ro -» o 
O -«J O VO (\J 00 
o vo o ' ^ o cr> 

o o o o 

->3 -P" -<I VD -* 00 
ro VJJ cy\ 4> Vol CT 

OS 00 vo -» ro 00 
VJJ p- rv> ->3 rv) P~ 

o o o o o o o o o 
- J -» VD -«a CTi VJl 
o ro ro vo vx co 

-o i\j -» vo <T> vo 
00 j> vo o -<i ro ->4 p~ cr> VJl p- ro 

CD VJl VJ4 VD Ô  -» 
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Table 27 i 

Orch id spe< 

C. e l egans 

• 

Ef fec t of l i g h t q u a l i t i e 
cond i t i ons a f t e r 150 

Dies 

C. Aip;antei:im 

T . a l b a 

• 

Fungal 
i s o l a t e s 

RH 15 
RH 35 
RH 54 
RA 20 
RA 40 
Control 

RH 15 
RH 36 
RH 54 
RA 20 

RA 40 

Control 

RH 15 
RH 36 
RH 54 
RA 20 
RA 40 
Control 

No. 

7.92 

11.25 
8,45 
9.67 
9.41 

7.67 

13.17 
9.45 
8.65 

10,17 

12.15 
8.88 

1.78 
1.82 
1.96 

2.65 
1.88 

1.47 

s on t h e p r o d u c t i o n of 
days 

-

Average nxjmber and 

r e d 

a r e a 

0 .09 
0.07 
0.12 
0.21 

0.25 
0.11 

0.13 
0.19 
0.23 
0.35 

0.19 
0.12 

0.19 
0.26 

0,k5 
0.56 

0.61 

0.35 

a rea of 
1 

1 green 
j ! No. 

9.67 
8.88 

9.77 
10.16 

12.25 
9.45 

10.17 
12.25 
13.16 

15.17 
12.20 

9.79 

2.17 
2.45 
2.66 

2.32 

2.17 
1.85 

area 

0.19 
0.22 

0.17 
0.24 
0.26 

0.29 

0.36 
0.44 

0.67 
1.12 
1.00 
0.66 

1.14 

0.99 

1.63 
1.45 
1.13 
1.00 

r h i z o i d s / r oo t s o f orchids in s j m b i o t i c 

r h i z o i d s / r o o t s 

1 blue 
j , 
1 No. 
1 

5.63 
4 .92 
8.26 

7.75 
9.79 
5.62 

7.45 
8.92 
9.90 

10.35 

11.17 
9.00 

1.45 
0.96 

• 1.29 
1.40 

1.63 
0.65 

a r e a 

0.06 

0.12 
0.15 
0.07 
0.09 
O.OA 

0.71 
0.54 

0.67 
0.92 
0.86 
0.60 

0.56 
0.54 

0.79 
0.84 
0.96 

0.75 

(min^) 

J white 1 da rk 
i t 

! No. 
4__ 

8.74 

7.45 
9.46 

10.15 
12.14 
5.44 

10.12 
12.12 
11.10 

14.16 

14.65 
8.45 

1.50 

1.75 
1.67 
1.95 
1.78 

1.22 

area { No. 

0.0= 7.72 

0.12 8.92 
0.15 9.67 
O.ll 11.25 
0.09 13.95 
0.14 7.97 

1.21 9.65 
1.15 12,20 

0 . ^ 10.17 
1.25 13.65 
0.95 14.90 

0.85 10.17 

0.66 1.47 

1.15 1.35 
0.77 1.78 

1.25 1.95 
1.64 1.63 
0.54 1.44 

a r e a 

0,01 

0.04 

0,03 
0,05 
0.07 
0,02 

0.08 

0.09 
0.14 
0,13 
0,07 
0,08 

0,06 
0.05 
0 ,04 
0 ,08 
0,06 

0.05 



P l a t e 13 : Symbiotic seedling gro-wth of C. ^i^saiteum 

(F ig . ^), T. ,alba (Fig . 2) and C. ele^ans 

(Fig. 3) , under l i g h t of d i f ferent 

q u a l i t i e s . 
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relation to the seed germination'. 

Growth index in C. elegans was increased under green 

and white light with RHl5, RA20, RAAO and with RH36, RH54 

isolates, respectively (Fig* 25)• On the other hanl, mycorrhi-

zal f̂ -ingi promoted growth index in the red, green and white 

light conditions in case of C, ^igqnteum (Fig. 26). The growth 

index was significantly higher in the red and greoi'light than 

the light of other colours using all the fungal symbionts in 

Z* a-kba* The controls, in this case, however, showed the 

maximum growth indices in the green and white light in all the 

species (Figs* 25-27). The growth index was significantly 

different at 5% level between fungal isolates and light 

qualities in all the cases. 

The average area of seedlings/piantlets also 

differed with light of different colours (Table 25). The 

higher average area of seedlings/plantlets was recorded under 

the green and white light in all the species (Table 25). 

The average number and area of leaf primordia/leaves 

recorded were maximum and minimum under the green light and 

dark conditions, respectively with all the fungal symbionts in 

all the species (Table 26). Likewise, average number and area 

of rhizoids/roots were also higher in the green light than the 

light of other colours in C. ele^gns and T. ̂ Ibg. 

C. gjganteum exhibited the highest production of rhizoids/ 
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roo t s under the -white l i g h t condition (Table 27) . 

o) Ef:Ceqt ,fl,f ^bo.tojje.rJbc^ 

The results showed that the percentage of seed 

germination and subsequent seedling development of orchids in 

aj/mbiotic conditions varied in different photoperiods (Plate 

^^•p Figs. 28-30). The seed germination in C. elegans 

increased iising RHi5 and RA40 londer 8 hrj RA20 under 12 hr; 

RH36 under 20 hr and RH54 under 24 hr photoperiods (Fig. 28). 

In case of C, giganteum, 8 and 12 hr photoperiods showed 

significantly better seed germination than the other photo­

periods (Fig. 29) • Thunia alba showed the best seed germina­

tion in 8 hr photoperiod with all the mycorrhizal fungi 

(Fig. 30), The germination decreased at 24 hr photoperiod in 

all 1 .e species (Figs. 2? •30), Significant variations were 

obtained between different photoperiods and mycorrhizal fiongl 

in j.'ti.,.j,c;̂uii -co the seed germination in all the cases. 

Seedling growth also differed at different photo­

periods. The maximum growth index was noted under 12 hr 

photoperiod by all the fungal symbionts in all the species 

while, the minimi:im was recorded in 24 hr photoperiod (Figs. 

28-30), The average area of seedlings/plantlets in C. elegans 

was higher using RH36, RA20 and RA40 in 8 hr; RH15 in 12 hr, 

and RH54 in 16 hr photoperiods. C. gigantex:im showed signifi­

cantly more area of seedlings/plantlets under 8 and 12 hr 



F i g . 28 ; Symbiotic seed germination i%) and seedling 

groA îth index of Cfftibidjjam ele^ans under 

d i f ferent photoperiods. 
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Fig . 29 : Symbiotic seed germination {%) and seedling 

gro-wtli index of £^bidium ^i^a^eum, under 

d i f ferent pbotoperiods. 
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Fig» 30 s Symbiotic seed germination i.%) and seedling-

growth index of Thunia . ^^a , under d i f fe r en": 

photo per iods . 
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Table 28 ; Effect of photoperiods on the growth of seedlings/ 
plant lets of orchids in symbiotic conditions after 
150 days 

Orchid species 

C. elevens 

C. Kiganteiffli 

T. alba 

-

Fungal 
i s o l a t e s 

RH 15 
RH 36 
RH 54 
RA 20 

RA 40 

Control 

RH 15 
RH 36 

RH 54 
RA 20 

RA 40 

Control 

RH 15 
RH 36 

RH 54 
RA 20 

KA 40 

Control 

Average area 

8 hr 

5.69 
12.00 
7.42 

15.22 
10.00 
3.49 

5.00 

8.17 
10.50 
18.92 
13.66 
5.29 

3.79 
5.96 
8.67 

12.22 
19.22 
10.95 

I 12 hr 
• 

9.42 
7.46 

10.80 
12.00 
8.46 
4.64 

6.42 
12.19 
14.22 
15.76 
7.92 
4.98 

5.64 
4.79 
7.99 
8.92 

13.22 
9.97 

of seed l ings /p lan t l e t s 
(fflm2) 
1 

1 16 hr 

. 6.49 
10.00 
12.16 
8.99 
9.43 
2.45 

3.65 
7.96 

13.62 
9.96 

10,00 
3.66 

5.11 
10.24 
9.64 

11.62 
12.22 
6.11 

i 20 hr ! 
r 1 t 

1.95 
5.66 
2.56 
9.44 
6.22 
1.66 

•2.23 
3.65 
5.79 
8.43 
3.95 
3.75 

4.22 
9.23 
5.99 
7.65 

11.15 
4.76 

24 hr 

2.00 
1.65 
2.32 
5.49 

' 6.92 
1.13 

1.98 
2.17 
1.80 

2.79 
1.82 
2.00 

2.26 
3.65 
5.96 
8.92 
4.32 
3.90 



Table 29 I Effect of photoperiods on the production of leaf primordia/leaves of orchids in symbio­
t i c conditions after 150 days 

Or 

C. 

