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PREFACE 

The thesis embodies the results of an ecophysiological study 

of two species of a terrestrial orchid Paphiopedilum, commonly 

known as 'Lady's slipper'. The two species, P, insigne and P. 

villosum which are endemic to the north-eastern region of the 

country and have great ornamental value are fast dwindling in 

their natural haunts due to over-exploitation and destruction of 

forests. The present study aimed at collecting relevant 

information and experimental data regarding distribution, 

morphology. phenology and ecological responses of these two 

species at certain climatic conditions and edaphic variables of 

environmental complex. 

The thesis has been divided into 11 chapters. Chapter 1-5 

include the General Introduction. Review of Literature. Study 

Site, Geographical Distribution and Morphology, Phenology and 

Anatomy of Paphiopedilum. Chapter 6-10 deal with the growth 

responses of these two species to watering. substrate quality, 

light intensity. soil nutrients level and offshoot density. Each 

of the above chapters has a brief introduction. method of study. 

results and a brief discussion. 

A synthesis of the results of the entire study has been 

presented in the General Discussion which is followed by the 

summary and references. 

~~ 
(SABINA RYNJAH) 
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GENERAL INTRODUCTION 

Orchids are a unique group of flowering plants that show a 

wide range of diversity in size, structure, number, colour and 

fragrance of flowers. There are approximately 750 genera (Khoshoo 

1986), and 20,000 species of orchids in the world (Cribb 1986). 

They are distributed allover the world, except the Antartica, 

and constitute one of the largest family of the flowering plants 

(Rittershausen and Rittershausen 1984, Khoshoo 1986). 

In India, Orchidaceae is the second largest family of the 

flowering plants, next to the Gramineae (Jain 1986). About 1300 

species of orchids occur in the north-eastern region of the 

country. 

Orchids are popularly known as showy ornamental plants on 

account of their fascinating and long lasting flowers. Even the 

cut flowers remain fresh for a long time. 

Credit for growing orchids for ornamental purposes goes to 

the Britishers. During the first half of the 18th century, when 

the British Empire expanded around the world, orchids were 

collected and sent to England in large numbers. Some of them died 

during the journey before they could reach England, while many 

others survived, fl()llri!;lH~cI And flowered .i n ttw expert h<mci!; of 

early orchid lovers. In 1832, John Lindley, Professor of Botany 

a-t the University of London, who wa!~ the foremost authorit.y on 

orchids at that time, could not succeed in erowing them under 

controlled conditions. However, during the same per lod Jo~;eph 

Paxton, a gardener of the Duke Of Devonshire, demonstrated 



that orchids can be grown and flowered successfully in the 

British Isle. After that -time orchid growing became very popular 

in whole England. 

During the second half of the 19th century, orchids were 

exported in large numbers to England from different countries in 

the tropics. They were auctioned for large sums of money in the 

sales room of Protheroe and Morris & Stevens in London. For 

example, at one time a single plant of Odontoglossum crispurR was 

sold at a price of £1500. In 1851 1 the Crystal Palace in England 

on its opening day was adorned with two tons of Leopard Orchids 

(Grammatophyllum speciosurR) imported from the East Indies. The 

trade of wild orchids at that time caused great damage to many 

species and they could never be recovered. Many orchid species 

nowadays are not found in wild. For instance, the blue Vanda 

(Vanda coerulea) and the charming slipper orchids Paphiopedilum 

fairieanum have been missing from their former distributional 

ranges of Assam. Odontoglos$um crispum and 0, pescatorei of 

Columbia, Cattleya of Brazil, the white and pink Van,ja sanderiana 

and the moth orchids, Phalaenopsis schleriana and P. stuartiana 

of Philippines have faced rarity. 

Orchids with fantastic range of variation in their floral 

structure have attracted the attention of not only the botanists, 

but laymen as well. The orchid breeders took interest in 

propagating and producing new hybrids, as a result, wild orchids 

were in great demand. In Kngland alone, nearly a quarter of 49 

native species have become endangered and two species Spiranthes 

aestivalis and Epipogium aphyllu~ have been probably extinct. The 

ghost orchid Epipogium apl'"lyllum has been missing for 3 
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consecutive years l while the monkey orchid Orchis simia, military 

orchid Orchis militaris and the lizard orchid Himantoglossum 

hircinum are all facing danger of becoming extinct. The lady's 

slipper orchid Cypripedium calceoJus JlaB reduced to a single 

plant in its sole remaining locality I as a result of its large 

scale removal from the wild over the years. Tlws in order to 

protect and propagate as well as to introduce endangered European 

orchids in Kngland l a programme was initiated at the Royal 

Botanic Garden, Kew some time in 1983 (Bailes et aI. 1986). 

Several orchid species were named after eminent early orchid 

growers. For instance, Cymbidium dayanum.~ Paphiopedi ium dayanum 

etc. 

was 

were named after John Day and a spectacular genus 

named by Lindley after William Cattleya who firs·t 

Cattleya 

grew the 

tropical orchids in England. 

Scientific studies on orchids in India are lagging behind 

except for taxonomy, embryology. cytogenetics and a few tissue 

culture studies (Kataki 1963. 1976. Karanth et ai. 1981. Sharma 

and Vij 

1986, 

Pathak 

1981, 1982, Sood 1984, Biswas 1986, Muralidhar and Mehta 

Vij and Shekhar 1986, Chaturvediand Sharma 1986, Vij and 

1990). The records of orchid growing in our country are 

indeed 

made by 

very poor. In this direction, sincere efforts 

Dr. Valluri at Bangalore, Dr. Govindachari 

have been 

at Madras, 

Professor Abraham at Trivandrum and some professional groups such 

as the Pradhans of Sikkim. Therefore, the knowledge about the 

biology of most of our orchids is still far from complete. 

Recently, collection, study and conservation programmes have been 

taken up by the Botanical Survey Of India, Orchid Research 

Station at Arunachal Pradesh and by the West Bengal Governmer.-t~. 



In India orchid dealers are not so elaborately equipped for 

the propagation or breeding of orchids and the main source of 

their supply for commercial purposes is the forests. As a result, 

a near depletion and extinction of many attractive wild orchids 

have begun to take place from their natural haunts. Hany of them 

are now endangered in the wild, those surviving the exploitation 

of the collectors, suffer from habitat destruction. 

The north-eastern India is the richest geographical region 

for orchids in the country, yet our knowledge about orchids of 

this region is very poor. because the forests of this region are 

unexplored due to difficult terrain, adverse climatic 

and even local conditions (Joseph 1986). 

conditions 

In India and even abroad, 

Paphiopedilum species have not 

ecological studies 

been undertaken. A 

on 

few 

physiological studies have been carried out by Nelson and Mayo 

(1977), Rutter and Willer (1979) and Assmann and Zeiger (1985). 

Studies on the ecology of other orchid species are also very few. 

A brief account of ecology of orchids has been given by Withner 

(1974). Rathore (1982) wrote an ecological note on Cymbidium 

aloi~olium. Keddy et al. (1984) studied the ecology of 

Cypripedium passerinum while Calder etal. (1989) carried out 

ecological investigations on ThelY'IIIitra epipactoides F. Muell. A 

few studies on the habitat conditions and -distribution of orchids 

have been carried out (Hegde 1982, Sara et al. 1985, William et 

al, 1985). Hutchings (1987) observed the population biology of 

Ophrys sphegodes Mill. Whigham (1984) studied the biomass and 

nutrient allocation in different plant parts of 

discolor. 

4 
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The genus Paphiopedilu'll commonly known as Lady's slipper 

bears attractive flowers and has high commercial value. The 

present ecological study has been done on two species of 

Paphiopedilum Paphiopedilu'll insigne Pfitz. and Paphiopedilu'll 

villosum Stein. It includes detailed study of distribution • . 
phenology. morphology. anatomy and effects of watering. 

substrate quality. light regime. interactive. influence of light 

regime and soil nutrient level and offshoot density on the growth 

behaviour of both P. ins i gne and P. ~I i 11 OSU'll. The results of 

these experiments have been presented and discussed in the 

following 1-11 chapters of the thesis. 

Chapter L General introduction 

Chapter 2. Review of literature 

Chapter 3. Study site 

Chapter 4. Geographical distribution of Paphiopedilum 

Chapter 5. Morphology. phenology and anatomy of Paphiopedilum 

Chapter 6. Effect of watering 

Chapter 7. Effect of substrate quality 

Chapter 8. Effect of light regime 

Chapter 9. Effect of light intensity and soil nutrient level 

Chapter 10. Effect of offshoot density 

Chapter 11. General discussion 

Summary 

5 
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REVIEW OF LITERATURE 

In order to understand the growth, development and 

distribution of any plant species under natural conditions, it is 

necessary to examine their response to different factors of the 

environmental complex. In this respect little work has been done 

on orchids. Therefore, literature survey also included those 

studies on terrestrial plants which were related to the main 

theme of the present investigation. Few aspects of orchid ecology 

have been discussed by Withner (1974) and Helmut et all (1981). 

However. studies dealing with the ecology of a particular orchid 

species are probably absent, except for the works of Keddy et al. 

(1984) on Cypripedium passerinum Rich., and Calder et all (1989) 

on Thelymitra epipactoides F. Muell. Hutchings (1987) studied the 

population biology of spider orchid (Orchis spegodes Mill.) and 

Regde (1982) studied the habitat distribution of orchids in 

Arunachal Pradesh. William et al. (1985) gave an account of the 

habitats of tropical orchids. Sara et al. (1985) described the 

habitat of four orchid species in Silver Lake Fen Complex. 

Water present in soil determines the growth and reproduction 

of plants and therefore any change in soil moisture level affects 

the growth attributes and biomass production in plants (Downs and 

Hellmers 1975. Seliskar 1987, Chaghtai and Siddiqui 1987, 

Vandersman et all 1988, Hester and Irvin 19H9). Schulze et ell. 

(1987) have discussed and explained the importance of plant water 

balance. Cunningham et all (1979) reported that increased soil 

moisture during gro~th period, enhanced aboveground production in 



Larrea tridentata, but reduced its allocation to reproduction. 

Foulds (1978) reported that soil moisture could affect the 

distribution pattern of Trit"olium repen5,~ Lotu:.." corrliculatu5 and 

Hedicaco lupulina. Mueller-J)ombois and Sims (1966) have discussed 

the effect of different water levels on the growth of three grass 

species in two different soil types while Vermeer (1986) studied 

the effect of nutrient addition and different water levels on 

species composition of Cirsio-Molinietum Siss et de Vries. 

Weerakoon and Lovett (1986) reported that when nitrogen and 

phosphorus were added separately to the soil, biomass production 

o£ Sal~/ia ret·le.l('a was higher under drought while reverse result 

was obtained when nitrogen and phosphorus were added together. 

Kapuya et al. (1985) observed ~tunted growth in Sorghum bicolor 

under low moisture and low nutrient levels. Tripathi and Gupta 

(1981) found that the competitive ability of Dicardhium annulatum 

and Bothl"iochioa pertusa varies with the change in the soil 

moisture content. 

Investigations on the effect of waterlogging on the growth 

and distribution of different plant species were undertaken by 

Jones and Etherington (1970) and Etherington (1984). Davies 

(1984) reported differences in the population of i:rica specie::: 

under waterlogging. Waterlogging as well as water stress both 

af£ected germination and growth of De:.:;r:hamsia ce5pito$a and 

Dactylis glomerata (Rahman and Rutter 1980). Soil moisture stress 

influences ecological behaviour (McIntyre 1976, Heather and 

Hegarty 1979, Ong 1984, Muchow 1985, Stevenson and Laidlaw 1985, 

Yadav and Tripathi 1985, Ike 1986, Roziyn and Vander Werf 1986, 

Bauder 1989) and physiological activities in plants (Engin and 
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Sprent 1973, Misra and Singh 1982, Peters 1982, Everson and Breen 

1983, 1985, Sobrado and Turner 1986. Cid-Benevento and Werner 

1986, Omaligo and Rne-Obong 1987). Trivedi and Tripathi (1982b) 

and Rai and Tripathi (1983) reported that soil texture and soil 

moisture may affect reproductive strategies of Spergula arven:.::;is 

and Plantago major and population regulation of Galinsoga 

parvi"flora. 

Classification of fertility level of soil is important for 

undertaking plant growth studies (Kalpage 1974). Gulmon and 

Turner (1978) observed differences in root and shoot growth of 

Lycopersicum escuientum L. when grown under contrasting soil 

types. Mooney (1966) and Noe and Blom (1981) observed differences 

in the distribution pattern of related species of Erigeron and 

Plantago under different soil types. Soils affect population 

biology (Snaydon and Bradshaw 1959, Rai and Tripathi 1983, Davies 

1984) and reproductive strategies of different plant species 

(Hume and Cavers 1983, Trivedi and Tripathi 1982b). Whigham 

(1984) reported that, nutrients allocation in Tipularia discolor 

depends on the nutrients present in the soil as well as those 

which are assimilated/translocated during the growth period. 

Different potting media for growing Paphiopedilum villosum 

and Dendrobium mo:.:;:chatum have been tested by Gupta and Singh 

(1986). Hawkes (1965) grew Paphiopedilum in a compost made of a 

mixture of Osmunda and chopped Sphagnum. 