C . 

T . 

c h i d s p e c i e s 

e le j^ans 
• 

Kiganteum 

a l b a 

F u n g a l 
s p e c i e s 

RH 15 

RH 36 

RH 54 

RA 20 

RA 4 0 

C o n t r o l 

RH 15 

RH 36 

HH 54 

RA 20 

RA 40 

C o n t r o l 

RH 15 

RH 36 

RH 54 

RA 20 

RA 40 

C b n t r o l 

8 

No . 

1 .00 

2 . 1 7 

1.15 

2 . 6 5 
2 . 0 0 

1.70 

1.45 

1.67 
2 . 0 0 

2 . 3 5 

2 . 6 6 

n 6 6 

2 . 1 4 

1.92 

1.96 

2 . 2 5 

1.95 

1 .59 

Ave rage number 

h r 

a r e a 

0 . 2 4 

0 . 7 9 
0 . 6 0 

1.12 

1.05 

0 . 5 4 

1.26 

1.44 

1.36 

1.49 

1.95 
1.48 

> 3 . 0 6 

' 1.25 

1 .49 
2 . 0 0 

1.55 
1.50 

4—^ 
; No . 
1 . 

2 . 1 1 

1 .70 

2 . 5 0 

1 .82 

2 . 5 7 
1 .88 

2 . 0 0 

2 . 1 5 

1 .00 

1.65 

1 .32 

1 .29 

1 .60 

1 .89 

1 .70 

2 . 5 6 

2 . 6 9 

1.86 

' a n d a r e a of l e a f p r i m o r d i a / l e a v e s (mni2) 

h r 

a r e a 

0 . 5 3 

0 . 6 4 

0 . 7 8 

0 . 8 3 

0 . 9 5 
0 . 8 0 

1.81 

1.06 

1 .07 

0 . 9 8 

1 .69 

1.51 

1 .53 
1 .80 

1.75 

1.96 

1.90 

1 .40 

4-_:!^ 
; No . 

1.76 

1.54 

1.38 

2 . 7 5 

1.35 

1.57 

1.15 

1.32 

1 .49 

1 .58 

1 .67 

1.25 

1.96 

2 . 4 5 

1.64 

2 . 5 9 

2 . 1 5 

1 .79 

h r 

a r e a 

0 . 4 0 

0 . 8 6 

0 . 6 6 

1.08 

1.25 

0 . 6 7 

0 . 9 5 

1.12 

1.22 

1.36 

1.45 

1 .19 

2 . 0 0 

2 . 1 5 

1.70 

2 . 5 9 

3 . 1 5 

1 .70 

_j 20 

1 No. 
- 1 

0 . 8 6 

1.25 
1.00 

0 . 9 9 

0 . 8 9 
1.10 

0 . 7 8 

0 . 8 0 

0 . 8 6 

1.18 

1.10 

0 . 5 6 

1.48 

1.56 

1.32 

1.50 

1.69 

1.32 

hr 

a r e a 

0 .26 

0 .33 

0 .57 
0 .46 

0 .50 

0 .44 

1.17 

1.32 
1.20 

1.29 

1.53 

1.29 

0 .94 

0 .45 
0 .37 

0 .30 

0 .46 

0 .47 

j 24 

1 Ko. 
f 

C.75 
0.48 

0.56 

C.91 
0.78 

0.50 

0.56 

0.61 

0.71 
0.80 

0.91 

0 .59 

1.18 

1.25 

1.33 

1.59 
1.00 

1.20 

h r 

a r e a 

0 . 1 7 

0 . 2 5 

0 . 4 7 

0 . 6 0 

0 . 7 1 
0 . 3 0 

0 . 4 8 

0 . 7 6 

0 . 8 1 

0 . 4 9 

0 . 5 5 
0 . 4 8 

0 . 2 0 

0 . 4 0 

0 . 3 5 

0 . 2 7 

0 . 1 9 

0 . 2 2 



Table 30 : Effect of photoperiods on the production of rhizoids/roots of orchids in sjabiotic 
conditions after 150 days 

Orchid species 
Fungal 
i so la tes 

Average number and area of rhizoids/roots (mm )̂ 

8 hr 

No. area 

12 hr 16 hr 20 hr 

No. area No. area Ko. area 

24 hr 

No. area 

RH 15 

RH 36 

RH 54 
C. e l e ^ a n s j ^ ^ ^0 

RA 40 

C o n t r o l 

RH 15 

RH 36 

RH 54 
C. pripjanteum j ^ ^ 20 

RA 4 0 

C o n t r o l 

RH 15 

RH 36 

RH 54 

RA 20 

RA 40 

C o n t r o l 

6 . 7 9 

8 . 4 9 

1 0 . 2 2 

7 . 9 8 

9 . 6 7 

6 . 9 2 

7 - 4 2 

1 0 . 9 2 

1 0 . 0 0 

1 3 . 1 5 

8 . 4 5 

9 . 6 6 

1.10 

1.25 
2 . 0 0 

1.35 

1 .49 

1.04 

0 . 1 8 

0 . 2 1 

0 . 1 9 
0 . 2 0 

0 . 1 5 

0 . 1 2 

0 . 1 7 

0 . 3 5 
1.00 

1.25 

0 . 2 2 

0 . 1 8 

0 . 2 1 

0 . 4 5 

0 . 6 1 

0 . 3 2 

0 . 4 9 

0 . 2 5 

9 . 4 2 

5 . 3 2 

4 . 4 6 

8 . 5 5 

4 . 4 9 

7 . 9 8 

5 . 7 2 

6 . 4 5 

9 . 6 7 
1 1 . 0 0 

7 . 8 4 

6 . 2 2 

2 . 1 5 

1.25 

1.32 

1.41 

2 . 6 5 

1.21 

0 .26 

0 .31 

' 0 . 1 5 

0 . 1 8 

0 .16 

0 . 1 0 

0 . 5 6 ' 

0 . 2 8 

0 . 9 6 

1.05 

1.22 

0 . 3 4 

0 . 1 6 

0 . 1 4 

0 .25 

0 . 6 4 

0 . 8 8 

0 . 1 9 

8 . 1 9 

3 . 4 5 

1 1 . 3 9 

1 3 . 2 2 

10 .26 

5 . 1 1 

4 . 9 5 
3 . 8 6 

6 . 9 2 

8 . 7 5 

6 . 2 2 

4 . 9 6 

1.16 

1.25 

2 . 1 9 

1.06 

1.54 

1.82 

0 . 0 9 

0 . 1 1 

0 . 0 8 

0 . 1 7 

0 . 0 6 

0 . 0 4 

0 . 6 2 

0 . 3 3 

1.23 

0 . 9 5 

0 . 6 5 

0 . 3 0 

0 . 2 6 

0 . 4 5 

0 . 3 0 

0 . 6 5 

0 . 4 9 

0 . 3 3 

3 . 1 0 

8 . 1 2 

7 . 0 0 

4 . 2 2 

5 . 9 2 

5 . 7 5 

2 . 7 9 

6 . 4 5 

8 . 9 6 

7 . 2 7 

5 . 8 2 

3 . 3 3 

1 .00 

1 .25 
1 . 6 8 

1 . 2 8 

1 . 3 2 

1 .11 

0 .02 

0 .14 

0 .09 

0 .16 

0.15 

0 .02 

0 .47 

0 .15 

0 .65 

0 .74 

0 .4S 

0 .21 

0 .20 

0 .14 

0.25 
0 .40 

0 .29 
0 .20 

2 . 2 9 

1.96 

7 . 2 2 

8 .91 

9 .55 
3 . 4 8 

1.54 

2 . 9 6 

3 . 8 2 

4 . 9 6 

5 . 0 0 

2 . 9 6 

0 . 6 6 

0 . 9 6 

1.29 
1.00 

0 . 8 8 

0 . 8 0 

0 . 1 3 

0 . 0 7 

0 . 0 2 

0 . 0 9 

0 . 1 5 

0 . 0 6 

0 . 1 5 

0 . 3 2 

0 . 4 1 

0 . 1 3 
0 . 2 0 

0 . 2 5 

0 . 1 4 

0 . 2 0 

0 . 3 5 
0 , 1 1 

0 . 1 5 

0 . 1 9 



P l a t e 14 '' Symbiotic seedling growth of C. ^ i ^^ t eum 

(Fig, 1), T. alba (Fig. 2) and C. glegans 

(Fig. 3)9 under d i f ferent photoperiods. 
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photoperiods than the other photoperiods (Table 28), Signifi­

cantly higher area of seedlings/plazitlets in T. albg was 

observed at 8 hr photoperiod u^ing. RA40 followed by RA20, 

RH15 at 12 hr, RH36 and RH54 at 16 hr photoperiods (Table 28). 