Nitrogen, phosphorus and potassium have been most frequently 

used either alone or in different combinations in the studies 

dealing with plant growth and development (Ingestad 1979, 

Campbell and Grime 1989, Inam et aI. 1982, Rao et aI. 1983, 



McGraw 1985, Pratt 1985, Gupta and Gobind 1986, Bornkamm and 
('7 

Raghi-atryl 1986, Omaligo et al. 1981, Heil and Bruggink 1981, 

Lamb and Klaussner 1988). Veerkamp and Kuiper (1982b) studied the 

effect of potassium and phosphorus on the growth of Care"~" 

species. Nitrogen use efficiency was studied by Elaine and 

Vitousek (1986), Patel and Singh (1986). Seeman et ai. (1987) and 

Pandey and Dubey (1991). The effects of different nutrients viz., 

nitrogen, phosphorus and potassium on the growth of many plant 

species (in field and in the laboratory conditions) have been 

reported by McMaster et al. (1982), Davy and Bishop (1984), Erdei 

et ai. (1986), Katiyar et al. (1987) and Ashraf et al. (1989). 

However, studies concerning the effect of application of 

nutrients to the potting media on orchids are lacking, with the 

exception of the works of Bhattacharjee (1981) on Dendrobium 

m05chatum, Yadav and Bose (1986) on Aerides multiflorum Roxb. and 

Yoneda (1989) on the growth and flowering of Epidendrum radicans 

Pavon. 

The importance of fungal association for the growth and 

development of orchid plants have been studied by many workers 

(Hijner and Arditti 1913, Ware up 1973, 1915, 1981, 1985. Jonsson 

and Nylund 1979, Terashita 1983, Dexheimer and Serrigny 1984. 

Alexander et al. 1984, Alexander and Hadley 1986, Katiyar et al. 

1986, Salmia 1988, 1989, Jha et al. 1991). 

Light intensity affects the growth of plant species in a 

variety of ways (Blackman and Wilson 1951, Fitter and Ashmore 

1914, Westoby and Howell 1982, Read 1985, Solangaarachchi' and 

Harper 1981 and Schwaegerle and Bazzaz 198',) _ Some workers have 

reported positive effects of high light intensity on the grow"th 



of many 

weight 

intensity 

plant species. Zimmermann (1916) found higher fresh 

production in Portulaca o1tJacea under high light 

and the number of capsules was positively correlated 

with the amount of light received by the plants. Dennis et ai. 

(1970) reported that high light intensity increased flowering in 

cultivated strawberries but had no effect on vegetative 

reproduction. Patterson (1980) studied the partitioning of 

biomass in plants and concluded that exposed habitat favoured 

allocation to reproduction. Longstreth and Mason (1984) reported 

the average dry weight of Al ternan thera phi 1 oo~oeroi des at high 

photon flux density (40 mol m-2 day-I) was nine fold than those 

at the low (8 mol m-2 day-I) PFD. Light intensity also induced 

variations in growth and dynamics of transplanted rametes of 

Aster acuminatus. The ramete growth and flowering were positively 

correlated with the amount of light in A.~ter a,:uminatus (Ashmun 

and Pitelka 1984, Pitelka et ai. 1985). However, Khaleafa et ai. 

(1982) reported that growth and nitrogen content in Cauierpa 

proiirera increased with the increase in light up to 2,500 lux, 

but decreased significantly under light intensity higher than 

3,500 lux. 

Apart from the effects of light, the influence of shading on 

plants have also been studied by a large number of workers. 

Clausen et ai. (1940) found that very low light intensity highly 

reduced flower and seed production in Achillea species. Evan's 

and Hughes (1960) studied the effect of shading on Impatiens 

parvirlora, Pandey and Sinha (1911) on Crotalaria Juncea, Pakham 

and Willis (1917) on Ool(°alis a,:etosella, Morgan and Smith (1981b) 

on Chenopodium album, Pakham and Willis (1982) on Galeobdolon 

10 



luteum and Bourdot et aI. (1984) on Achillea miIlefoIium. Elymus 

repens and Agrostis gigantea responded to reduced light intensity 

by increased stem length but decreased aerial shoots (Skuterud 

1984). Corre (1983) reported increased stem elongation in both 

sun and shade plants under shaded condition. Studies on 

plasticity of plant traits in response to light intensity were 

carried out by Bradshaw (1965), Hickman (1915) and Rice and 

Bazzaz (1989). Chabot and Chabot (1911) reported variation in 

leaf thickness of F rag a ria ~! e :." c a under 

intensities 

condition. 

and observed thin leaves under 

The combined effects of age 

different 

lowest 

and shade 

light 

light 

on 

photosynthetic capacity of Trifolium repens were studied by 

Woledge (1986). He found that photosynthetic rate increased for 

the first week till the fully expanded stage of leaf, thereafter 

it decreased with age and the rate of decrease was more rapid in 

bright sunlight than in the dim light. Grime (1965) investigated 

the shade tolerance in flowering plants . 

In case of orchids. the studies dealing wi til the effec-ts of 

light intensity and photoperiodism on growth and flowering are 

few. Bhattacharjee (1979) found that long day treatment 

stimulated vegetative growth in Dendrobium phalaenop:.=:i:." Fitzg., 

Phalaenopsis a~abilis Bl. and Phalaenopsis :.=:chilleriana Rchb.f., 

while short day induced early flowering by 50-59 days depending 

on the species. However, Healy et aI. (1982) and Lin and Molnar 

(1983) reported that high light and long photoperiod may induce 

early flowering in AIstroemaria under low temperature. 

The combined effect of light and nitrogen supply have been 

studied on a large number of plant species (Gulmon and Chu 1981, 

11 



Fernandes et al. 1985) and that of light and other nutrients 

application by Peace and Grubb (1982), Jurik et al, (1982), 

Larsson et al, (1986) and Neumaier et al. (1987). Diepenbrock 

(1981) studied the effect of light and nitrogen application along 

a temperature gradient on fatty acid composition in leaves of 

winter rape. Shading along with nutrient· supply affected the 

growth of pteridium acquilinum L. It was reported that when 

nitrogen, phosphorus- and potassium were added together under 

reduced light intensity, fewer fronds were produced and these 

were different morphologically as well as anatomically from those 

plants which were grown under full sunlight (Daniel 1986). 

Populations of Eupatorium adenophorum and E.. riparium were 

favoured by soil nitrogen, however. low nitrogen was required 

under low light intensity (Tripathi and Yadav 1982). 

Physiological studies on orchids have attracted the 

attention of many workers. However, most of these studies deal 

with stomata, photosynthesis carbondioxide assimilation. 

germination, and tissue culture, while othe~ aspects remain 

unexplored. Rasmussen (1981) and Singh (1981) described the 

development and organisation of stomata in Orchidaceae. The 

structure and role of stomata in Paphiopedilum and Phragmipedium 
~( 

have been discussed by Nelson and Mayo (197J). Rutter and Willer 

(1979), Hew et al, (1980), Outlaw et al, (1982), Zeiger et ai. 

(1985) and Assmann and Zeiger (1985). Photosynthesis and 

photosynthetic apparatus in orchids have been discussed by 

several workers (Wong and Hew 1973, Damsz 1980
c

:(, Toshio 1982. 

Miura 1982, Gold et aI. 1983, Grivet and Zeiger 1983, I~ux and 

Hudak 1987). Fu and Hew (1982). Winter et al. (1983. 1985), Gob 

12 



et al. (1984), studied the crassulacean acid metabolism in 

orchids while their carbon metabolism was investigated by Neales 
. 

and Hew (1915), Assmann and Zeiger (1983), Goh et al. (1983), Goh 

(1983) and Hadley (1984). Kthret and Mayo (1980) studied the 

effect of abscisic' acid and vapour pressure deficit on 

Paphiopedilum Ieeanum leaf. Dighe et al. (1981) worked on the 

nitrogen fixation in Vanda testacea (Lindl) Reichb. 

Elemental composition of orchids have been analysed by 

Yamaguchi (1919), Carlucci et al. (1980), Taguchi et al. (1981), 

Bergstrom et al. (1981), Renata and Stobiecka (1983), Kausch and 

Horner (1983) and Schlee and Ebel (1983). Uphoff (1982) 

determined the anthocyanin concentration of orchids during floral 

development. Arditti and Tarr (1919) and Cooper et al. (1982) 

worked on niacin biosynthesis in leaf disc of Cattleya skinneri 

as well as in other angiosperms. Kosakiv'ska et al. (1984) 

differentiated different orchid species on the basis of protein 

studies. 

Olaturgi and Nengim (1980) reported the occurrence of 

tracheidal elements in Orchidaceae. Occurrence of viscin thread 

in Zeuxine strateauJRatica was observed by Vijayaraghavan and 

Shukla (1981). Aliev et al. (1984) studied the reorganisation of 

lysosome in orchid leaves during space flight. 

Orchid seeds take a pretty long time to germinate and 

germination percentage is usually low. In the beginning 

propagation of orchids through seeds was a difficult task. But 

with the discovery of a method of germination of orchid seeds in 

sterile flask containing agar and sugar as a medium by Knudson 

(1922) an American botanist. led to the mass propagation of orchid 

1:3 



through in ~'itro germination of both symbiotic and asymbiotic 

species (Harvais 1973. 1982. Warcup 1975. Clement 1977. Harrison 

1977. Cheng and Chua 1981. Linden 1980. Arekal and Karanth 1980. 

Arditti et aJ. 1982. Henrich et aJ. 1981. Singh and Prakash 1985. 

Van Haes and Debergh 1986. Sharma and Tandon 1986, Manning and 

Studen -1987. Yam and Weatherhead 1988. Pierik et al. 1988). 
-.-~-

Many workers used tissue culture techniques to save orchids 

from extinction (Yoneda et al. 1981. 1983. Kusumoto 1981. Vij et 

al. 1984. Hammatt and Evans 1985). Morel (1971) developed a 

method for meri-culture. This led to the propagation of orchids 

by meristem cultures (Illsley 1965. Sagawa 1966. Marston and 

Varaurai 1967. Mitra 1971, Kerbauy 1984, Sanchez 1988. Yoneda and 

Momose 1988). Morel (1971) described the principle of clonal 

propagation of orchid plants. Rao (1977) used tissue culture in 

orchid industry. Homose and Yoneda (1988) developed a technique 

to produce a protocorm like body by culturing a portion of floral 

stalk node bud of the inflorescence axis of Phal aonep::::;:i:s. 

Hmbryo culture technique for orchids in liquid medium was 

developed by Kerbauy and Handro (1981) and Singh and Prakash 

(1985). 

Heavy metal toxicity in orchid culture in green house was 

reported by Irmer et al. (1982) while Ernst and Arditti (1984) 

observed phytotoxicity of surfactant on Brassocattleya seedlings. 

Hills et al. (1984) reported that phytoalexin (orchinol and 

loroglossol) inhibited the growth of Cattleya aurantiana 

seedlings. The effect of vitamins plus nitrogen and hormones on 

orchid seed germination and orchid seedlings was studied by 

O'Neil (1958). Mead and Bulard (1975) and Duan and Xie (1981). 
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Pollination ecology has been most extensively studied in 

orchids. It deals with the relationships of orchid flowers with 

their pollinators. The pollinators are generally bees and wasps, 

who visit the flowers for their food, accidentally carry pollen 

on their back and feet and pollinate another flower (Pjil and 

Dodson 1966, Nilsson 1983, Whigham and McWethy 1980, Brantjes 

1981. Dierenger 1982, Stoutamire 1983,. Ackerman 1983, Williams 

and Whitten 1983, Silva and Stort 1989). Orchis galileae (Bornm. 

et Schulze) Schltr .• has been reported to produce no nectar. 

instead they produce a strong specific scent similar to sexual 

attractant that attracts male bees Halictus .arginatus (Bino et 

al. 1982). Cryptostylis e.l(·celsa and Ophrys species also produce 

scent which attracts male pollinators (Graham 1984 and Borg 

Karlson et al. 1987). Pollination in orchids also takes place due 

to their mimicry with the flowers of other plant species. 

Post-pollination changes in orchids have also been discussed 

in a large number of physiological studies (Arditti et al. 1971. 

Chadwick et al. 1981, Strauss and Arditti 1982, 1984). The 

occurrence of autogamy in orchids has been observed by 

Gandawidjaja and Arditti (1982) in Phaius tanken'illiae, Graham 

(1984) in Eulophia. Catling (1980) in Lipar-is loeselin. Jansen et 

aJ. (1980) and Mehrhoff (1984) in Encyclia cordigera and Isotria 

.edealoides. Schick (1988. 1989) described the anatomy and 

function of pollinating apparatus in monandrous orchid flowers. 

The relationship between pollinators and fruit production in 

neotropical orchids has been studied by Zimmermann and Aide 

(1989). Inter and intraspecific crossings have also been done in 

orchids (McConnel and Kamemoto 1983, Stort 1985. Stort et al.' 

10d-~~ t):{! 
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1985, Peakal and James 1989)". 

Large number experiments done on plant population dynamics 

(Tamm 1972, Thomas and Dale 1975, Sagar and Mortimer 1976, Harper 

1977, Jansen 1977, Kirby 1980, Lovett 1981c, Yadavand Tripathi 

1981, Kushwaha et al. 1983b, Cook 1983, Hartnett and Bazzaz 1983, 

Reader 1985, Naoki and Todaki 1985), and population biology of 

different species (Nobel et aI. 1979, Abrahamson 1980, 

et al. 1982, Pitelka et aI. 1984), show that besides 

factors of environment, resource competition and 

Schellner 

physical 

biotic other 

interactions play an important role in growth and re~llation of 

plant populations. Several field experiments confirm that 

significant reductions in plant growth and/or survival occur in 

presence of neighbours (Putwain and Harper 1970, Allen and Forman 

1976, Dwivedi and Tripathi 1980, Fowler 1981, Silander and 

Antonovics 1982, Yadav and Tripathi 1984, Goldberg 1987). 