Statistically significant variations were obtained in relation 

to the seedling growth at ^% level between different photo­

periods and 5% level between fimgal isolates, in all the three 

species. 

Significantly, inore leaf primordia/leaves in 

£• ̂ § ^ ^ "Were produced using RH36 in 8 hr| RH15, RH54 and 

RA40 in 12 hr and RA20 in 16 hr photoperiods (Table 29). 

V/hereas, comparatively higher number and area of leaf 

primordia/leaves in C. gip;anteum were induced using RH54, RA20 

and RAA-0 in 8 hr, and using RH15 and RH36 in 12 hr photo­

periods (Table 29). Average number of area of leaf primordia/ 

leaves in T. ̂ J3a was better under 8 hr and 16 hr photoperiods 

than the other photoperiods with all the mycorrhizaX fungi 

(Table 29). 

The rhizoids/roots were higher in seedlings of 

£• 6l_e^ns inoculated with RH36, RH54 and RA40 in 8 hr, with 

RH15 at 12 hr and with RA20 in 16 hr photoperiods. Whereas, 

significantly more number and area of rhizoids/roots were 

produced in C. ^i^anteum using RH36, RH54 and RA40 in 8 hr 

and using RHl5 and RA20 In 12 hr photoperiods (Table 30). 
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Thunia alba exhibited the maximum number and area of r h i z o i d s / 

roo t s ^ t h RH56 a t 8 hr, with RHl5, RA20 and RA40 at 12 hr and 

•with RH54 at 16 hr photoperiod. The lov/est development of 

rh i zo ids / roo t s was seen under 12 hr photoperiod in a l l the 

oases (Table 30) . 

m • Grovrfchjiqrmqnes, £,rodtHS^AP.̂ . PX ??<Y.9P.̂ /,Mr.?î  ^W^^ P^ 

Orchic 

1) Qa&W.atixe->anajy;§as. 0^ a",Si"g| q£baya^SL.§Ba 

^ibberelJLins 

a) Auxing 

The qualitative analysis of auxins indicates 

that a total of five auxins were detected from mycorrhizal 

fungi (Table 31? Fig. 31 )• lAA, IBA, IAN and IPyA were 

detected in RH51 fungal isolate in ten days old culture 

whereas, RH46 and RH54 endophytes produced only lAA after ten 

days. RH36 isolate, however, could produce only two auxins 

at the age of sixty days (Table 31). From Fig. 31 it is 

clear that the number of auxins varied with age of the culture 

medi\jm. The higher number of auxins were detected in fungal 

extract of RH51, RH46 and RH61 endophytes than in the other 

mycorrhizal fungi (Table 31)• 

b) C;ytpkinins 

Table 32 shows that three cytokini22s were 

detected in the fungal extracts of culture medium. Kinetin 



Fig. 31 : Number of auxins, cytokinins and gibberellris 

produced by different mycorrhizal fungi of 

the orchids in pure culture. 
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Table 31 : Distribution pat tern of auxins in mycorrbizal fungi of orchids in pire culture 

Culture period (days) 

10 20 
+ 

30 60 
+ 

lAA IBA IGA IAN IP^A } lAA IBA IGA IAN IPYA { lAA IBA IGA IAN IPYA • lAA • IBA IGA IAN IPYA 
J I « — — 

RH 15 

RH 36 

RA 40 

RH 46 

RH 51 

RH 54 

RH 61 

+ 

-

+ 

+ 

+ 

+ 

+ 

- + + 

- + -

+ + + 

- + -

+ + + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

lAA = Indoleacetic acid; IBA = Indolebutyric acid; IGA = Indoleglycolic acid; lAK = Indoleacetonitrite; 

IPYA c Indolepyri2vic acid 

+ = Present 

- *= Absent. 

+ 

+ 

+ 

+ 



Table 32 : Dis t r ibu t ion pa t t e rn of cytokinins in mycorrhizal fxangi of orclaids in pixe cu l tu re 

Cultvire period (days) 
Fungal 
isolates 

RH 

RH 

RA 

RH 

HH 

15 

36 

40 

46 

51 

RH 54 

HH 61 

10 20 30 

KI 2ip UNC KI 2 ip LNC KI 2ip IKC KI 

60 

2ip LKC 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

KI » Kinet in ; IKC = Unidentified compound; 2 ip = N-6 ( - isopentenyl) adenine; 

+ = Presen t 

- « Absent 



Table 33 : Distr ibution pattern of gibberellins in mycorrhizal fimgi of orchids 
in pure culture 

Cultijre period (days) 
Fungal 
i s o l a t e s 

HH 

KH 

15 

36 

KA 40 

HH 

RH 

Kri 

KH 

46 

51 

54 

61 

10 T 20 
+ 

30 60 
+ 

GA 2,4,9 I GA 3,7 I GA 5 I GA 2,4»9l GA 3,-7 \ GA 5 ! GA 2,4,9 I GA 3,7 { GA 5 I GA 2,4,3| GA 3,7 I GA 5 
J « ! ' I I I 1 J 1 1 

+ 

+ 

+ + + + + + + + 

- - + - + + + -

+ + + + - + ' + + 

+ + + + + + + + 

+ - + + + + + + 

+ + -. + + ' - + • ( -

+ + + + + + + + 

GA = Gibberellic acid 

+ = Present 

- - Absent 
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and 2ip were detected only in the RH15 s t r a i n af te r ten days 

of c u l t u r e . While, in RA40, RH46 and RH6l no cytokinin was 

detected even upto twenty days of cul ture (Table 32), RH54 

contained 2ip and an imident i f ied compound on lOth day of 

c u l t u r e . I t i s clear t h a t number of cytokinins varied i n 

d i f fe ren t mycorrhizal fungi with d i f fe ren t ages of cul ture 

and more number of cytokinins were detected i n RH15, and RH51 

than in the other fungal i s o l a t e s . 

The qua l i t a t i ve analysis of g ibbere l l ins of 

mycorrhizal fungi indica tes t h a t a t o t a l of s i x g ibbere l l ins 

were detected (Table 33» F ig , 31)• Five GA„ were produced in 

RH15 i s o l a t e v/hereas, RH51 and RH36 showed no g ibbere l l ins in 

10 day^old cul ture (Table 33)• The number of g ibbere l l ins 

increased with fungal cu l ture-age . 

2} Quantitative, /ie^tejnnfflation ô.f .tjatal ,.aux;ins.,, ^cxtpkinins, 

and__cibberellii 

a) A.\Jxins 

The quantity of total auxins varied in different 

fungal isolates at different culture periods (Fig. 32^. The 

amount of total auxins increase with age of the fungal 

culture and maximum amount was in RH51 followed by RH61 and 

RH46 isolates. The lowest quantity was recorded in case of 

RH36 endophyte. 



Fig. 32 5 Quantity of total auxins produced by 

different mycorrhizal fungi of the 

orchids in pure culture. 
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F i g . 33 •• Quantity of t o t a l cytokinins and 

g ibbere l l ins produced by the 

d i f fe ren t mycorrhizal fungi of the 

orchids in pure cu l tu re . 
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b) Cyi:pki3ajbis 

The amoxjnt of t o t a l cytokinins a lso differed i n 

d i f fe ren t mycorrhizal fungi a t various cu l ture periods 

(Fig. 33) . The quant i ty of t o t a l cytokinina increased witti tbe 

age of the cu l t u r e . The highest amount was noticed in RH15 

foLLowed by RH51 s t r a i n . The lowest quant i ty -was obtained in 

RH46 i s o l a t e . 

c) Gibbere_ILiJis 

The quant i ty of t o t a l g ibbere l l ins was enhanced 

•with the age of the cul tures of the mycorrhizal fungi s tudied 

(Fig . 33) . The amount of t o t a l GA„ was i n i t i a l l y higher in 

RH51 i s o l a t e than in the other s i x fungal endophytes. While 

i t was maximxim in RH51 and in RH36 the amo\int was l e a s t a t the 

age of s i x t y days (Fig . 33) . 

IV • P.hp.s.PAoffls. uptake ,and Phosphat,ai;e kcti.vltjL Jn^MXQPJXhizal 

Seedlings of Orchids 

1) Phqs î̂ ^horus ufitaike 

The growth of mycorrhizal and non-mycorrhizal 

seedlings of orchids i n the earthen pots var ied with the age 

of the seedlings a t d i f f e ren t phosphate l eve l s (Table 34) . 

Be t te r dry weight of seedlings was observed a t lower and 

medixjm doses of phosphate in the mycorrhizal se t s compared to 

the non-mycorrhizal ones in both the c;ymbid_ium spec ies . 



Table 34 : 

-

Orclitd sp3! 