Hooker (1894) identified and described the orchids of 

British India. Pradhan's (1976) and Rittershausen and 

Rittershausen's (1984) works help in identifying various types of 

orchid species. Summerhayes (1968) described the structure of 

orchid plant and differentiated its structure from" other 

monocotyledons. Rao (1979) and Bose and Bhattacharjee (1985) 

discussed the importance and uses of different orchid species. 

Joseph (1982) worked on the orchids of Nilgiri. Indian orchids 

used for drugs and chemicals are described by Majumder et aI. 

(1982, 1983), Handa (1986) and Majumder and Sen (1987). Drugs and 

medicinally important orchids of Europe and Japan have been 

reported by Namba et aJ. (1981), Namba and Lin (19H1), Ilin and 

Mamba (1982). 

u: 



Rapid depletion of orchid species from their natural 

habitats led several biologists or orchidologists to suggest 

preventive measures for their conservation (Kataki 1975 and Singh 

1981). Cribb (1986) described the world's wild orchid crisis and 

gave detailed description of PaphiopediIum urbarlianum and P. 

hennisianum. Hegde (1981a) described the 'Lost Orchids" and their 

conservation measures. Rao and Haridasan (1983) studied the 

threatened plants' of Meghalaya and emphasised the need for their 

conservation. Jain and Kataki (1977) suggested afforestation 

programme for conservation of orchids. Varma and Sahni (1976) 

reported the rare orchids of north-eastern region and suggested 

methods to conserve them. Chudovska (1980) develop~d a technique 

for preservation of orchid flowers in herbarium without 

destroying their colouration. 

Studies on taxonomy, physiology, anatomy and cytology of 

Paphiopedilum have been done by Rosso (1966), Rao (1914), Kataki 
f"? !.>} ",1 /'1' 

\ !if .' 
(1976). Nelson and Mayo (1911), Adriansen (1980) Outlaw et aI. 

(1982) Cribb (1986) and Biswas (1986). 

A brief review of literature presented above. explicitly 

reveals that studies on the ecology of orchids in general and 

these two species in particular, are far and few between. In view 

of the above. a study on the eco-physiology of two species of 

PaphiopediIum was carried out to understand their growUl 

behaviour under varied environmental conditions. 
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STUDY SITE 

The present investigation was carried out in and around 

Shillong (Lat. 25-34", ·Long 91-5S"E and alt. 1500m), the capital 

of Meghalaya in north-eastern India. Field study was carried out 

in Upper Shillong (alt. 1700m) and pot experiments were conducted 

in net house in Mayurbhanj Campus, School of Life Sciences. 

North-Eastern Hill University, Shillong. 

m~~ 

The climate of Meghalaya is very pleasant. It enjoys a monsoonic 

climate with an average annual rainfall of 2500cm. The average 

rainfall. temperature and relative humidity data recorded during 

the study period are given in Fig. 3.1. The climate of this state 

can be divided into four seasons (1) spring (March to April). 

(2)wet summer (May to September) (3) autumn (October to November) 

and (4) winter (December to February). The spring season is 

characterized by the gradual increase in temperature accompanied 

by occasional showers. The south-west monsoon blows over the 

state during the summer which is characterized by relatively high 

temperature. strong winds. heavy rainfall and high humidity. The 

autumn season experiences mild cold and dry weather. End of 

November marks the beginning of the winter season. During the 

winter season, temperature drops considerably and cold becomes 

severe. Thus the winter season is 

temperature and dry weather although 

characterized by 

occasional showers 

low 

are 

received through north-east monsoon. Clear winter days are 
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usually followed by frosty nights and the temperature sometimes 

drop to near the freezing point. The overall climate is suitable 

for the luxuriant growth of plants except during winter months 

when the temperature is loa and air and soil are considerably 

d~. 

Soil 

The Meghalaya plateau comprising the Garo, Khasi and Jaintia 

Hills. has an evolutionary history of emergence. submergence and 

peneplanation. It is made up largely of Precambrian rocks acutely 

folded and steeply dipping, aith an overturned fringe of Mesozoic 

and Tertiary sediments. The plateau has experienced the influence 

of an alternative phase of transgression and regression of the 

sea water from the Mesozoic to the early Tertiary times. It is 

believed that the hills of Shillong Plateau and its surroundings 

were uplifted from the sea bed called Tethys Sea during the 

Mesozoic to the early Tertiary time along with the origin of the 

Himalayas (Zimba 1991). Large portion of the hill areas of 

Meghalaya plateau is covered with lateritic soil having reddish 

brown colour and sandy loam to silty loam texture from the 

surface to the deeper layers. It has originated from the hard 

rocks representing gneises, schists, granite conglomerates, 

quartzites etc. The soil is acidic aith pH ranging from 5.2-6.5 

and rich in organic matters under forest cover. 

Vegetation 

The vegetation of Meghalaya is predominantly evergreen at 

upper elevation with patches of subtropical wet hill broad 
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leaved forest and vast stretching secondary pine (Pinu:;:: kesiya) 

forest. Besides, tropical moist forest at lower elevation, 

degraded forests, jhum fallows colonized by ruderal weeds, 

savanna like vegetation and patches of grasslands are conspicuous 

features of the state. The main occupation of the people of this 

~egion is agriculture. The tribal people generally practice 

shifting cultivation locally known as "Jhum" although they are 

now taking to settled agriculture on terraces and in the valleys 

in and around the urban centres. 

Heavy rainfall during summer and high humidity in most parts 

of the year although favour luxuriant growth of great variety of 

mosses, lichens and epiphytic ferns and orchids, habitat 

destruction ~d decline in the broad leaved tree species in the 

forest and over-collection have adversely affected the orchid 

population in the state. The forest floor and rock crevices are 

the natural abode of the two species of Paphiopedilum, 

but destruction of the forests and their in indiscriminate 

collection have made them extremely rare in nature. They are now 

mostly found in the nurseries of the commercial growers and in 

the houses of orchid lovers. 
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DISTRIBUTION OF PAPHIOPEDILUM 

Lady's slipper orchids are worldwide in distribution barring 

Australia (Veitch & Sons 1894). Approximately 50 species of 

PaphiopedilulR have been reported "from different parts of the 

world (Table 4.1), and about 90 hybrids have been produced 

through intergeneric and interspecific hybridisations (Veitch & 

Sons 1894, Hooker 1894, Hawkes 1965, Rosso 1966, Pradhan 1976). 

(Table 4.2). 

PaphiopedilulR species grow in north-east India, 

(Sylhet) and Malay. In northern India, it is found 

Khasi, Jaintia and Garo Hills of Meghalaya, and lower 

ranges starting from Sikkim to eastern Assam and 

Bangladesh 

chiefly in 

Himalayan 

extending 

further eastward to Hongkong and on the mountain ranges of south 

China. From India, 9 species of PaphiopedilulR (Fig. 4.1) and 4 

species of CypriepediulR have been reported by Kataki (1984). 

Paphiopedilum spp. occur between 1200m and 2000m elevation 

where rainfall is heavy and dry season is very short. They are 

mostly found growing below the rock ridges, in the rock crevices 

and on the forest floor, where there is accumulation of decaying 

organic matter. Some species e.g., PaphiopedilulR ~'illosum also 

grows as epiphytes in the forks of branches of trees. Sometimes 

the plants are found on decayed fibrous roots of ferns. 

Paphiopedilum insigne Pfltz., was first reported by 

in 1819 from the Sylhet district (now in Bangladesh); 

1984). The plant was sent to England during 1819-1820 and 

in the Liverpool Botanic Garden where it bloomed for the 

Wallich 

(Kataki 

grown 

first 



Table: 4.1. Distribution of Paphiopedilum in the world. 

HAKES PLACE 

P.phillipinense (Rchb.f.l Pfitz. Phillipines 

P.Sa9deria9U' (Rchb.f.' Pfitz. Do 

P.albile Hall.f. Bornlo 

P.appletolianul (GoMer) Rolfe. Hi.alayas, Assa. , Thailand 

P.Argus (Rchb.f.1 Pfitz. Phillipines: Luzon' Negros 

P.barbatul (ldl.) Pfitz. Thailand' "alay Peninsula 

P.bellatulul (Rchb.f.) Pfitz Bur.a , Thailand 

P.Bulleria»u. (Rchb.f.) Pfitz. Borneo' "alay Peninsula 

P.ca110su. (Rchb.f.) Pfttz. Thailand' Ca.bodia 

P.cha.berlaieia&u. (O'Brien) Pfitz. Su.atra 

P.charlesNorthii (Rchb.f.) Pfitz. India,Bur.a • Arrakan .ountain 

TIKE OF FLONERING 

Not reported. 

Su •• er - Early Autu.n. 

Spring - Early Su •• er. 

Spring. 

Spring - Early Su •• er. 

Spring -Autu.n. 

Spring. 

Su •• er. 

Spring - 5u •• er. 

Through out the year. 

Autu.n. 

P.ciliolare (Rchb.f.) Stein. 

P.coDcolor (Par' Bate.) Pfitz. 

P.curtissii Rchh.f. 

P.fairiealu, (Idl.l Stein. 

P.glaucophylul J.J.Sl •• 

P.godefroyae (Bodefr) Pfitz. 

P.Hayaaldialu. (Rchb.f.IPfitz. 

P.hirsutissi.u. (Ldl.) Stein. 

P.Hookerae (Rchb.f.1 Pfitz. 

P.ve»ustu. (Nall.1 Pfitz 

P.i.sigle (Nall.' Pfitz. 

P.java»icu. (ReinM) Pfitz. 

P.laNreftceanu. (Rchb.f.) Pfitz. 

Phillipinesl Luzon,Dinagot,"indanao Spring - Early Su •• er. 

Thailand,Sur.a,Ca.bodia,Laos,Vietna. Spring. 

Su.atra Spring - Su •• er. 

Hi.alaya,Shutan,Assa. Su •• er - Early Autu.n. 

Java Spring. 

Bur.a, Thailand, Vietna. Spring - Early Su •• er. 

Phillipines: Luzon Spring. 

Hi.alaya,Assa •• Khasi Hills Spring. 

Borneo Spring - Early Su •• er. 

Sitti., Sylhlt, Assa. Ninter. 

Hi.alayas,Keghalaya Autu.n - Spring. 

Java , Borneo Su •• er - Autu.n. 

North Borneo Su •• er - Autu.n. 
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Table 4.1 (eontd.1 

NAKES 

P.loNii (Ldl.1 Pfitz. 

P •• astersia»u. (Rehb.f.l Pfitz. 

P.niYeu. (Rchb.f.l Pfitz. 

P.parishii (Rehb.f.1 Pfitz. 

P.Praestans CRehb.f.1 Pfitz. 

P.Rothschiidia&u. (Rehb.f.lPfitz. 

P.spiceriaDu, (Rehb.f.l Pfitz. 

P.stoaei (Hk.F.I Pfitz. 

P.TODSU' (Rehb.f.1 Pfitz. 

P.villosu. (Ldl.l Stein. 

P.Vayanu. (Rehb.f.l Pfitz. 

P.druryi CBedd.1 Stein. 

P.elul (O'Brienl Pfitz. 

P.nigritul (Rehb.f.1 Pfitz. 

P.purpuratu. (Ldl.1 Pfitz. 

P.superbiens Rehb.f. 

P.victoriae Mariae (Hk.f.l Rolfe. 

P.volonteanu. (Sand.) Pfitz. 

P.aciodontul 

P.heDIIJSianul 

P.leucochilul 

P.esquirolei Schultr, 

P.sukhakulii Schoser • SEnghas. 

PLACE 

Sara.at 

Koluccas, Alboina 

Langkalli islands,Peninsular, 
Thailand, Talbilan islands, 
Borneo 
Burla, Thailand 

Nell Guinea 

SUlatra, Borneo, Nell Suinea 

Assai 

North Borneo, SaraNak 

Suutra 

TIKE OF FLOMERING 

Spring - SUiter. 

Not reported. 

Spring - Autuln. 

Spring - Autuln. 

Spring - Autuln. 

SUller - Autuln. 

Autuln - Minter. 

SUiter - Autuln. 

Spring - Early SUller. 

Assai, Lushai hill, Burla, Thailand Autuln - Spring, 

North East Borneo Spring. 

India:Travaneore Spring, 

Peninsular Thailand Spring 

Borneo Spring - SUlier. 

Hongkong,Chinese Coast SUller - Autuln, 

Island of the Strait of Kalacea Spring - SUller, 

SUlatra Spring - SUlier. 

Borneo SUlier - Autuln. 

Phillipines Hot reported. 

Phillipinesl "indanao Not Reported, 

Thailand Not reported. 

Not reported Not reported. 

Not reported Not reported. 

Sources: Hooker (1894), V~itch & Sons (1894), Hawkes (1965), 
Rosso (1966), Pradhan (1976), Rao (1979), Kataki (1986). 
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Table: 4.2. Parents~ Hybrids and Hybridisers alc:ng with years. 

Parents Hybrids Hybridisers Year 

P.vilIosul x P.barbatul = P.Harr isianul Not known 1870 

P.barbatul x P.fairieanul = P.vexiIIariuI DOliny 1870 

P.barbatul J P.illsiglle = P.Ashburtoniae Cross 1871 

P.insigne II P. venustul . P.crossianu. Cross 1873 

P.insigne x P.fairieaDUI = P.Arthursianul Prof. Reichenbach 1874 

P.veDustu. pardeDul x P.concolor = P.larshallianul Seden 1875 

P.venustul II P.loNli = P·PycDopterul Seden 1876 

P.barbatu. x P.superbiens = P.superciliare Seden 1876 

P.Hookerae J P. bar batUJ = P •• arlorophyllu. Seden 1876 

P.Oayanul J P.barbatul = P.SNanianiuI Iii 11 ial Swan 1876 

P.l'illoSUI x P.IHz'!ne lIaulei = P.nltells Seden 1878 

P.barbatul .f P.phillipinense = P.selIigerul Seden 1878 

P.spiceriallul x P.insigne = P.Leeanul Not kown 1878 

P.argus x P. vi 1I OSUI = P. verrdxiu. Seden 1879 

P.barbatul x P.ve&ustul = P.chloroneurul Robert Merner 1880 

P.barbatul crassi x P.lo/lii = P.Calanthul Seden 1880 

P.lliIlasul x P.venustu. = P.lleirax Robert Marner 1880 

P.barbatul x P.vellustul = P.calaphyllu. B.S. Millial 1881 

P .Hooker ae x P.purpuratul = P.geuiferu. J.C.Bowring 1881 

P.Harrisianul x P.insigne IIaulei = P.electra Robl!rt Marner 1882 

P.villosul II P.barbatUi : P .UJ1liusianul Robert Marner 1882 

P.lIiveu. :c P.~rUryl : P.llcr(lchilUI Seden 1882 

P.lollii I( P.supubiens P.,acropterul Sed en 1882 

P.coDcolor x P.barbatul P.TessHiatul. Seden 1883 
OOf phY"!UI 
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Table 4.2 (contd.) 

Parents Hybrids Hybridisers Year 

P.barbatul Crossii x P.hirsutLSsilul = P.porphyrochlalis Seden 1884 

P.barbatul x P.insigne Chantinii = P.Laforcadei Bauer 1884 

P.javanicul x P.superbiens = P.javanico-superblens ".Bleu 18BS 

P.villosu. x P.insigne = P.SalIierii J.C.Boliring IBBS 

P.LaNrenceanul x P.spicerJenu. = P.radiosul Seden 1885 

P.Harrisianu. x P.insigne Haulei = P.Oenathul Seden 1885 

P.barbatul x P.viliosul Boxall; = P.apiculatu. D.O.Dreliett 188b 

P.argus x P.laNreAceanul = P.Io Norian C.Cookson 188b 

P.vilIosUi x P.hirsutissilul = P.6ertinyanUi Seden 1886 

P.superbieDS x P.Stonei = P./forganiae Seden 1886 

P .barbatUI x P.Druryi = P .or phanul Seden 1886 

P.lliveu. x P.barbatUJ = P.tautziallul Sed en 1886 

P.Harr isiaRul x P.insigne /fauleJ = P.thibautlanul Sed en 1886 

P.vilIosUi x P.druryi = P.NlTlninUI Seden IBBb 

P.spicerianUi x P.superbiens = P.liornianu. F.Horn 1887 

P.superbiens x P.viIlosul = P.lfrs.Canhaa Not KnONn 1887 

P.barbatUI x P.javanicul ~iren5 = P.pleistochiorul D.O. DreNett IB87 

P.viIlosUi x P. venustul = P.plunarul Norian C.Cookson 1887 

P.barbatul x P .laNrellceaflUi P .allul Norian C.Cootson 1887 

P.laNrenceaTlUI x P.veTlUstul = P.auroreul Norian C.Cookson IBB7 

P.superbiens x P.venustUi = P.ca" lerel ".Bluer IBB7 

P.villosul x P.:iuperbiens = f.charles Canhal Rolfe IBB7 

P.Dayanul x P.barbatul Crossil P.<1ellcatulu. D.O.DreNett IBB7 

P.yeT/ustul II P.Dayanul = P.caIigare D.O.Dreliett IBBB 

25 



Table 4.2 (contd.) 

Parenh Hybrids Hybridisen Year 

P.lallTenCeanul x P.superbiens = P.Euryale Supra Seden IBBB 

P.barbatul x P.stonei = P.euryandrul Seden 188S 

P.Harrisianul x P.insigne Waulei = P.Gaiatea Seden lSBB 

P.viliosul Boxaili x P.hirsutissilUI = r.Godreffianul Norian C.Cookson ISBB 

P.spicerianul x P .vi 110s«1 = P .Lathatianul M.B.Lathaa lS88 

P.vi11osUi x P.venustul = P."easuresianul R.H.Keasure ISS8 

P.viliosul Boxaili x P.venustul F. paVOlllDUI D.D.Drewett lSBS 

P.phi11ipinense x P.barbatul = p.Peetersianul Not Knolln 18BS 

P.VeIIUstUI x P.spicu lanUI = P.poiystigiaticul R.H."easure lBBS 

P.insigne x P.LeeaT/ul = P.actaeus Not Known IB95 

P.Leeanul x P.spicerianul = P.8rullo 'Wadel' A W Kessrs Veitch lB96 

P .ca11osul x P.lallrenCeaTIul P.lfaudJae Charlesworth' Co 1900 
var. Sander ae var. hyeallul 

P.Actaeus x P.Astarte = F.F.C Puddle FCC F.C.Puddle 1932 

P.rothschildiaRul x P.dele»atii = P.Delrosi Vacherot • 1961 
Lecoufle 

P.Rollsight x P.Canbura P.Geeloft9 Ratcliffe 1966 

P.hirsutissilul x P.barbatul P.Frasu I Fraser Not Known 

P.niJleul ~. P.JIPllUstUI = P.ifadalP Van Houtte Louis Van Houtte Do 

P.viliosul x P.purpuratul F.COIlCiDut J.C.Bowring Do 

P.Ril'eUI x P.I allr enceaT,ul = F.Aphrodite, Supra Sed en Do 

P.bellatulul x P.DiJleUI = P.Astarte Hot known Do 

P.bellatulul x P.BIEIl.jia = P.De.ura Do Do 

P.beilatulul 1 P.Drayton : P.VHena Do Do 

P.bellatuIUI . x P.Atlantis P.oelisair€ Do Do 
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Contd. 

Parents Hybrids Hybridisers Year 

P.Belisaire x P.Winston Churchill = P.Red Cloud Not knolln Not knolln 

P.fairieaTIul x P.AlIa GavaPrt = P.friedrich Kellin Do Do 

P.inslgTle x P.actaeus = P.san-actaeus Do Do 

P.san-actaeus x F.Chilton = F.Bernstein Do Do 

P.spicerianUi x P.vUlosul P.Lathatianul Do Do 

P.Lathaiianul x P.Evanhurst = P.Lathahurst Do Do 

P.spiceriaRul x P.Rruno = P.the Gurka Do Do 

P. the Gurka x P.8anchory P.t;uAr i Do Do 

P.venustul x P.ciIioiare = P.llarie Hey Do Do 

P.fairieanul .f P.venustul = P. Pr adhan ii Do Do 

P. insigne .f P.venustul = P.ve9usto-insigne Do Do 

P.spicuianUi x P.l'ellustul = F.spicero-venustul Do Do 

Sources: Hooker (1894). Veitch & Sons (1894). Brians & 

Wilma (1984). Cribb (1986). 
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SRlty 
Fig. 4.1. Distribution of Paphiopedilum species in India. 1 -

Paphiopedilum insigne (Wall. ex. Lindl.) pritz. (Meghalaya); 2 -
P. venustum (Wall. ex Sims) Pfitz. (Meghalaya, Sikkim); 3 - P. 
hirsutissimum (Lindl.) Stein. (Meghalaya, Mizoram, Nagaland); 4 
-P. villosllm (Lindl.) Stein. (Mizoram); 5 -P. spicerianum 
(Reichb. f.) Pfitz. (Cachar); 6 - P. fairieanum (Lindl.) Stein. 
(Arunachal, Sikkim); 7 - P. wardii Summerh. (Arunachal) 8 - P. 
charlesworthii (Royle.) Pfitz. (Mizoram); 9 - P. druryi (Bedd.' 
Stein. (Kerala). 



time in autumn of 1820. Subsequently it was rediscovered by 

Griffith on Khasi Hills between 1200m and 2000m altitude (Hooker 

1894). 

Paphiopedilum vlliosum was first discovered by Thomas Lobb 

(1853) near Moulmein (Burma) and subsequently by Rev. C. Parish. 

This species is found in Tenasserim (Mulmein J Burma) bu1~ is more 

abundant further north near Tongu (Burma) where they grow amongst 

mosses and decaying organic matter high on the stem and branches 

of the trees. In India this species is found in Mizoram (Kataki 

1984) . 



Chapt~r 5 

MORPHOLOGY, PHENOLOGY AND ANATOMY OF PAPHIOPEDILUM 

General morphological characters of orchids 

Orchids whether epiphytes or terrestrial, exhibit two types 

of habit, the monopodial type in which the main stem continues to 

grow and the flowers are produced from axils of leaves and 

sympodial type where growth of the main stem is arrested by a 

new 

base. 

terminal flower or inflorescence during flowering season and 

growth takes place every season from the bud eyes at the 

The roots that arise from the base of the stem are called 

roots and those which arise from the nodes are called 

basal 

aerial 

roots. The aerial roots are generally green and perform 

photosynthesis. The stem varies from an underground tuber and 

rhizome to pseudobulbs and simple, reed like, and elongated ones, 

with sympodial or monopodial growth. The leaf may be plicate, 

conduplicate, terete or cylindrical with acute apex, they are 

either fleshy or membranous. 

Orchids are monocotyledonous plants having leaves with 

prominent ribs running the whole length of the leaf in a more or 

less parallel fashion and joining at the acut~ tip. Some orchids 

are saprophytes. These are entirely devoid of leaves and thus are 

entirely dependent for their food on dead and decaying matter of 

the forest floor. 

In orchid flowers, character of perianth member is of 

special significance. The perianth differ considerably from one 

another, one of them being most complicated in structure. This 

has been termed as ~lip' or 'labellum' and the presence of this 



curious petal is a characteristic feature of the flowers of all 

orchids. The inequalities in the front and back perianth members, 

although the side ones are identical. imparts irregularity or 

zygomorphic nature to the flower. Stamens and pistils are joined 

together to form a special structure called the 'column' which is 

another important identifying character of the orchid family. 

Ovary is inferior and it consists of innumerable very minute 

ovules which develop into seeds after fertilization. All the 

sepals may be almost alike, ~r the single one opposite the lip 

may be different in shape or colour from the two lateral sepals, 

which are alike. The two lateral petals are also alike and often 

show a marked resemblance in colour, if not in shape to the lip 

or third petal. 

In orchids with the exception of lady's slipper, the pollen 

grains are joined together forming a solid mass termed as 

'pollinia' . Pollinium has a special attachment known as 

'viscidium'. In lady's slipper, 2 stamens placed one on each side 

of the column look more or less like stamens of other flowers 

except that they are stalkless. The pollen grains also do not 

form distinct pollinia, and they lie in a sticky paste like 

substance. The ladY's slippers are therefore intermediate between 

the rest of the orchids and families like Liliaceae, possessing 

the lip and column of the former and pollen of the latter. 

Morphology of Paphiopedilu. 

The 

"Slipper 

genus Paphiopedilum Pfitz., commonly 

Orchid", belongs to the family Orchidaceae. 

called as 

sub-family 

Cypripediodeae tribe Cypripedieae and sub-tribe Cypripedilinae of 
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the Order Orchideae (Rao 1979). Dressler and Dodson (1960) and 

Caray (1960) classified the slipper orchids into a seperate 

family Apostasioideae. Most authorities believe that the 

Apostasiods and Cypripedioids are more primitive than any other 

orchid sub-families (Rosso 1966). 

All "slipper orchids" belong to the sub-tribe Cypripedilinae 

comprising four terrestrial genera: (i) Cypripedium Linn., of 

North American origin, (ii) Paphiopedilum Pfitz .• the lady's 

slipper of Asia which is popular in horticulture (iii) 

Phragmipedium Rolfe., and (iv) Seienipedium Rchb.f .• of South 

American origin. 

In horticulture, the genus Papl,iopedi lum is erroneously put 

under Cypripedium, in reality Cypripedium is completely distinct 

from Paphiopedi lum. The genus Paphic?pedi 1 um is distinct from its 

allied genus Cypripedium and other genera in having trilocular 

ovary (Kataki 1986). Infact this condition is attained because of 

excessive ingrowth of the placentae which do not fuse but form a 

three chambered ovary condition. 

The morphology of Cypripedium~ Paphiopedilum~ and 

Phragmipedium has been described by Irmish (1853), Pfitzer (1882, 

1903). Faber (1904). Camus (1908). Holm (1908) and Solereder and 

Meyer (1930). 

The plant is a terrestrial perennial herb of dwarf to 

moderate size, with a leafy stem and distichous, radical. 

coreaceous often tessellated leaves and terminal flow~r (Fig. 

5.1). The flower is large, showy and solitary arising from each 

offshoot. In a single plant, one to many flowering scapes may 

arise. The underground rhizome bears fibrous root system. The 
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leaves arise from a leafy stem. five to eight in each season, 

pointing two ways alternately. The leaves are smooth, fleshy and 

waxy. They are long, keeled below and tessellated, glossy green 

to mottled green in colour. Leaves with a prominent midrib, are 

sessile and generally grow horizontally and bear cutinous coating 

on both the surfaces, the layer on the upper surface being 

thicker than that on the lower surface. The stomata are present 

only on the lower surface. Trichomes are absent on both the 

surfaces. 