C. eleeians 

Dry v/eig 
piosphat 

: l . s ^"^ 

C. giganteun 

;ht of mycorrtii: 
;e l eve l s 

sphate l eve l s 
( •g/pot) 

0.0 

1.68 

3.36 

33.6 

67.2 

0.0 

1.68 

3.36 

33.6 

67.2 

+H = Mvcorrhi^ali -M 3 

zal and 

+M 

+M 
- H 

+M 
-M 

+M 
-M 

+M 
-M 

-M 

+M 
-M 

+M 
-M 

+M 

+M 
-M 

non-n 

1 
1 
1 
I 
i 
1 
1 
I 

lycorrhi; 

3 0 

0.08* 
0.05 
0.05 
0.04 " 
0.06 
0.05 
0.10 
0.10 
0.06* 
0.01 

0.06 
0.04 
0.07 
0.06 
0.09 
0.07 
0.18* 
0.09 
0.08 
0.10 

Non-mvccorhizal; * 

sal seed l i ngs Cg/potJ 

Harvest ing periods 
r 
t 
1 

„ , , ? 
60 

0.09* 
0.06 
0.12* 
0.05 
0.14* 
0.06 
0.10 
0.08 
0.09 
0.09 

0.07 
0.06 
0.09 
0.08 
0.15* 
0.10 
0.23* 
0.14 
0.16 
0.17 

= S ign i f i can t . 

, grown i 

(days) 
1 
t 
1 

at d i f f e r e n t 

90 

0.10 
0.09 
0 .17 
0.15 
0.29* 
0.18 
0.20 
0.19 
0.18 
0.20 

0.12* 
0.09 
0.14* 
0. ^ 
0 .^0* 
0.13 
0.26* 
0.17 
0.19 
0.22* 



Fig . 34 i Percentage phosphorus content in 

mycorrhizal and non-mycorrhizal 

seedlings of C. .^legaas, grown in. 

the so i l mixturss containing 

di f ferent phosphate l eve l s . 
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Fig* 35 *• Percentage phosphorus content in 

mycorrhizal and non-mycorrhizal 

seedlings of ^ . ^iSSi^gHK* growa 

i n the s o i l mixtures containing 

d i f fe ren t phosphate l e v e l s . 
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The dry weight of mycorrhizal seedlings 

s i g n i f i c a n t l y increased with the increase of phosphate appl i ­

ca t ion upto 3.36 mg/pot in C. elegans and upto 33^6 mg/pot in 

case of C. ^igafiteum. and then decreased abruptly with fur ther 

increase in the phosphate l e v e l s . These increases were more 

pronounced at 60 and 90 days of growth. No s ign i f i can t 

va r i a t i ons i n dry weight were observed between inoculated and 

uninoculated seedlings a t higher phosphate levels (Table 34) . 

The non'»mycorrhizal seedlings i n C. gjfijg^iteum 

showed increasing trend with the increase of phosphate leve ls 

and they were s i gn i f i can t ly d i f fe ren t from mycorrhizal 

seedl ings a t the highest phosphate leve l (Table 34) . 

The phosphorus content of mycorrhizal 

seedl ings of C, elefi;ans s i gn i f i can t ly increased upto 3»36 mg/ 

pot phosphate level and then showed a decreasing t r end . But 

the phosphorus content of non-mycorrhizal seedlings increased 

with the increase in the phosphate l eve l s (Fig. 34) . Whereas, 

£• .^l^suiteum showed increasing t rend of phosphorus content 

upto 33.6 mg/pot phosphate level and then declined at higher 

phosphate level (Fig . 35) . 

2) Phosphatase a c t i v i t y 

The fresh weight of mycorrhizal and nonr 

mycorrhizal seedlings of orchids also differed with respect 

to varying phosphate addit ions in s o i l mijcfcure. 



Table 35 : Fresh weight of mycorrhizai and non-mycorrhizal seedl ings (g /pot ) of 
Cymbidiimi elegans grown at d i f fe ren t phosphate l eve l s 

Phosphate Levels 
Csg/pot) 

Harvesting periods (days) 

30 60 90 

0.0 

1.68 

3.36 

33.6 

67.2 

-n 
+M 

+M 

-M 

O.Ob* 
0.44 
0.20* 
0.76 
1.50* 
0.95 
1.15 
1.25* 
0.70 
0.50 

1.14* 
0.75 
1.40* 
0.96 
1.66* 
1.10 
1.46 
1.38 
0.90 
0.69 

1.26* 
0.95 
1.58 
1.43 
1.80* 
1.35 
1.60 
1.65 
1.04 
1.20 

+M = Mycorrhizai; -M = Non-mycorrhizaL; * = S igni f icant , 



Table 36 : Fresh weight of mycorrhizal and non-mycorrhizal seedl ings Cg/pot) of Cvmbidiijn 
gixantetm grovm at d i f fe ren t phosphate l eve l s 

Phosphate le-rels 
(ag^'pot) 

Harvest ing per iods (days) 

30 90 

1.58 

33.0 

67.2 

-M 

+M 

+M 

+M 
-M 

-M 

1.12* 
0.56 
1.60* 
0.96 
1.00 
1.25* 
0.90 
1.46* 
0.67 
0.70 

= Non-mycorrhizal; 

1.26* 
0.71 
1.81* 
1.15 
1.30 
1.44 
1.20" 
1.58* 
0.95 
1.12 

* = Significant. 

1.54*' 
0.96 
1.92* 
1.36 

1.55 
1.78 

1.49 
1.88* 

1.27 
1.50* 

-TM = Hycorrhizal; -M = 



P l a t e 15 ' Grov/th of mycorrhizal and non-mycorrhizal 

seedlings of .Cjjjny^dim ^i^antetim (Fig. l) 

^ ^ S.' ele^aris^ (Fig . 2) , in the earthen 

p o t s . 



PLATE 15 
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The fresh weight of seedlings s ign i f i can t ly 

increased with the advanced age of the seedlings (Table 35 and 

36 ) . S ign i f i can t ly , higher fresh weight was obtained upto 

3.36 mg/pot phosphate level i n the inoculated seedlings than 

the uninoculated ones in C, ele^arijs. Whereas, mycorrhizal 

seedlings of C, ^i^qnteum exhibi ted s ign i f i can t ly be t t e r fresh 

weight upto 1.68 mg/pot phosphate l eve l and then decreased 

abruptly with fur ther increase in the phosphate leve l (Table 

(Table 36) . 

In case of nonnaycorrhizal seedl ings , the fresh 

weight increased with the increase in the phosphate applica­

t i o n n-mx) 33*6 mg/pot phosphate leve l and then decreased in 

both the species (Tables 35 and 36) . 

The acid and a lka l ine phosphatase a c t i v i t i e s of 

orchid seedlings also varied with the sige of seedlings at 

d i f f e ren t phosphate leve ls (F igs . 36 and 37) . I n i t i a l l y , a t 

30 days of growth both the acid and a lka l ine phosphatase 

a c t i v i t i e s were s i gn i f i c an t l y higher and then decreased with 

the increase of seedlings age in both the spec ie s . At lower 

phosphate l e v e l s , the acid phosphatase a c t i v i t y was higher but 

i t decreased a t higher phosphate leve ls (F igs . 36 and 37) . The 

\ininoculated seedlings showed more a lkal ine phosphatase 

a c t i v i t y than the inoculated ones in the control se t s (without 

phosphate addit ions in the s o i l mixt\ ire). Conversely, the 

file:///ininoculated


Fig . 36 : Acid and a lkal ine phosphatase a c t i v i t i e s 

in mycorrhizal and non-mycorrhizal 

seedlings of C. ^ e ^ a n s grown in the 

s o i l mixtures containing d i f fe ren t 

phosphate l e v e l s . 
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F i g . 37 5 Acid and alkal ine phosphatase a c t i v i t i e s 
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mycorrhizal seedlings exhibi ted s ign i f i can t ly higher acid 

phosphatase a c t i v i t y than the non-mycorrhizal seedlings in 

controls of both the spec i e s . The acid and a lkal ine phospha-: 

t a s e a c t i v i t i e s decreased in both the mycorrhizal and 

non-mycorrhizal seedlings with the increase of phosphate 

l eve l s in the s o i l (F igs . 36 and 37) • 



DISCUSSION 



In a vast majority of the cultivated orchids, the 

flovers are not pollinated, as a consequence of -which, 

capsules are rarely formed. Even when seeds are set, less 

than 5% of them germinate under natural conditions because 

of their particular fungal requirement (Mathews ̂ t al», 

1980). D\iring germination high mortality is observed at 

the protocorm stage both in vitro and in vivo conditions 

(Arditti ̂  8̂ », 1981). The mycorrhizal association helps 

in protocorm development and seedling establishment in 

natural conditions (Meyer, 1966; Patrick et al., 1980; 

T eras hit a, 1985) on account of its role in nutrient uptake 

from substrate to germinating protocorms (Hadley, 1984; 

Alexander and Hadley, 1985). Therefore, to maintain the 

existing population and multiplication of rare and 

endangered orchids on large scale, the higher and faster 

seed germination of orchids ̂ n vitrô  coiAld be obtained on 

enriched nutrient medium under suitable temperature and 

light conditions (Harvais, 1982; Nakamura, 1982; Miura» 

1982; Zeiger ^ ^»t 1985). Further seedling growth is 

reported to be greatly enhanced in symbiotic conditions 

rather than in asymbiotic conditions. 