Paphiopedilum Pfitz., belongs to the sympodial group with 

three types of shoot organization. Since Paphiopedilu1R belongs to 

a conduplicate genus, it shows a condensed axis. There is no 

clear demarcation of the transition between the leafy stem and 

the rhizome as well as there is no clear demarcation between the 

nodes and the internodes. The leaves seemed to emerge from the 

same point. The stem of Paphiopedilu1R is one of the most 

primitive type. The term "stem" in Paphiopedilu.1R species includes 

both rhizome as well as the leafy stem. Thus in this genus there 

are two types of stem, a short. underground rhizome and a short 

leafy stem continuing from the rhizome. The rhizome includes the 

lower subterranean part of the stem axis with indistinct nodes 

and internodes. Holttum (1955) reported that at a certain stage 

of development the subterranean monocotyledonous stem turns 

upward and produce leafy stem. The rhizome is sliglrtly hard and 

gives rise to adventitious roots and very small and usually 

inconspicuous scales. The leafy stem is a continuation of the 

rhizome and is covered with laterally emerging leaves whlch 

during blooming season terminates into a long inflorescence axis. 
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New offshoot grows 

offshoot. Both old 

mostly annually from the base of the old 

as well as young roots arise from the 

underground rhizome. Sometimes young roots arise from the axil of 

the older leaves on the leafy stem. Therefore. it appears that 

the leafy stem in the later stage develops into rhizome. Roots 

bear root hairs. 

During flowering season. the flowering scape arises between 

the imbricate bases of the leaves. Most of the species of 

Paphiopedilum bear solitary flowers except in a few species like 

P. glaucophyl1um, P. lONii, P. parishii, P. phillipinese, P. 

rosthschildianum and P. $tonei which produce five to six flowers 

at a time (Rao 1979). The flowering scape can be distinguished 

from the leafy stem by the presence of bracts and the 

parts. This is the most conspicous part of the leafy 

flowers are beautiful and big. It is difficult 

flowering 

stem. The 

to define 

Paphiopedilum by a particular colour as can be done with other 

orchids. The flowers are about 5 - 13 cm in width, having a 

combination of colours from yellow, green. brown. red and purple 

to white with beautiful purple and brown spots and lines. The 

flowering scape is about 28 - 34 cm long depending on the 

species. There are two sepals and three petals. Both sepals and 

petals are free. The two sepals vary in size. The dorsal or upper 

one is larger and broader than the ventral or lower one. The 

dorsal sepal resembles the petals in having blotches. The three 

petals consist of two side lobes which are spreading and a 

sessile lip or pouch called "slipper". The staminal column is 

short Sli th tSiO anthers on the underside of staminal disc and tIle 

stigma lies on the upper side of it. The ovary is ahou t. 6 cm long 
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and style is short. The elongated ovary is enclosed within a 

bract of more or less of the same length. 

The genus Paphiopeo'ilum blooms once in a year. The offshoot 

produces only one flower during its life and is said to be 

monocarpic. It is similar to the century plant (Aga~/e amer icana) 

and talipot palm (Corypha umbraculifera) where a much longer time 

is passed in the vegetative phase (Summerhayes 1968). Therefore, 

the plants rely mostly on the vegetative propagation for 

reproduction. Modern hybrids bears flower twice or more in a 

year. The flowers last for about 3 months. The cut flowers when 

kept in plain water remain fresh for about six weeks. Blooming 

takes place between September to March. Thus, due to 

extraordinary intricate colouration of flowers and other unigue 

characters which attract and fascinate people. the Paphiopedilum 

has always stood high on the list of popular orchids. while other 

varieties have gained and lost favours among growers the world 

over. 

Paphiopedilu. insigne Pfitz. 

Paphiopedilum in:5igne is a terrestrial herbaceous plant with 

small underground stem bearing roots below and a highly 

compressed leafy stem above. 

Fibrous roots are numerous and bear innumerable root hairs. 

Leaves arise from the highly compressed leafy stem. Leaves 

are smooth, linear, ligulate. sessile, acute. alternate and 

exstipulate. They are about 35-40cm long and pale green in 

colour. 

Flower is big and showy, zygomorphic. about l()cm in length 
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and I2cm in ~idth (Plate-SA). The flowering scape is about 30cm 

long. About 5cm long bract covers the young ovary. Sepals are two 

in number and lie opposite to each other. The lower sepal lies 

belo~ the pouch or lip. The upper sepal is broad and oval, it 

bends fo~ard forming a hood-shaped structure or helmet. It is 

about 5.5cm long and 3.5cm broad. The central and basal portion 

of the hood is apple green with numerous purple spots. The purple 

spots are concentrated towards the base while the apical portion 

is white. The lower sepal which lies belo~ the pouch is also 

broad and oval. It is about 5.5cm in length and 3cm in breadth. 

It is apple green with purple spots distributed in lines. The 

spots are numerous towards the base' while the apex is devoid of 

it. Both sepals are covered ~ith numerous small hairs, 

concentrated mainly on 

present only on the 

Aestivation is valvate. 

the under side. The 

upper surface of 

purple spots are 

both the sepals. 

There are three petals. Two lateral petals are spreading, 

oblong. linear. about 6cm in length and I.5cm in width with 

undulated margin. They are pale green with purple longitudinal 

veins and are covered with small purple hairs which are numerous 

towards the base and the apex, the middle region is somewhat 

hairless. The lower petal forming a pouch. is called lip or 

labellum. The outer sur.face o.f the pouch is smooth whereas the 

inner side is covered with purple veins and hairs. The purple 

hairs are concentrated towards middle and base of the pouch. The 

yellowish green pouch resembles a slipper. 

Staminode subquadrate. anthers two only and filament is 

absent. Anthers lie on either side below a staminal disc. The 
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disc acts as a barrier for the pollen to reach the stigma and 

prevents self pollination. 

Ovary is inferior, long, about 5.5cm in length and enclosed 

within the bract when young. The ovary is covered with numerous 

hairs. Style is short, stigma is only one lying above the 

staminal disc. Stigma secretes sticky fluid. Ovary is unilocular 

with marginal placentation. Ovules are numerous with bifurcated 

stalks. 

minute. 

Fruit is a pod and ribbed. Seeds are numerous and very 

Paphiopedilua villosu. (Lindl) Stein. 

P. villosum is a terrestrial herbaceous plant which sometimes 

grows on the tree trunk where dead leaves and mosses accumulate 

and provide a suitable substratum. 

The fibrous roots arise from the underground stem. They are 

less in number as compared to P. insit]ne. Roots bear numerous root 

hairs. 

Stem is distinguished into rhizome and aerial shoot , the 

latter bears leaves. The leafy stem is highly compressed so the 

leaves appear to arise from one point only, as in P. insit]ne. 

Leaves are alternate, smooth, linear, ligula-te, sessile and 

acute. They are exstipulate and loriform, 40- 45 em in length and 

equitant at the base. Leaf margin is smooth and the tip is acute 

or obscurely bilobed. Colour of the leaves is deep green on the 

upper surface and pale green on the lower. At t.he base there are 

numerous purple spots. 

Flowers are big and showy (Plate- 5B). The y a re larger than 

P. lnsit]ne. The flower is z Yeomorphic, about t5cm jn length and 





width. The peduncle is shorter than P. insigne. 

The bract covers the entire ovary during the early stage of 

development. Sepals are two in number, polysepalous and hairy. 

One sepal is present on the lower side below the slipper or lip 

and another is on the dorsal or apical region, opposite to the 

lower one. The lower sepal is slightly elongated compared to P. 

in:signe. It is pale green with green veins running parallel from 

the base to the apex. The lower sepal is about 6.5cm in length 

and 2.5cm in breadth. Numerous hairs cover the sepal. The 

hairyness 

side. It 

hood-like 

is more towards the underside compared to the upper 

is broad and oval, slightly bends forward to form a 

structure as in P. ifl:."igne. It is about 7cm in length 

and 3.5cm in width. The underside or the back side of the hood is 

immensely covered with hairs while the upperside contains hairs 

only in the periphery. The basal and central portions are devoid 

of hairs, instead, these portions are covered with purple spots 

starting from the base and extend upto the end of the mid-vein. 

The remaining part is pale green with a whitish band along the 

margin. The pale green region is also covered with hairs. 

Petals are three in number. The two lateral petals are 

spreading, elongate, oval and slightly claw-shaped at the base. 

They are longer than the dorsal sepal. The upper half of the 

lateral petal is yellowish brown while the lower half is paler. 

The base is covered with brownish purple hairs. The hairs are 

concentrated mainly towards the base and margin whereas the 

middle region is hairless. Purple mid and side veins run along 

the lobes. The lateral petals are about 7.5em in length and 1.2 

em in width. The lower petal is modified into a slipper like 



structure. It is about 6.5cm long and 1.2 - 1.5cm wide. The upper 

surface of the slipper is smooth whereas the inner side is 

covered with brown purple hairs. The hairs are numerous towards 

the base and the centre of the slipper. 

In' the flower there is an oblong staminate with a staminal 

disc. Stamens only two in number lying on the under surface on 

either side of the staminal disc. The disc forms a barrier 

between the pollen and the stigma. 

Ovary is inferior and about 6.5cm long. During the early 

stage of development it is completely enclosed within the bract 

and covered with numerous hairs. Style is short and stigma is 

one. The stigma lies on the staminal disc. It produces sticky 

fluid. Ovary is unilocular, ovules numerous and the placentation 

is marginal. Fruit is a ribbed pod. Seeds are very minute and 

numerous. 

Similarities and dissimilarities between P. insigne and 

P. villosu. 

The two species are quite similar to each other with respect 

to their overall morphological characters. Both P. insigne and P. 

vil10sum are terrestrial orchids having two types of stem. the 

underground root bearing rhizome and a leafy stem. Nevertheless. 

the major differences between the two are mainly related to the 

size of the plant, root system and number of leaves. A 

comparative account of certain important morphological features 

are given in Table 5.1. 
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Table: 5.1. Similarities and dissimilarities between P. insigne 

and P. villosu •• 

Characters 

ROOT 

(a) number 
(b) length 

(e) hairs 

STEM 

(a) Rhizome 
(b) Aerial stem 

LEAF 

(a) Morphology 

(b) size 

FLOWER 

(a) Floral 

(b) Size 
(c) Sepals 

(d) Petals 

(e) Stigma 
(f) Anther 

(g) Ovary 
(h) Seed 

axis 

P. in:::;igne 

Root number is more. 
Total root length is 
more. 
Present. 

Present. 
Present. 

Ligulate, linear, 
sessile with no spots 
at the base. 
Small (about 35-40 em 
in length). 

Solitary. longer in 
length, purple. 
Small. 
Two, apical sepal 
fringed at the tip 
with white margin. 

Three, lateral petals 
linear with undulated 
margin. Third petal 
is slipper shaped and 
smaller. 
One. 
Nonfilamentous and 
2 in number. 
Unilocular. 
Innumerable and very 
minute. 

P. .1 iII o:.::um 

Root number is less. 
Total root length is 
less. 
Present. 

Present. 
Present. 

Same but having 
purple spots at 
the base. 
Big (about 40-45 em 
in length). 

Solitary, shorter in 
length. colourless. 
Big. 
Two, apical sepal 
with smooth margin 
and ends with purple 
mid vein. 

Three. lateral petals 
oval with smooth mar­
gin. Third petal is 
slipper shaped and 
larger. 
One. 
Nonfilamentous and 
2 in number. 
Unilocular. 
Innumerable and very 
minute. 



Phenology 

Paphiopedilum is a slow growing plant propagating both by 

sexual and vegetative means. Development of new plants from seeds 

is a very slow process. The viable dormant seeds germinate in 

soil and new seedlings generally appear during the rainy season. 

Seedlings take many years to become fully matured plants (Plate-

5CI & Plate-5C2). The mature plant bears a main shoot and a few 

young lateral offshoots emerging ~rom the base of the main shoot. 

These offshoots serve as the means of vegetative propagation of 

adult plants. The new offshoot generally appears in the month of 

February and March. They grow for two to three years and then 

bear flowers. The adult plant produces one floral bud in the 

beginning of August. The growth of floral stalk is very rapid 

i1rhe beginning for about a month and then it slows down. 

Flowering continues for three months extending from September to 

November. With the onset of winter in December, distortion of 

flower starts and it continues till the end of February. By the 

end of March all the flowers become dry. The capsule development 

occurs during December to March and maturation of the pod takes 

about a year. One, two or more new offshoots arise during 

February and March after the flowering is over, from the base of 

the flowering offshoot which subsequently withers away. These new 

offshoots, later on, contribute to the vegetative and 

reproductive growth of the plant. The offshoot flowers only once 

in its life cycle, whether it has reproduced vegetatively or not. 

After the dehiscence of the capsule from May onwards, the floral 

axis starts gradually drying downwards till the whole plant dries 

(Fig. 5.2). 
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Plate - 5Cl. Different stages of growth of Paphiopedilum insigne. 

A & B: Young offshoot, C: Adult plant bearing young 

offshoot. D: Flowering plant. K: Formation of pod. 
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Plate - 5C2 . Different stages of growth of Paphiopedilum ~'illosum. 

A: Young offshoot, B: Adult plant bearing young 

offshoot, C: Flowering plant, D: Formation of pod. 

E: Death of flowering plant. 
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Anatomy 

Anatomy of various plant parts in the members of subfamily 

~~~~' ypripediodeae 

,~, tft~94). Holm (1904, 1908). Camus (1908), Fuchs & 

\AI" 
(1925) Solereder and Meyer (1930) and Cheadle (1942). 

has been investigated by Irmirsh (1853), Menecke 

Ziegenspeck 

Root: The multilayered epidermis known as velamen in 

Paphiopedilum is similar to epiphytic orchids. It is made up of 

compactly arranged unequal, polygonal, parenchymatous cells. In 

older roots, the cells of the velamen lack protoplas ts. 'l'he 

outermost layer of velamen bears unicellular root hairs which are 

much longer in P. insigne than in P. ~'i llo:..::.:um. The length of root 

hair varies from 700p in Phragmipedium caudatum to 2300p in 

Cypripedium calceolus var. pubescens. In P. insigne, mean length 

of root hairs is 2030p. 

A uniseriate exodermis is present between the velamen and 

the cortex proper. It is made of alternate long dead and small 

living cells arranged in longitudinal rows. The small livine 

cells are called passage cells. The long cells are sometimes 

thickened on all sides of the walls or only on the radial and 

tangential walls. On the basis of thickening these cells are 

called either ~O' or ~(J' type exodermis. ~U' type exodermis was 

reported by Menecke (1894) and ~O' type was reported by Rosso 

(1966) . In P. villosum the long exodermal cells retain 

protoplast. 

The cortex proper is composed of large parenchymatous cells 

of more or less equal size and acts as a storage place for 

starch. 

Uniseriate endodermi s lies below the cort,ex. DependIng on 

41 



the cell wall thickening. Solereder and Heyer (1930) classified 

the endodermis into (i) 'P' type (ii) '0' type and (iii) 'u' 

type. These cells alternate with groups of thin walled passage 

cells. 

The xylem and phloem strands are radially arranged 

alternating with each other in the vascular cylinder. The phloem 

strands are more or less circular in outline while the xylem 

strands are arranged radially in a linear fashion. The number of 

xylem strands varies between 8 - 10, depending on the age of the 

root. Although Rosso (1966) reported that the root of P. in'5igne 

maintained 10 xylem strands throughout 18 em root length, but 

only 8 xylem strands were present in P. insigne as is the case 

with P. villosum (Fig. 5.3a & Fig. 5.3b). 

Pith is well developed and is made up of parenchymatous 

cells. 

Thus, the root anatomy of these two species is similar 

L,elept for longer root hairs in P. iTI:.:::iqne. 

~ Stem: The stem anatomy of Cyripedium and Phragmipedium has 

~t)\ ~~.n described by Irmisch (1853), Pfitzer (1882, 19(3), Faber 

€I Wi (1904), Camus (1908), Holm (19(8) and Solereder & Meyer (1930). 

In the older rhizome the epidermis is hardly found. In the 

young rhizome it is present as a single layer. Trichomes and 

stomates are absent. A reduced cortex is made up of 

parenchymatous cells with intercellular spaces. The cells of the 

outer layer of tIre cortex contain brownish or yellowish 

substances. The endodermis lying below the cor-tex is composed of 

three types of cells viz .. 'p'. '0' and 'U' types (Hosso, 1966). 

The sclerenchyma band is present in the endodermis. 
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Scattered amphivasal vascular bundles are found within the 

central ground tissue. According to Cheadle (1942), the phloem 

consists of sieve tube element with simple transverse end pla·tes 

and a companion cell. Xylem is composed of only tracheids. 

The anatomy of aerial stem of Paphiopedilum is similar to 

that of rhizome. In the epidermal cells of the aerial stem, 

chloroplasts are more abundantly found near the shoot apex than 

in the adjacent cortical cells. The cortex is thicker than in the 

rhizome. Offshoot traces arise from the axil of a leaf. 

The prominent- pericycle fibres surround the vascular 

cylinder and form a sclerotic sheath. Since the stem is highly 

compressed, the nodes can be traced only by the presence of the 

leaf and branch gaps which interrupt the sclerenchyma sheath. 

Root traces are larger in size than the leaf or branch traces and 

are found mostly in the rhizome. 

The amphivasal vascular bundles of different sizes are found 

intermingled with each other in the ground tissue. Xylem consists 

of tracheids and the phloem is made up of sieve tubes and 

companion cells. The cells of the ground tissue show different 

amount of thickening. The cell walls are sclerified and contain 

coarse reticulate pits. 

Floral axis: The anatomical structures of the inflorescence 

axis are similar to that of the leafy stem, the only difference 

being the quantity and arrangement of the tissues. Diffuse 

pigments are present in both epidermal cells as well as cuticle, 

which impart a distinctive colour to the rachis. Epidermis 

consists long, multicellular pigmented trichomes. Two rows of 

vascular bundles are concent.rated towards the periphery, so the 
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pith is highly developed as in most dicot stems (Fig. 5.4a & Fig. 

5.4b). The structure of vascular bundle is similar to that of the 

stem. Thus. the major difference between the stem and the 

inflorescence axis lies in the presence of the multicellular 

hairs and a well defined pith in the latter. 

Leaf: The leaf anatomy of Paphiopedilum was studied by Mac 

H'arlane (1892) and those of Cypripedium .• Paphiopedilum and 

Phraqmipedium by Moebius (1881), Faber (1904) and Solereder and 

Meyer (1930). 

Leaf of Paphiopeo'ilum shows a single layer epidermis with 

stomatal apparatuses and trichomes in the young leaves. The outer 

layer of both the epidermis are cutinised, but the abaxial layer 

is more thickened. The stomatal apparatus is present only on the 

abaxial surface in both P. in $ i goe and P. ~I iII (,!$um (Fig. 5. 5a & 

Fig. 5.5b). Subsidiary cells are present in the stomata. Hairs 

are present only on the abaxial surface of the young leaves on 

the the apex of aerial stem. They are absent in older leaves. 

Kesophyll cells are composed mostly of spongy -tissue. The 

chloroplast in the mesophyll cells are more abundan-t towards the 

abaxial surface. There is a prominent mid vein, which represents 

the mid-rib region and a few small veinlets running more or less 

parallel to the main vein. The vascular bundles are amphivasal 

and are similar to those of the stem or floral axis. 
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Cha.pteor 6 

EFFECT OF WATERING 

Water is one of the most important environmental factor 

which determines the growth of plant. Water supply affects 

directly and indirectly every plant process; it maintains the 

turgor pressure, acts as a solvent for gases and mineral 

nutrients and helps in many hydrolytic reactions that occur in 

the plant body. 

The 

attracted 

studies 

study 

the 

show 

of importance of water in 

attention 

that the 

of a large number 

amount of moisture 

plant growth has 

of workers. These 

present 

determines growth, reproduction allocation and mortality 

in soil 

(Foulds 

1978, Cunningham et al. 1979, Seliskar 1987, Hester and Irvin 

1989); nutrient concentration and uptake (Misra and Singh 1982); 

and phenology and seed yield in plants (Muchow 1985). Mueller­

Dombois and Sims (1966) studied the effect of different water 

depths on three grasses; Calamogrostis canadensis, Andropogon 

gerardi and goeleria cristata, grown on two types of soil. 

The combined effect of nutrient and different water tables 

on shoot biomass and species composition of Cirsio-Hoiinietum 

community was investigated by Vermeer (1986). Weerakoon and 

Lovett (1986) worked on the effect of watering frequency, drought 

and nutrient supply on growth and development of Sal~/ia rer-ie:":a 

Hornem. Rahman and Rutter (1980) investigated the comparative 

ecology of De:"~/:hamsia ce:"=:pltO$a and Da /:tyl1:; qiomeFata in 

relation to waLer factor. 



Experiments of Chaghtai et ai, (1987) and Schulze et ai. 

(1987) furnished evidence that water requirement and water 

balance are important for growth and development of plants. 

Increased soil moisture affects water potential (Y p) and 

transpiration rates in ericoid shrub - Ph iII i pia e~' an;.:; i i (Everson 

and Breen 1985) and water logging affects population growth J 

reproduction and distribution in plants (Davies 1984, Etherington 

1984. Vandersman et al. 19B8). Soil texture along with soil 

moisture influence reproductive strategies of Sper gu 1 a ar ~'en;.:; i;.:: 

and Plantago maJor (Trivedi and Tripathi 1982b) and population 

growth of Galin;.:;oga ciliata and G. pan'iflora (Rai and Tripathi 

1983). 

Water stress affects growth, nitrogen fixing tissue, nodule 

growth and adventitious root development in Tr ifol ium r epen:..::: 

(Engin and Sprent 1973, Stevenson and Laidlaw 1985). It also 
~ 

affects seed germination (Heather and Hegarty 1979) and seed 

dormancy (Peters 1982) in plants. The effect of moisture stress 

and drought on biomass allocation in plants was studied by Ike 

(1986) and Roziyn and Vander Werf (1986). Role of water stress 

on soil reaction and plant distribution has been emphasised by 

Omaligo and Ene-Obong (1987) and Bauder (1989). Water deficit 

reduced dry matter allocation in sun flower (Sobrado and Turner 

1986) and affected abundance and distribution of many plan"t 

species (Schulze et ai. 1987). 

Studies on the effec t. of soil water condi -tion on "the 

terrestrial orchids are almost completely laeking and no 

published Ii terat.ure is probably available on Pciphiopedi 1 um 

in:5 1 9 n e and Pap hi (I P e,j 1 1 u m I' 1 1 1 (I ~~ IJ m . 
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This chapter discusses the results of an experiment 5et in 

the net house to study the growth response of these two orchid 

species under different soil moisture regimes. 

MATERIALS AND METHODS 

The experimental plant materials were obtained from the 

nurseries at Upper Shillong situated at 5.6 Km west of the 

Shillong city. 

The young plants of P. in:.:;:igne and P. ~/illo:..~um of 

approximately equal age were used for the experiment. Before 

setting 

length 

the experiment, growth parameters of the plant 

of the plant, length of the roots, length of the 

such as 

leaves, 

leaf area. leaf number and offshoot number etc. were measured 

and/or counted. The plants were planted in plastic pots (22 em 

diameter and 22 cm depth). filled with mixed humus and soil in 

equal proportion. The base of the pot was punctured -to provide a 

drainage hole. One plant was planted in each pot. The po-ts were 

kept in a net house whose roof and the four sides up to 1m height 

were covered with a thick transparent polythene sheet to s-top the 

entry of rain water. 

The experimental plan consisted of 4 watering treatments x 2 

species x 3 replicates x 3 four monthly observations. The 

watering treatment were - weekly watering, fortnightly watering 

and monthly watering. One set of the pots kept in open without 

any watering treatment, served as control (Fig 6.1). In each 

watering treatment, 250 ml of tap water per pot was poured at 

weekly, fortnightly and monthly intervals, respectively. The 
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.' 

control set received only rain water. 

Morphological growth parameters such as number of offshoot. 

leaf number and leaf length were recorded at monthly interval. 

Leaf area was determined by Licor-leaf area meter. Time of 

flower initiation and duration of flowering were recorded. 

Length of the peduncle and capsule was measured. 

Plants were sampled at 120, 240 and 360 days and a-t each 