Significant stimulation in asymbiotic seed germina­

tion, seedling growth, root and leaf number and area was 

observed at 20*0 temperature in case of £4 ̂ ele^^:^ whereas 

in C. .̂ î antajm and T. ,̂ ;;ba, these were higher at 25"C and 
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30''C, respectively (Figs. 3 and 4, Tables 1-3 and Plate 5). 

The symbiotic seed germination and seedling develop­

ment of orchids -were also higher at lower to moderate 

temperatures (20-30°C; Figs. 13-18, Tables l6-l8 and Plate 

10), However, higher temperatures were inhibitory. The 

higher seed germination and subsequent seedling develgipment 

in all the species were recorded in symbiotic conditions 

compared to respective controls. Both in asymbiotic and 

symbiotic conditions, maximum death of protocorms/plantlets 

and shrinkage of the mediijm occurred at 35®C temperatiore. 

In the present studies the higher seed germination 

and overall seedling growth of orchids were recorded in 

asymbiotic conditions (on enriched nutrient medium, i.e., 

modified Kn C medium) than in the symbiotic conditions (on 

poor nutrient medium, i.e., Oat medium). Knudson (l925) 

suggested that fungus is not necessarily required for seed 

germination, if the synthetic medium is suppleoaented with 

various substances like vitamins, amino acids, and growth 

hormones, etc. Many workers have reported good seed germi­

nation and seedling development asymbiotically on enriched 

nutrient media in different orchids (Zeigler &t ̂ . , 1967; 

Ueda and Tor Ikata, 1972; Mead and Bulard, 1975; Linden, 1980; 

Arditti _et al., l98i; Raghuwanshi _et ̂ . , 1985). 
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I t i s general ly believed tha t i n mycorrhizal associa­

t i o n the symbiotic fungus s t imulates both germination and 

growth of o rch ids . There are many orchid species in -which 

the seeds v/ill not germinate a t a l l in the absence of s u i t a -

ble fungus (Harley, 1959). This was not so with Orchis 

fiujggurella seeds which germinated read i ly by themselves in 

c u l t u r e . The seedlings obtained from symbiotic cul tures are 

s t rong, adapt eas i ly and e s t ab l i sh read i ly i n po t - so i l 

c u l t u r e . I t seems tha t the symbionts also provide some 

pro tec t ion to the orchid seedlings from other s o i l pathogens 

(Clements et ^ . , 1979). 

Bernard (l903) noticed be t t e r symbiotic germination 

and seedling growth in Cattle,^a mossiae and Lea l i a purpurea 

orchids a t ZS^C temperature. In case of Cymbidium good 

asymbiotic germination and growth within the range of 21-29*'C 

temperature was reported by Scot t aJid A r d i t t i , 1959). The 

b e t t e r r e s u l t s obtained for C. elegans, C. g;ig;anteum and 

T. ajLba diiring the present inves t iga t ions also f a l l well 

within t h i s temperature range. Increased germination and 

growth of seedl ings of these species between the range of 

20-30°C temperature was expected because of higher p lant 

metabolic r a t e within t h i s temperature range (Knudson, 1950; 

Miura, 1982j Zeiger e t a i . , 1985). Biddington e t ^ . (l980) 

showed t h a t modrate temperature does not increase metabolic 

a c t i v i t y d i r e c t l y but makes the embryonic t i s s u e more 
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s ensitive to water and nutrient absorption from the medium. 

The inhibition in seed germination and seedling growth at 

extreme temperatures (around 35*'C) may be due to the loss of 

water from the medium as well as from the living system 

(Zaigler et al., 1967). 

The improved symbiotic germination and growth of 

orchids at lower to moderate temperatures could be due to 

balanced association between the symbiotic fungal strains 

and the protocorms (Harvais jet ̂ » , 1967; Clements et ^., 

1979; Warcup, 1980), Mycorrhizal seedlings showed higher 

growth than the controls at all the temperatures studied. 

This could be due to easy mobilization of complex nutrients 

in protocorms through the mycorrhizal fungi (Hadley, 1984; 

Alexai-der and Hadley, 1985). On the other hand, slow growth 

of the asymbiotic protocorms may be due to the presence of 

excess starch (Purves and Hadley, 1976). Certain fungal 

symbionts considerably reduced the germination and growth of 

seedlings at extreme temperatures on account of imbalanced 

symbiotic relationship, which ultimately resulted in parasi­

tism (vailiamson and Hadley, 1970; Hadley, 1983; Alexander 

and Hadley, 1983). 

The asymbiotic seed germination and seedling develop­

ment was significantly hjLgher between pH 4.0 - 6.0 in all the 

species (Figs. 5 and 6; Tables 4-6 and Plate 6). Cymbidium 
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ele^gns^ exhibited more seed germination at pH 3.0 and 4.0 

unde*̂  symbiotic condition than at the other pH values 

(Fig. 19). On the other hand$ in inoculated cultures, pH 5.0 

and 6.0 were better for germination in C. ^i^anteum and 

T. alba, respectively (Figs. 20 and 21). Likewise, growth 

index, area of seedlings/pi ant lets, number and area of roots 

and leaves were also enhanced between jH 4.0 - 6,0 under 

symbiotic conditions in all the species (Pig. 19-21 and 

Tables l9~2l). However, both seed germination and seedling 

growth were markedly inhibited at iH 10,0, 

Cappelletti (l933) noticed higher germination of 

£^^id^Aam seeds in the pH range of 3.0 - 6.0. In Dendrobium 

species, within the stimulatory pH range of 4.0 - 5.4, 

pH 4.6 was found optimum (Kotomori and Murashige, 1965)• 

Knudson (l946a) observed the best seed germination at pH 5»0 

in the case of Cattle^a mossiae. Goh (l97l) studied the 

effect of pH on the absorption of phosphate by the terres­

trial roots of two orchid hybrids and observed most efficient 

uptake in the range of pH 5.0 to 5.5. He suggested that this 

range of pH might also be suitable for maximum absoJTPtion of 

water and nutrients from the medium. On the contrary, diiring 

the present studies, the seed germination and subsequent 

seedling growth of orchids decreased at extreme pH values, 

i.e., pH 3.0 and lO.O. 
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He-witt (l966) studied the influence of pH on the 

groTATth of plants like tomato, lettuce, citrus, barley, wheat, 

maize, etc. and suggested that these plants can tolerate pH 

values from 4.0 - 8.0. Ho-wever, at lower values of 3»5 - 4.0, 

or at higher values 8,0 - 8.5, marked depression of growth 

occurs and at more extreme pH, injiiry of tissues results 

(Stephen and Chan, l970). The low pH conditions may also 

affect the synthesis process by altering the enzymatic acti­

vities in the cell (Whitaker, 1976). 

The majority of efficient nutrient solutions have pH 

values between 5.0 and 6.0 and these limits are associated 

with healthy growth of many plants (Goh, l97l). At pH 4.0 or 

less, uptake of potassium and calcium may be depressed and at 

higher pH values, precipitation and non-utilization of iron 

compounds may occur (Hewitt, 1966). 

The enhanced symbiotic seed germination and seedling 

growth of orchids in slightly acidic pH (pH 4.0 - 6.0) of the 

medium was expected due to increased uptake of nutrients 

(Kotomori &t al., 1965j Landecker, 1972; Withner, 1974; 

Palenan et ̂ ., 1976) and balanced symbiotic relationship 

between mycorrhizal fungi and protocorms (Clements et al., 

1979). The above pH range may also increase the synthesis of 

organic acids from the available carbohydrates in the medium 

(Dimond and Peltier, 1945). 
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The gro-wth of orchids may be influenced by some 

environmental factors (Hugh and Thomas, 1980). Light inten­

sity, quality and duration may affect the seed germination 

and seedling development of orchids (Afiditti, 1967; Arditti 

et al., 1982; Zeiger et ̂ ., 1985). Stoutamire (l974) 

showed that seed germination in many plants is affected by 

light being either stimulatory or inhibitory depending on the 

wave length and the plant used. 

The asymbiotic seed germination increased in the dark 

in case of C. ele^ans. Whereas, C. ̂ i^anteum and T. alba 

exhibited higher germination in lower light intensities 

(Figs. 7 and 8). The seedling growth, number and area of 

roots and leaves in asymbiotic conditions were enhanced in tha 

light. On the contrary, these were inhibited considerably in 

the dark (Tables 7-9). 

In symbiotic conditions, C. elefi;sps and T. alba 

exhibited better germination under dark conditions than in 

the light regimes but _C. e;î anteum showed more seed germina­

tion at 1500 lux light intensity with all the fungal endo-

phytes (Figs. 22-24). However, further symbiotic seedling 

growth was significantly higher in light conditions as 

compared to dark in all the species. Protocorms inoculated 

with RH36, RH54 and RA20 in C. eleeans and by RHl5 and RH36 

endophytes in T. alba increaed the seedling growth at 1500 
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lux light intensity. Whereas, in C. îĝ anteum comparatively 

better seedling growth was recorded with all the fungal 

isolates at 1500 lux light intensity (Figs. 22-24). In 

symbiotic candition, average number and area of roots and 

leaves enhanced linder 1500 and 3000 lux light intensities 

(Tables 23 and 24). 

Curtis and Nichol (l948) reported marked ."eduction 

in germination and early protocorm growth in the light. 

However, the growth of the late protocorms was accelerated by 

the light in Cfflibiĉ ium and Vanda species. In Ca|ttle;ga seed 

germination and seedling growth were promoted by light 

(Spoerl, 1948). Similarly Arditti et jl. (l98l) observed 

differential response of some North American orchids, to 

light and dark conditions for seed germination and subsequent 

seedling growth. Anderson (l978) reported that photos3^thesis 

drives metabolic growth and maintenance reactions of plants, 

which influence the developmental process. Even at lower 

light regimes during the present studies, more seedling growth 

was observed in mycorrhizal cultures than in the controls. It 

may be due to their improved metabolic processes (Landecker, 

1972). Light conditions may regulate, the carbohydrate 

synthesis, which brings about a change in their drainage 

through the root system. The process shall, therefore, 

influence the enzymatic activity of the endophyte in root 

region and secretion of hydrolytic exoenzymes. A reduction 
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in the status may bring aJDOut a change in the rate of 

conversion of insoluble organic substances into simpler and 

available forms in the root region ^Smith, 1966, 1967, 1973)? 

which could influence the development of endophyte and 

ultimately the seedling growth. 

The maximum asymbiotic seed germination was noticed 

in the green and white light in C. elê aris, and C. ̂ î azrteum,̂  

respectively. While, the seed germination was enhanced in 

darkness in case of T. ̂ ^ba. The minimum germination was 

obtained in the blue and red light in C. elegans. T. alba and 

2.' &4î aSteHa» respectively (Fig. 9). The asymbiotic seedling 

growth indax was highest under the green light in both 

C. eleeans and T. alba. However, C» gieanteum exhibited 

comparatively better growth index in white light than the 

light of other colours (Fig. 10). 

Symbiotic seed germination was significantly higher 

using RH36 and RH54 isolates in case of C. elgĵ ans and using 

RH36 and RA20 in C, ^;^ant0Lmi under red light conditions. On 

the othf̂ r hand, T̂ . sJ±a showed better seed germination in the 

blue and red light with all the mycorrhizal fungi 

(Figs. 25-27). The subsequent seedling development of 

orchids was also increased at different colours of light in 

symbiotic conditions. The lowest growth index was recorded 

in the dark conditions in both asymbiotic and symbiotic 
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cul tures in a l l the species (Fig, iO and Tables 25-27). 

^^^bidiuin seeds germinated well i n the dark but formed 

small protocorms, s c a l e - l i k e leaves and no roots (Yates and 

Cur t i s , 1949; Kohl, 1962), V/hen individual protocorm.^ were 

t r ans fe r red to complete darkness they l o s t t h e i r chlorophyll 

but produced shoots r e a d i l y . These shoots were g rea t ly 

e t i o l a t e d (Kohl, 1962). 

However, Burgeff (l932) reported t h a t seedlings of 

.^^bJidium species produced both shoots and roots in dark 

cu l tu res with a mycorrhizal fungus. The seedlings of Oncidiuu 

seemed to requi re no l i g h t for both shoot and root formation. 

Seedlings grown in the dark appeared normal but growth wes 

more extensive in the l i g h t (Yates and Cur t i s , 1949). Zeiger 

e t ^^ . (l985) studied the growth of Pa^ioj^edilum species and 

found be t t e r growth under blue l i g h t . Similar observation v/as 

made in case of T, ,^b^§, during the present inves t iga t ion . 

Ueda and Torikata (l972) invest igated the effect of l i g h t and 

oiilture medium on adventi t ious root formation by ,C ;^b i^ [^ in 

asept ic cu l tu re . Somewhat in fe r io r root and leaf production 

was reported in red and blue l i g h t than those under green and 

white l i g h t i n both the Cjmbidium spec i e s . In the present 

s tud ie s , s imi lar phenomenon v/as observed on root formation in 

S^^A^.-y^ , ^ ® ^ ^ ^ 3nd C, ^igarrbeum i n asymbiotic condi t ions . 
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The effect Qf light on the development of mycorrhiza--

in plant has been reported (Wenger, 1955; Boullard, l96l). The 

possible role of mycorrhizae in root development may be due to 

the change in carbohydrate production by the green plants. The 

effectiveness of different colours of light is of direct 

importance only when artificial light is being used for 

germination of seeds and growth of orchids. The best growth 

of orchids by using a combination of red and blue fluorescent 

bulbs vras recorded (Withner, 1964). The combination was much 

better than white light alone which was next in effectiveness. 

Increased growth in light conditions is possible due to 

enhanced photosynthetio activity and a higher plant metabolic 

rate (Zeigler §t al., 1967; Lin and Molnar, 1983). 

Asymbiotic seed germination, growth-indexi area of 

seedlings/plantlets» number and area of roots and leaves of 

orchids were found significantly higher at photoperiod range 

of 8-i6 hr (Figs, 11 and 12, Tables 13-15)» Symbiotic seed 

germination was higher using RHl5 and RA40 under 8 hr; RA20 

under 12 hr RH36 under 20 hr and RH54 under 24 hr photoperiod 

in case of C. ele^^. In C, îgL̂ t̂eum, 8 and 12 hr photo-

periods resulted in significantly higher seed germination 

(Figs. 28 and 29). T. ̂ b ^ , however, exhibited optimum seed 

germination under 8 hr photoperiod with all the mycorrhizal 

fimgi. Both symbiotic and asymbiotic germination decreased at 

24 hr photoperiod in all the species (Figs. 28-30). The 
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maximum symbiotic seedling growth index was noted under 12 

hr photoperiod using different f\ingal symbionts in all the 

species while, the minimum was recorded in 24 hr photoperiod 

(Figs. 28-30), 

Zeigler et ̂ ^. (l967) investigated the influence of 

various media and photoperiod on growth and amino acid 

content of orchid seedlings and observed better growth 

between the photoperiod range of 12-20 hr, and suggested that 

enhanced growth with increasing length of photoperiods could 

be due to improved metabolic processes and higher photosyn-

thetic activity resulting from longer light periods. Lin and 

Molnar (l983) studied the effect of photoperiod and high 

intensity supplonentary lighting on flowering of ̂ ^stnjjaneri^ 

orchid and noticed higher flowering and growth upto the 

photoperiod range of l6 hr and then found decreasing trend. 

The mycorrhizal seedlings may have better metabolic 

process even at low light conditions than controls 

(Landecker, 1972), which resulted in greater overall growth 

of seedlings. Hadley and Willisanson (l97l) have also 

observed an increase in growth of mycorrhizal seedlings at 

low level of sugars, which supported the view that mycorrhi­

zal seedlings may comparatively grow better than non-

mycorrhizal ones even in low light conditions, where the 

rate of carbohydrates synthesis could be low. 
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The production of growth substances by ecto-

mycorrhizal fungi (Ulrich, 1960J Crafts and Miller, 19741 

^S ,%% .%k*» 1982), by vesicular-arbuscular mycorrhizal fungi 

(Barea axid Aguilar, 1982) and also by orchid mycorrhizal 

fungi (Borroso et ^ ' t 1956) is well documented. The 

results of biochemical analysis of mycorrhizal fungi of 

orchids, indicated the presence of a maximum of five auxins, 

three cytokinins and six gibberellins from the seven fungal 

endophytes (Tables 31"'33)» The number and quantity of growth 

hormones varied in different mycorrhizal fungi at different 

culture periods. The amount of growth hormones increased 

with the age of the fungal culture, which might be due to 

increase in the mycelial growth (Moser, 1959). Ulrich Cl960) 

demonstrated that amount of growth hormones, their composition 

and time required for their production in detectable amoinits 

may vary between different fungal species and even between 

different strains (Moser, 1959)• Similar results were ' 

obtained in the present investigation (Figs. 32 and 33) • The 

improved growth of mycorrhizal plants in the present studies 

was expected due to increased level of growth hormones, 

produced by the fungal symbionts. Mycorrhizal production of 

growth hormones in the root zone, could also provide addi­

tional sxapply of these biologically active substances to the? 

plants (Brown, 1974). The increased growth of plants may be 

due to the role of growth hormones in division, expansion, 

and differentiation of cells, FINA and protein synthesis and 
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many other physiological and biochemical propesses (Thimann, 

1969, 1972; Cleland, l969s Skoog and Armstrong, 1970; Skoog 

and Schmitz, l972). 