sampling day. growth parameters were again measured and oven dry 

weight of each plant was determined. Besides morphological 

growth parameters and dry weight, plant growth was analysed in 

terms of relative growth rate (RGR), net assimilation rate (NAR) 

and leaf area ratio (LAR). These were computed using the 

following formulae according to Hughes and Freeman (1961) and 

Radford (1961). 

InW2 - InW1 

RGR = 

NAR = 

LAR = 

(InA2 - InA1 )(t2 -t1 ) 

Where Wl and A1 represent the dry weight per plant and leaf 

area per plant at time tj and W2 and A2 are the dry weight and 

leaf area per plant at time t Z ' respectively. 
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RESULTS 

Plants length (longest leaf and longest root) 

Watering trea-tment significantly (P <0.05) affected the 

length of both P. insigne and P. villosu~. Over a period of one 

year increase in plant length was significantly higher in 

fortnightly watering treatment with about 7.2 % increase in P. 

insigne and about 6.4 % in P. ~illosum than the control. Under 

weekly watering P. insigne showed about 2.7 % increase but P. 

vil10sum showed about 1.8 % decrease than the control. In monthly 

watering treatment, the length of plants of both the species 
, 

showed minimum value; as compared to control it was about 3.6 % 

less in P. insigne and about 4.1 % less in P. vil1osum. (Table 

6.1). 

Root number 

The root number of P. insigne and P. vil10sum increased 

significantly (P <0.05) during the first four months after 

planting, then it declined during the next four months and again 

increased till the end of the study period in all treatments. 

During one year period maximum increase (ca 17.3 %) in the root 

number of both the species occurred under weekly wa-tering 

followed by fortnightly watering (ca 10.4 % in P. insigne and ca 

7 % in P. ~I iII o$um) as compared to the control. Minimum .increase 

in root number of both the species was observed under monthly 

watering which was less than the control by about 3.4 % in P. 

insigne and about 10.4 % in P. villo$um (Table 6.2). 

Root length 

Since orchids are slow growing plants, increase in root 



Table 6. 1. Length (longest leaf + longest root) of P. 

insigne(Pi) and P. villosum(Pv). (em/plant + SEM) 

grown under different watering treatments. 

Treatments Species 

0 4 8 12 

Pi 32. 44±2.B) 74. cX,±4. 08 Z6. (XJ:t2. 51 -:s7 • ~!3± 2 • tJ.) 
Centrol 

FV 33 • 55:!: 2. ex,) ::4 • O(J:t 2. 1..)4 35. (x::>::t2.'E ::56.66±1 .45 

Pi 33. 66:t2. ex) :5. C)(::>::t2. 'E -:s7 • :3:::-:t2. 60 Z8.33±1.66 
VJeekly 
watering Fv 32.94:!:1.tI) ::::4 •. '33:t2. 4() 35. 16:!:6. 89 :3~. (Xl±2. 51 

Pi 33.62~2.80 :4.8:3",:,:7.21 Z8.66~1. 76 40.(Xl±1.73 
Fortnightly 
watering Fv 33.~3.10 35.(X)~5.13 -:s7 • 33:! 2 • tJ6 39. ()(l±2. ex) 

Pi 33. 55:t3. (x) Z4.~O~3.88 35.B3±1.16 ~!6.(X>±1.15 

I'bnthly 
watering Fv 33.612:-3 .. 52 :4. c)(>±2. e€ Z4.33±2.18 ::5. 16±6. 8'7' 



Table 6.2. Effect of watering on root formation (number/plant 

+ SEM) in P. in:5igne(Pi) and P. ~/.illo:.:;,um(Pv). 

1"0\111-£ 
Treatments Species 

0 4 8 12 

Pi '7. 55:t1. 61 9.C(>::!::1.52 9. :-5!-±2. ~53 9. 66±2.:33 
Central 

Pv 8.0C>::!::1.::5I) 9 • CO::!:: 1 • 6.3 9.:33::!::1.45 9.66::!::1.45 

Pi 7.EK>::!::1.5'3 9.0(>::!::2.C€ 9.66±1.45 11 • :~=!-::!:1 .76 
Weekly 
watering Pv 7.86±1.60 8.66!1.33 9.66±2.33 11.::::3::!::1.66 

Pi 7.9:3±2.11 8 • :3::!,±2 .. (>2 8 .. 66±2.::::~3 1O.66±2.70 
Fortnightl y 
wat.ering Fv 7.55±1.16 8.66±0.66 9. 66±1. 45 10.33±0.66 

Pi 7.55:±:2.43 8 . (x):! 1 • 73 8.66:tl.~55 9. 33:!.:O. 66 
I1::nthly 
watering Fv '7.13(>;tl.30 8.66~:O.66 9.(X):±l.52 10. 66~:O. 66 
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length within one year was less. Weekly watering significantly 

(P <0.05) increased the root length in both P. insi~7rte and P. 

villosum with an increase of about 6.5,% in P. insigne and about 

3.1 % in P. ~'i 11 osum followed by fortnightly watering treatment 

(ca 2.2 % in P. insigne and ca 1.9 % in P. villosum) 

control. The effect of monthly watering was similar to 

the control (Table 6.3). 

Offshoot number 

than the 

that of 

During one year of observation from April 1981 to April 

1988. new offshoots appeared after three months of planting in 

all the treatments. The offshoots were produced mainly during 

July to November. Both the species showed significant increase 

(P <0.05) in offshoot production under fortnightly watering than 

the control and the other treatments. The effect of weekly 

watering on offshoot production was better than the control and 

monthly watering treatments. Water stress (monthly watering) 

, significantly reduced (P <0.05) offshoot production in P. insigne 

but such a significant reduction was not observed in case of P. 

villosum (Table 6.4). 

Leaf number 

In both P. insigrte and P. ~'illosum, leaf number was 

significantly higher (P < 0 . (5) in weekly watering than -the 

control and other treatments. Fortnigh'tly watering and monthly 

watering which had similar effect, caused a decline in the leaf 

number as compared to the control. Leaf formation was higher in 

P. insigne than P. ~'illo:.:;um in all the treatments. Formation of 

new leaves occurred throughout the year without any seasonal 

pattern. New leaves appeared in the second month I.e. June after 

• 



Table 6.3. Effect of waterlng on root length (em/plant + SKM) 

in P. insigne(Pl) and P. villosum(Pv). 

Tr"eattrents Species 

Pi 
Centrol 

Fv 

Pi 
Weekly 
\IIlC\tering Fv 

Pi 
Fortnightl y 
watering Fv 

Pi 
M:nthly 
watering Fv 

o 

43. ::::':::-:tf) • 83 

41.:33±1. 76 

43. IX>::t 1 • 53 

41 • ex:>:!: 1 • ()) 

43.33:t1.20 

41 • 3:!-:tf) • 88 

43. (x"->::t<) • 88 

41.33~9·88 

r: ., 
;) .:. 

f"O\fTHS 

4 8 

44 • (l(>::t 1 • 00 45. ;:.(>::to. B:3 

42.66±1.45 4.3. B3± 1. 48 

45. <X>::t1 .15 47. 33:t1. 45 

43.33:t1 •76 45 • ex:>::!:: 1 • S!. 

44 • 66:.t<) • 88 45.66:t1.CX) 

43. (x:>:!: 1 • 00 44. 66j:<). 00 

44. B3;tO. 93 45. 33j:<) • 66 

42. 66±<). 00 4-3. 66±<). 00 

1'-:· .... 

46. (X)-H). 58 

44.66:t1 •45 

49. IX>::t 1 • 73 

46 . .,.....,. 1 ~-•. ':: .. ':;.± •. .::' J 

47. (x:':! 1 • (x) 

45 • ~:5(>::tO • Ell 

46. (x:':!! • 15 

44. 66±<) • 88 



Table 6.4. Effect of watering on offshoot formation (number/plant + SEM) in 

P.lnslgr,e(Pi) and P. ~/illo;.:;:um(Pv). 

1I0NTHS 
Treatlents Specles 

/I J J A S 0 H 0 J F 1\ A 

Pi I.SS~O.19 I.S3tO.19 I.BBtO.22 1.99tO.19 2.16tO.20 2.16tO.20 2.33tO.33 2.33tO.33 2.66tO.33 2.6btO.33 2.6btO.33 2.b6tO.33 
Control 

Pv I. 44tO .29 1.44tO.29 1.77~O.ll 1.BBtO.l1 2.00tO.OO 2.00tO.OO 2.00tO.OO 2.33tO.33 2.66tO.33 2.66tO.33 2.botO.33 2.botO.33 

G'1 Pi 1.eetO.29 l.88tO.29 2.!OtO.40 2.2!tO.44 2.6otO.33 3.00tO.OO 3.00tO.OO 3.00tO.OO 3.00tO.OO 3.00tO.OO 3.00tO.OO l.OOtO.OO 
.4- Weekly 

lIatenng Pv !.55tO•4O !.55tO.40 Z.!!!!).l! 2.55tO.22 2.83tO.SO 3. 49tO.16 3.49tO.lb 3.49tO.lb 3.b6tO.33 3.bbtO.33 3.6otO.33 3.66tO.33 

Pi t. 55tO. 4O 1.5StO.40 1.99tO.50 2.44tO.72 3.lotO.16 3.66tO.33 3.66tO.33 3.6btO.33 3.b6tO.33 3.66tO.33 3.66tO.33 3.b6tO.33 
Fortnightly 
utering Pv 1. 77tO. 40 !.77tO.40 2.S5tO.ll 2.99tO.19 3.16tO.50 3.66tO.33 3.83tO.50 3.83tO.50 4.33tO.33 4.33tO.33 4.33tO.33 4.33tO.33 

Pi 1.66tO•19 1.66tO.19 2.05tO.22 2.10tO.29 2.33tO•33 2.33tO.33 2.33tO.33 2.33tO.33 2.6btO.33 2.b6tO.33 2.b6tO.33 2.66tO.33 
lIonthly • 
Matering Pv 1.44tO•ll 1. 44tO. 11 1.bbtO.19 1.88tO.l1 2.33tO.33 2.33tO.33 2.33tO.33 2.44tO.16 2.bbtO.33 2.66tO.33 2.bbtO.33 2.6btO.33 



Table 6.5. Effect of watering on leaf formation (number/plan-t 

+ SEM) in P. insigne(Pl) and P. villosum(Pv). 

IIONTHS 
Treahenh Spec ies 

" J J A S ° N D J F " A 

Pi 6.66 7.77 8.10 8.55 10.46 10.46 10.99 10.99 12.00 12.00 12.00 12.00 
Control :0.83 :1.28 :1.23 :1.28 to .11 to. 1 I to. 27 :0.27 to.OO to.OO to.OO :0.00 

Pv 6.22 6.97 7.11 7.22 7.83 7.83 7.B3 7.83 7.83 B.OO 9.00 9.67 
to .tt to. 34 :0.29 :0.22 to.5O to.SO to.50 :0.50 :0.50 !,.0.5B :1. 00 :0.33 

Pi 6.BB 7.66 8.11 B.61 10.66 It.50 11.50 12.00 13.33 13.33 14.3.3 15.33 
Weekly t l•49 tl. 3B t 1.60 t1.47 to.OO to•4O to. 4O t l•OO tl.20 tl.20 tJ.20 t l•77 
watering Pv 6.B9 7.33 7.66 8.00 8.66 9.16 9.66 9.66 10.00 11.00 11.00 12.33 

to•4B to.51 to.5B :0.38 to•66 :0.16 to.33 :0.33 to. 57 tl. 53 tl. 53 tl. 86 

Pi 6.11 6.55 6.77 7.33 B.33 8.66 B.66 9.33 10.33 10.33 11.33 11.33 
Fortnight! y t o•51 to. 4O to•29 to.38 :0.33 :0.33 :0.33 :0.67 t1.20 :1.20 t1.43 :1. 45 
watering Pv 5.22 6.11 6.44 6.88 7.16 7.66 7.66 7.66 8.33 8.33 8.33 8.33 

:0.11 :0.11 to.29 to. 4O to.50 to•33 !,O .33 :0.33 :0.89 :0.89 to. 99 to•89 

Pi 5.98 6.44 6.8B 7.10 8.49 8.49 S.49 S.49 9.67 9.67 10.33 10.33 
Plonthly to.SO 0.91 to•94 :1.09 to .13 :0.13 to .13 to .13 t1. 4S !,1.45 !.2.03 :2.03 
Mitering Pv 6.11 6.55 6.66 6.99 7.49 7.49 7.93 7.83 9.00 9.00 9.67 9.67 

:0.48 to.58 to•5O to. 69 to.6S to•68 t 1.t7 t 1.17 to.59 to. 59 to.99 to•99 



Table 6.6. Effect of watering on leaf length (em/plant + SEM) in 

P • i TI S i 9 n e ( Pi) and P. ~I ill 0;':;: U m ( Pv) . 

110NTHS 
Treatunts Species 

II J J A S 0 N D J F II A 

Pi 131.00 132.00 132.33 133.00 134.00 134.66 135.33 136.00 136.33 137.00 137.66 139.33 
Control +4.93 !,4.73 !.4.67 !.4.1b !.4.3b !,4.41 !,5.05 !.4.73 !,5.05 !,4.73 !,4.81 :,4.48 

Pv 132.33 133.66 135.00 135.33 137.33 138.00 139.00 139.66 140.33 141.33 143.00 144.66 
:.4.33 :.4.91 :.4.62 :,4.63 !,4.b7 !,4.62 !,4.93 :.4.91 !4.91 :.5.81 !,6.0:) :.5.78 

0' Pi 132.00 134.00 135.00 136.00 137.66 138.66 139.00 140.00 141.00 141.66 143.33 145.00 
rJ"; Weekly :,12.01 !,l1.51 !.11.02 :.11.01 :,11.21 :.11.69 !,11. 07 !tl. bO !,H.bO !1l.27 !,11. 47 !,11.25 

watering Pv 133.33 135.00 13b.83 137.00 138.33 139.66 140.33 141.66 143.00 145.00 147.33 148.66 
:,13.34 !..14.02 !14.34 :,13.51 !,12.87 !..12.79 !..12.40 !..12.79 :,12.13 !..12.b7 !..12.40 :,12.34 

Pi 133.66 135.16 135.91 138.50 141.83 143.83 145.50 146.83 148.50 149.83 151.83 154.66 
Fortnightly !,4.10 !,4.38 !..2.97 ~3.75 ~3.81 :.4.11 ~3.75 :.4.15 !..4.19 !..4.19 !,4.51 !,4.85 
lIatenng Pv 131.33 133.6b 136.00 139.00 141.00 144.33 146.33 148.00 151.00 152.66 155.66 158.33 

:.2.40 !.2.18 !.1. 00 :1.00 :.2.08 :.1. 45 !..1.20 !..1.33 !,1.00 !,t. 76 :.I.bb !..1. 85 

Pi 131.00 133.00 135.00 136.66 137.33 138.66 139.66 140.00 140.33 141.00 141.66 143.66 
~onthl'{ !,9.72 !,10.t6 !2.51 !,9.95 !,9.78 :.9.71 !..9.71 !,9.46 !.9.39 !,9.65 !,9.91 !,9.81 
watering Pv 132.66 133.66 135.00 137.33 138.00 140.00 140.66 141.33 142.33 143.00 144.00 144.66 

!,2.02 !,1.8S !,2.51 !..2.1 B !..2.64 !,2.00 !..2.40 !,2.18 !,2.n !..2.51 !:3.05 !,2.8S 



Table 6.7. Effect of watering on leaf area (cm2/plant ± SEM) in 

P • i n :s i q rt e ( Pi ) and P. viI 1 o;.~ 1.1 m ( Pv) . 

1'I0NTHS 
Treat.ent Species 

1\ J J A S 0 N D J F /1 H 

Pi 323.54 32b.05 326.88 328.56 :m.07 332.74 334.41 336.09 336.92 337.76 340.27 3«.44 
Control t 12 •39 t 1l. a7 til. 72 tl0.46 !.10.9S !.ll. 08 t 12.67 tl1.87 ~)0.28 :t11. 08 !,12.08 tl1.87 

Pv 417.42 421.74 426.06 427.14 433.62 435.78 439.02 441.18 443.34 446.58 451.98 457.38 
!.14.05 !,IS.92 !,14.98 !,15.02 !.15.13 :t14.98 :t16.00 :t15.92 :t15,92 :t18 •B5 !,IQ.73 t 1E•75 

C» Pi 326.05 331.07 333.58 336,09 340.27 342.78 345.29 347.80 350.31 351.98 356.17 360.77 
--l lIeekly :t3O .15 :t28•9O t..27 .6B :t27.64 !,28.14 !,29.35 !.29.46 t3O. 78 !,30.78 +29.95 ~:30. 46 !.30.29 

watering Pv 420.66 42b.06 428.22 432.54 436.86 «1.18 443.34 447.66 451. 98 458.46 466.02 470.34 
t43 •25 !,45.45 !,44.37 !,43.80 t41.72 t41.47 :t4O •18 !,41.47 !,39.32 :t41. 07 t 4O •32 !,40.35 

Pi 330.23 334.83 339.01 343.20 346.13 351.15 358.26 360.17 3bb.62 371.64 376.66 383.77 
Fortnightly :t1O .29 ttl.67 :t11.61 :t1O •1b tl1·20 !.10.46 !,10.31 tll.S2 t 1O.62 !,1l.24 :t12 •O! !,12.83 
lIatering Pv 414.18 421.74 429.30 439.02 44S.50 456.30 462.78 469.26 477.90 483.30 493.02 501.66 