The better growth of seedlings was observed at 

lower and medium doses of phosphate in the mycorrhizal sets 

as compared to the non-mycorrhizal controls in both the 

Ŝ '̂ î̂ iSffl species (Tables 34-36). The general growth 

superiority of the mycorrhizal seedlings of orchids over 

non-mycorrhizal controls at lower phosphate levels seemed to 

be the direct effect of the mycorrhizae induced increase in 

growth of the foimer. Allen _et al» (l98i) observed signifi­

cant increase in water, phosphate uptake and photosynthesis 

in case of Bouteloua ̂ ^acil^s plant in response to mycorrhi­

zal Infection, and suggested that many of thase responses 

may be regulated in part by alterations in phytohormone 

levels. Abbott and Robson (1977) studied the growth stimula­

tion of subterraneum clover with vesicular-arbuscular 

mycorrhizae and also noticed a marked increase in the growth 

and,phosphorus content of mycorrhizal plants at intermediate 

levels of phosphate. The higher phosphorus content of the 

mycorrhizal seedlings compared to the controls at lower 

phosphate levels was due to mycorrhizal infection, which 

decline at the higher phosphate levels probably due to th3 

reduction in the mycorrhizal activity ^Thomas ̂ t _^., 1982). 

The increased phosphorus concentration in the mycorrhizal 
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seedl ings might be due to increased absorption area con t r i ­

buted by the fungal hsrphae (Pearson ^^ _^ . , 1975) and 

increased phosphatase a c t i v i t y in the roots (Allen et a l . , 

I 9 8 i ) , 

I n i t i a l l y , the phosphatase a c t i v i t y was s ign i f i can t ly 

higher and then decreased with the increase of seedlings-age 

in both the C;̂ mbidium species (F igs . 36 and 37) . QM.aninazzi 

e t ^^^. (l978) s tudied phosphatase a c t i v i t i e s in the roots of 

onion seedlings and noticed more or less s imi la r r e s u l t s . The 

acid and a lkal ina phosphatase a c t i v i t i e s decreased in both the 

mycorrhizal and non-mycorrhizal seedlings of orchids with the 

increase of phosphate leve ls in the s o i l . However, mycorrhi­

za l seedlings exhibited more acid phosphtase than the 

non-mycorrhizal ones in the control se t s (Figs . 36 and 37)» 

Williamson ^et a^. (l975) s tudied acid phosphatase ac t i v i t y 

i n tho- fungal sheath of b-^ech mycorrhizae and observed upto 

eight times more phosphatase a c t i v i t y on the surface of 

mycorrhizae and suggested tha t t h i s a c t i v i t y was important in 

the uptake and t r ans loca t ion of phosphorus by mycorrhizae 

( B a r t l e t t and Lewis, 1973) • Gianinazzi and Gianinazzi (l976) 

ftbserved s l i g h t l y higher acid phosphatase actvLvity In the 

phosphorus-deficient non-mycorrhizal roots than those 

supplied with soluble phosphorus. A much grea ter s t imulat ion 

of acid phosphatase a c t i v i t y in roots of plants grown under 

phosphorus def ic ien t conditions has also been reported by 
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^//oolhouse ( l969) . Bie lesk i and Johnson (l972) invest igated 

phosphatase a c t i v i t y in phosphorus-doficiant S ^ r o d e l a 

ojLi£WTjy^a and demonstrated tha t inorganic phosphate 

deficiency may promote phosphatase a c t i v i t y . Th.̂  phosphorus 

deficifc^nt pltrnts may have more demand for phosphorus due to 

increased phosphatase a c t i v i t i e s • Williamson (l973) s tudi jd 

acid phosphatase and es terase a c t i v i t i e s in orchid mycorrhizae 

and suggested t h a t la rge increase in phosphatase a c t i v i t y 

r e su l t ed from the deplet ion of phosphate-estep pbola or bther 

nu t r i en t s i n c e l l s . Gianinazzi ^ t ^ , (l979) invest igated 

l o c a l i z a t i o n of phosphatase enzyme in ves icular-arbuscular 

mycorrhiza in the onion roots and noticed no marked modifica­

t ions in the acid phosphatase a c t i v i t y e i the r of the host c e l l s 

or -within the arbusoule branches a f te r fungal in fec t ion . As 

the fungus become more mature, acid phosphatase a c t i v i t y became 

l e s s and less evident . But as the hyphae matured, a lkal ine 

phosphatase a c t i v i t y increases and v/as more in t ense . The 

a lka l ine phosphatase ac t i v i t y , therefore , seemed to be involved, 

i n the act ive phosphate t ranspor t mechanisms (Cox ^ t ^ , , 1975; 

Tinlier, 1975). 



SUMMARY 



Effects of different ecophysioLogical factors, 

i.e., temperature, pH of the medium and light on asymbiotic 

and symbiotic seed germination and subsequent seedling deve-

loi»nent of three orchid species, viz., Cymbidiiyn ele^^ms 

(Blume), C. g;î anteupi (Wall.) and Thunia alba (Rchb.f.) were 

studied. Different parameters like, percentage of germina­

tion, growth index, area of seedlings/pi antlets, number and 

area of leaf primordia/leaves and number and area of rhizoids/ 

roots were used. The effect of different temperatxxre (20, 25, 

30 and 35°C) on seed germination and seedling growth in 

asymbiotic conditions was studied. Maximum germination of 

seeds was observed at 20°C in case of C. e.leg.̂ ns« whereas, 

£• ^i^^fegyS 2"̂ ^ £• Â*?.̂  showed highest germination at 25°C. 

The higher temperatures were found irJiibitory. Vigorous growth 

of se-idlings occurred between temperature range of 20-30*'C in 

all the cases, but it was markedly reduced at 35*'C. Statis­

tically significant variations were obtained in seed germina­

tion and seedling growth at different temperatures in all the 

species. Asymbiotic seed germination and seedling growth were 

studied at different pH (3.O, 4.0, 5.O, 6.0, 7.0, 8.0 and 10.O) 

levels of modified Kn C medium. The higher germination and 

better seedling growth were recorded at pH 4.0 and 5.0, 

whereas, the pH 10.0 proved detrimental for germination and 

protocorm growth. The maximum number and area of leaf 

primordia/leaves and also rhizoids/roots were noticed at pH 

4.0, 5,0 and 6.0 in C. ele^ans, C. giggnteum and T. alb^ 
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respectively. Significant variations were observed in seed 

germination and seedling grov;th at different pH levels. 

The effect of different light intensities (l500 lux, 

3000 luxj 5000 lux, and 0 lux), light qualities (red, green, 

blue, vhite and dark) and photoperioas (8 hr, 12 hr, 16 hr, 

20 hr and 24 hr) on aseptio seed germination and growth of 

seedlings of orchids were investigated. Seed germination was 

comparatively batter in the dark conditions in C. ele^ans, and 

T, ̂ aLba, while in C. ,^;^aj^eum, the higher percentage of seed 

germination was recorded in the light conditions. However, 

subsequent seedling growth significantly increased \ander the 

light conditions in all the species studied. The highest 

seedling growth index was observed under 1500 lux in 

C. el^j^^s and under 3OOO lux light intensity in C. £is^nteum 

^"^ £• .§y^ while, the lowest growth index was observed in 

the dark in all the species. The formation and development 

of roots and leaves asymbiotically were also enhanced at 1500 

and 3000 lux light intensities in all the cases. 

The green and white light regimes exhibited compa­

ratively higher seedling growth index, area of seedlings/ 

plantlets, number and area of rhizo ids/roots and number and 

area of leaf primordia/leaves in C. ele^ans, T. alba and 

£• ̂ iS.̂ l̂ îaS» respectively. The asymbiotic seed germination 

was better at photoperiods of 8-16 hr but it considerably 

decreased at 2C and 24 hr photoperiods in all the orchid 
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species. The subsequent seedling growth was significantly 

higher at 12 hr photoperiod in C. elegans and T.>aLba while 

^^ £.» jSASbSi'̂ iŜ  better seedling development occurred in 16 hr 

photoperiod. Statistically significant variations were 

observed in seed germination and seedling growth between 

different light treatments. 

Five-orchid-mycorrhizal fungi CRA2O, RA40, RH15, 

RH36 and RH54) were selected for in'vitro sjmibiotic studies in 

.Q,» elefianst C, ^ij^^teum and T. .alba on the oat medium. The 

inoculated cultures exhibited significantly higher seed 

germination and subsequent seedling growth than the uninocula-

ted controls at various temperatures, pH levels of the medium 

and light conditions. All the fungal isolates enhanced the 

germiration and growth of seedlings/plantlets between the 

tempera'ture range of 20-30*0 than the other temperatures. The 

symbiotic seed germination and seedling development of orchids 

were greatly reduced at 35"C Significant variations were 

observed between fungal isolates and different temperatures. 

Seed germination in C. ele^ans was higher at pH 3.0 using RH36, 

RA40 and at pH 4.0 \ising RH15, RH54 and RA20 strains. In 

£• SiSSSSy£ "̂t 4.0 using EIH36, RH54 and at pH 5.0 with RH15, 

RA2O and RA40 isolates higher germination was recorded. 

T. alba, however, exhibited the maximum germination at 6.0 pH 

with all the fungal symbionts. The minimum symbiotic seed 

germination was recorded at pH 1O.O in all the species. The 
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symbiotic growth index, area of seedlings/plantlets and number 

and area of leaf primordia/leaves and rhizoids/roots were 

enhanced in the pH range of 4»0 - 6,0 but these decreased at 

pH 8,0 and 10.0 in all the cases* The variations bptween the 

fungal isolates and different pH levels were found to be 

significaxit. 

The effect of three light intensities, i.e., 

1500 lux, 3000 lux, 5000 l\ix and dark was studied on seed 

germination and seedling growth of orchids in symbiotic 

condition. The moderate light intensity (l500"3000 lux) 

enhanced the growth of mycorrhizal seedlings than controls in 

all the cases. The seedlings inoculated with mycorrhizal 

fungi exhibited better growth even at low light intensity in 

comparison to control provided with even higher light 

intensities. 

The symbiotic growth of seedlings was 

comparatively higher under white and green light in C. elegans 

and under red and green light in C. ̂ î̂ anteum and T. ̂ L̂ba 

than the light of other colours. Likewise, the formation and 

development of roots and leaves also enhanced in the green 

and white light conditions, with all the fungal endophytes in 

all the species studied. The seedling development of orchids 

was retarded in the dark. 

The maximum germination of seeds occurred in photo-
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period range of 8~i6 hr with a l l the fungal sjmibionta. Howevaj", 

ssmibiotic seed germination -was considerably lovar at 2h hr 

photoperiod. The average area of s eed l ings /p l an t l e t s and 

number and area of leaf primordia/leaves and rh izo ids / roo ts in 

symbiotic condit ion were higher under 12 and l6 hr photoperiod 

•̂ ^ £• gl̂ egajQg,* ^» .^L^a and C, ^i^ | r teum, r e spec t ive ly . 

S ign i f ican t va r ia t ions were observed between d i f ferent l i g h t 

condi t ions . 

The r e s u l t s of biochemical analysis of 

mycorrhizal fungi of orchids indicated the presence of maximum 

f ive auxins, three cytokinins and s ix g i b b e r e l l i n s . The number 

and quant i ty of these growth substances increased with the 

growth of the mycorrhizal fungi in pure c u l t u r e s . The quant i ­

t a t i v e study of fungal extraxit exhibited tha t the maximum 

amount of auxins was noticed in RH51 followed by Rtl6l and 

l e a s t in RH36 i s o l a t e . S imi lar ly , the amoimt of g ibbere l l ins 

was also s ign i f i can t ly higher i n RH51 and lowest i n RH36 

s t r a i n s . The EIH15 and RH46 endopbytes produced the highest 

and lowest quant i ty of cytokinias , r e spec t ive ly in pure 

cu l ture a t the age of s i x t y days. 

The growth of mycorrhizal and control (non-

mycorrhizal) seedlings of Cymbidium elg^ans and 2» gi^anteum 

i n the earthen pots was s tudied a t d i f fe ren t phosphate leve ls 

of the s o i l mixture. The overa l l growth of seedlings in both 
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t he species was s i gn i f i c an t l y higher in the inoculated se t s 

than i n the controls a t lower and medium doses of phosphate. 

The non-mycorrhizEllseedlings, however, showed the increasing 

t rend with the increase of phosphate leve ls in the s o i l 

mixture i n both the cases . 

The endogenous phosphorus content of mycorrhi-

za l seedlings of C. ele_^ans_ s i gn i f i c an t l y increased upto 3.3^ 

mg/pot phosphate level and then showed a decreasing t r end . 

But the phosphorus content of the controls increased with the 

increase i n the phosphate l e v e l s . Whereas, inoculated 

seedl ings of Ĉ. ^i^^te^Vgn exhibited increasing trend of 

phosphorus content upto 33*6 mg/pot phosphate leve l i t 

declined a t higher l e v e l s . The control seedlings of t h i s 

species showed be t t e r phosphorus content a t the highest phos­

phate leve l (67.2 mg/pot). 

At 30 days of seedling growth, the phosphatase 

a c t i v i t y was s i g n i f i c a n t l y higher and i t subsequently 

decreased with the increase of seedlings-age in both the 

C^^bidium spec ies . In cases where phosphate was not supplied, 

the mycorrhizal seedlings exhibited higher acid phosphatase 

a c t i v i t y than in the non-mycorrhizal ones. V/hereas, the 

uninoculated seedlings showed more a lka l ine phosphatase 

a c t i v i t y than the inoculated ones i n cases where phosphate 

was not added to the s o i l . The acid and a lkal ine phosphatase 
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ac t iv i t i a s decreased in both the mycorrhizal and non-mycorrai-

zal seedlings -with the increase ox phosphate levels in the 

s o i l . 
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X -Ĵ -Hatch, E.D. ( l953) . Orquideas subter raneas . Orquidea J^ : 

2- Mr 

^ Hayes, A.B. ( l969) . Mycorrhizal fungi and p lant growth 

hormones. Amer. Orch. Soc. B u l l , ^ i 597-600. 



97 

, Hegde, S.N, ( l 985) . Role of orchid sanctuar ies in conserva­

t i o n in India with pa r t i cu la r reference to orchid 

sanctuary, Sessa, Arunachal Pradesh, National 

Seminar on the Biology, Conservation and Culture of 

Orchids. 3"4 Apri l , l985. Chandigarh, India . 

He-witt, E . J . ( l966) . Sand and V/ater cu l tu re methods used in 

the study of plant nu t r i t i on , 2nd edn. Commonwealth 

Agri . Cut. Bureaux, England. 

•' Hijner, J .A. and A r d i t t i , J . (l973)w Orchid mycorrhizae: 

Vitamin production by the symbionta. Amer. J« Bot. 

601 829-835. 

H i l l s , K.A., S toess l , A., Oliva, A.P. and A r d i t t i , J . ( l984) . 

Effect of orchid, lo roglosso l , dehydroorchinol, 

ba tas in I I I and 3,4-rdehydroxy-5-methoxydehydrostil-

bene on orchid (Catt leya aurant iaca) seedl ings . 

Bot. Gaz. ;142- 298-301. 

^Holbrook, A.A., Edge, V/.J.V/. and Bailey, F . ( l 9 6 l ) . Spectro-

photometric method for determination of g ibbere l l i c 

ac id- In-Gibbere l l in . pp.l59-l67» 

Hugh, A.P. and Thomas, J . S . ( l980) . Mineral n u t r i t i o n of 

orch ids . Orchid Biology - Reviews and perspectives 

I I . (ed. J . A r d i t t i ) , Comstock Publishing Associates, 

a d iv i s ion of Cornell Univ., P ress / l thoca and 

London, pp. 195-213* 



98 

/ Jackson, MtL. (l967)» Soi l chemical ana lys i s . Prent ice-Hal l , 

New Delhi, pp.498. 

'/ J a in , S.K, and Mehrotra, A. ( l984) . A preliminary investory 

of orchids of Ind ia . POSSCEF, B . S . I . , Howrah, India . 

Katiyar, R.S. , Sharma, G.D. and Mishra, R.R. ( l986c) . Effect 

of organic supplements on the seedl ing growth of an 

endangered orchid species Co^elp,^yne punctul^ata 

Indian J . Bot. ( In p r e s s ) . 

/ *Knudson, L. ( l922) . Non-symbiotic germination of orchid 

seeds . Bot. Ga2. . '^( l ) : 1-25. 

/ *Knudson, L . (1924). Further observations on non-symbiotic 

germination of orchid seeds. Bot. Gaz. 2Z' 212-219. 

( -^Knudson, L, ( l925) . Physiological study of the symbiotic 

germination of orchid seeds. Bot . Gaz. 29(4) : 345-379. 

y^Knudson, L. (l930)# Flower production by orchids grown 

non-symbiotically. Bot. Gaz. 89: 192-199. 

•^Knudson, L. (1946a). A new nut r ien t so lu t ion for germination 

of orchid seeds . Amer. Orch. Soc. B u l l . ;V5(5): 2 l4-

217. 
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