t7•79 t7.09 t3.24 t3.02 t6•75 !,4.71 !,3.89 !,J.89 !,3.24 !,5.72 !,5.40 !,b.02 

Pi 323.54 328.56 332.74 337.76 339.43 342.78 345.29 346.13 34b.96 348.64 350.31 355.33 
lIonthly !,24.40 !,25.50 !26.36 !24.97 !,24.S5 !,24.37 !,24.37 !,23.75 !,23.58 !,24.23 !,24.89 ±.24.62 
watering Pv 418.50 421. 74 426.06 433.62 435.78 442.26 444.42 446,58 449.82 451.98 453.06 457.38 

!.6.57 !,b.02 !.8.16 !.7.09 :t8.58 !.b.48 !,7.79 !.7.09 !.B.B5 !.8.16 !,8.65 !.9.23 



Table 6.8. Effect of watering on the length of floral 

stalk (cm/plan-t ±. SEM) of P. in::::iqnp. (Pi) and 

P. villo;5um (Pv). 

I'IOHTHS 
Trl!ahl!nts Spl!cil!s 

A 5 0 H D J 

Pi 13.b2!,O.37 20.75tO•25 25.75tO.50 27. 12tO.37 27.12!,O.37 27. 12!,O.37 
Control 

Pv 14. 25t!. 75 2!. SO!,l. 25 26.00tl.00 26.87tO•87 26.87tO.87 26.87!.O.87 

Pi 14.B7!,O.b2 23.50t1.OO 26. 87!,O.B7 29.62!.O.12 29.62!./).12 29. 62!./).12 
Wl!l!kly 
Matering Pv 15.12t1.37 21.37!O.62 25 .12!,O. 62 26.l2tO. 87 26.12!.O.87 2b· J2tO.!l7 

Pi 16.B7~J.BB 23.62tl .37 2B.l2!,O.B7 29. SO!,!, 25 29. 50!.!. 25 29.50t1. 25 
Fortnightl y 
watering Pv 16. 75!,O. 75 22.37!.O.12 26.B3!.O.17 27.75tO.25 27.75tO.25 27.75tO.25 

Pi J5.50!,0.50 19.75t1.25 2!.b2!.1.62 22. 75t2. 75 22. 75!.2. 75 22.75t2.75 
Plonthly 
watering Pv n. 37tO.B7 19.00tO.25 22. 75tl. 00 23. B7tO.B7 23.B7t O•B7 23.87tO•B7 
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planting and it kept on increasing till the end of the experiment 

(Table 6~5). 

Leaf length 

Increase in total length of the leaves per plant in both the 

species was significantly higher (P <0.05) in fortnightly 

watering (ca 11.00 % increase in P. insigne and ca 9.4 % in P. 

v i I Iosum than the control). followed by weekly watering (ca 4.1 % 

increase in P.. ins i 9 n e and c a 2. 8 % in P.. ~I i 11 (I:;:; u III ). Growth in 

length occurred throughout the year, though it was slow during 

the first four months. In monthly watering the response of P. 

villosum was similar to that of the control, while in P. insigne 

it was better under monthly watering as compared to the con-trol 

(Table 6.6). 

Leaf area 

In both the species leaf area increased significantly (P 

<0.05) in fortnightly watering as compared to control. It also 

varied significantly (P <0.05) between P. insigne and P. I'illosum 

being higher in the latter than the former. Monthly watering 

severely arrested the growth of leaf area in both the species 

(Table 6.7). 

Flower 

the 

Water 

floral 

stress significantly reduced (P <0.05) the growth of 

stalks of both P. insigne and P. villosum. During 

August 1987 each plant which was having ei-ther one or more 

offshoots, produced one flower bud. All watering treatments 

except monthly treatmen-t had little effect on the growth of 

floral stalk in both the species. Normally, P. insigne possessed 

longer stalk than P. ~I i 11 o~~um, but under monthly watering. length 



of the floral stalks of both the species was significantly 

reduced to about the same length (Table 6.8). Size of the flower 

was not affected by watering in both P. insigne and P. villosum. 

Root/shoot ratio (total root length/total shoo-t length) 

Watering treatments affected root/shoot ratio (Table 6.9). 

The values showed that weekly watering enhanced root leng-th while 

fortnightly watering enhanced leaf length thereby causing 

ratio in the former and lower ratio in the latter. 

higher 

Monthly 

watering adversely affected both the above and belowground parts. 

Root/shoot ratio in this treatment after 12 months was similar to 

control. 

Dry weight 

Total plant dry weight attained a peak under fortnightly 

watering in both the species while the minimum value was observed 

under monthly watering. During the study period, dry weight 

registered an increase in all the treatments, except under 

monthly watering where increase was negligible (Fig. 6.2). Total 

dry weight was significantly higher in P. villosum than P. 

in$igne in all the treatments. 

Growth analysis 

Watering treatments significantly affected the relative 

growth rate (RGR) of P. insigne and P. villo:.::um. RGR was higher 

under fortnightly watering in both the species as compared to the 

rest of the treatments including control. Between the two species 

RGR was higher in P. ~'illo:~um. In all the treatment RGR 

increased linearly with time until four months after which the 

increase was slowed down and became almost constant till the end 

of the experiment, with an exception in P. villosum under monthly 
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Table 6. 9. Root/Shoot Length Ratio of P, iT):.':; 1 g,., e ( Pi) and 

P. ~/il1o:z;um(Pv). 

MON'l'HS 
Treatments Species 

4 8 12 

Pi 0.33 0.33 0.33 
Control 

Pv 0.32 0.32 0.32 

Weekly Pi 0.33 0.34 0.34 

watering Pv 0.32 0.32 0.31 

Fortnightly Pi 0.32 0.31 0.30 

watering Pv 0.30 0.30 0.28 

Monthly Pi o. :i2 0.32 0.32 

watering Pv 0.31 0.30 0.32 
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watering (Fig.6.3). 

The trend of NAR and LAR was similar to RGR in both the 

species (Fig 6.4, 6.5). 

DISCUSSION 

The growth and development of P. in:"igTle and P. ~/illo$um was 

greatly affected by watering, although both the species could 

survive under varying soil water regimes. Root and offshoot 

formation in both P. iTl;::::igTle and P. ~/illo:..=;um showed a distinct 

seasonal pattern in control as well as under different watering 

treatments. Root system showed good growth during rainy season 

(Hay-August) after which it declined during September-December. 

The growth resumed again during January-April. 

between July and November was favourable for 

The period 

,the offshoot 

production, this was followed by a period of dormant stage from 

January to the end of the experiment in April. 

Unlike offshoot, number of leaves showed a continuous 

increase through out the year without any marked seasonality. 

Both these species required relatively higher soil moisture (ca 

32%) for the formation of larger number of leaves than the 

offshoots which showed better growth when soil moisture was about 

22%. 

A marked increase in root number and root length under 

weekly 'watering indicated that high water content in the soil (/,:a 

32%) enhanced root formation which eventually con'tributed to the 

increase in root length of the plant. 

Greater offshoot production and higher leaf length and area 

under fortnightly watering in both the species sugges't that for 
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these growth parameters, relatively less amount of water in soil 

(ca 22%) favoured their growth. 

Decline in soil moisture level suppressed the length of 

leaves as well as root in both the species in a similar fashion. 

Heather and Hegarty (1979) observed that moisture stress affected 

the growth of radicles in seedlings of som~ vegetable crops. 

Sobrado and Turner (1986) reported that water deficit reduces 
.. 

whole plant components beginning from the root to the 

reproductive parts. The results also conforms the finding of 

Stevenson and Laidlaw (1985) in Trifolium repen:.:::: where root 

growth was highly affected by drought stress. Minimum offshoot 

production under monthly watering may be due -to suppression of 

bud formation as reported by McIntyre (1976) in the rhizome of 

Agropyron repens. 

Growth of reproductive organs such as floral stalk was 

markedly suppressed in P. in:.::::iqne under monthly watering than P. 

villosum indicating thereby that in the former it was more 

adversely affected by water stress than in the latter. Flower 

initiation and timing of flowering did not vary from the control 

but the duration of flowering varied markedly between control and 

watering treatments. In control, flowers faded early (November) 

than in monthly watering treatment. In fortnightly watering 

flowers lasted till the end of December and in weekly waterin~. 

till the first week of January. 

Dry weight of both the species was highest in fortnightly 

watering whereas the lowest value was recorded in monthly 

watering. This is in agreement with the finding!'; of Omaligo and 

Ene-Oblong (1987) who reported that water stress reduced the 
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total biomass production in Anthephora ampulacea. Similar 

findings have been reported by Yadav and Tripathi (1985) in case 

of Eupatorium adenophorum and E. riparium under low soil 

moisture. 

Although root formation was more in P. insigne, total 

weigh-t was higher in P. ~I i 11 o:.~um probably due to greater 

area. 

dry 

leaf 

RGR in plants depends on NAR and LAR (Briggs, Kidd and West 

1920). Thus higher NAR and LAR in fortnightly watering was 

responsible for greater RGR under this treatment. Since both 

these growth analyses measures had higher value in P. ~I iII osum , 

its RGR was higher than P. insigne indicating that higher LAR, 

NAR and RGR were ultimately responsible for greater dry matter 

accumulation in P. villosum. 

Monthly watering where soil moisture range between 14% and 

16%, adversely affected all these growth analysis parameters 

resulting into a marked decline in the dry weight of the plant. 

The effect was however, more prominent in case of P. ~I i 11 OSUIlt 

whose dry weight decreased below the level of control plants in 

the last sampling. 

Too much of watering leads to the loss of aeration in most 

orchid roots (Kataki 1974, Rao 1979, Rittershausen and 

Rittershausen 1984). Jones and Etherington (1970) reported that 

£r-ica cinerea and Erica tetrali_~-- were rapidly killed by water 

logging and E. cinerea was more severely affected than E. 

tetral i_);-. This might be the reason for poor growth performance in 

weekly watering where soil moisture content varied between 31%­

and 33% during the study period. 
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EFFECT OF SUBSTRATE QUALITY 

Soil is one of the most important environmental factors 

which affects growth and development of plant,s. Plant 

characteristics are very much influenced by the soil properties. 

Germination, growth and distribution, size and vigour of the 

vegetative organs, stem woodiness, depth of the root system and 

date of appearance of flowers are influenced by the soil 

properties. The land plants are strongly influenced by soil 

vV'qualities and they exhibit differences in theIr distribution 
{J--~ 

~,~ 'uvPattern and growth behaviour (Arora-1964, Mishra 1966, Pandaya et 

~ Val. _~~_68, S"arup eta 1. 1954, Saksena IH55~~Sha~ 1967 ,- --; 968 , 

Kalpage 1974, Hume and Cavers 1983, Davies 1984). Mooney (1966) 

reported the influence of different soil types on the 

distribution pattern of two closely related species of Erigeron. 

Gulmon and Turner (1978) observed differences in growth 

performance of root and shoot of tomato (Lycoper:.o;icum esculentum) 

grown in different soil conditions. Studies on the effect of 

porosity and organic matter content of soil on the presence or 

absence of Plantago species were carried out by Noe and Blom 

(1981). Soil texture has been shown to affect reproductive 

efforts of the plant species (Trivedi and Tripat.hi 1982b, Hai and 

Tripathi 1983). 

In case of orchids, importance of mycurrhizal association on 

their growth and development have been reported by many workers. 

Ka tiyar eta 1 • (1986) reported that all tIle terrestrial and 



epiphytic orchids, except those with hanging roots which are not 

in contact with the bark, are infected by mycorrhiza. Under 

natural condition, orchids may be infected by a fungus through 

out its 
') 

M\.s$I~C, 
life or may become independent at maturity (Bernard and 1'1/ • 

'/ ... '-- ~/'( 
Ardi tti 1973).\ Fungi helps in.~; /\ , . 

Burgef! \ 1909, Summerhayes 1968, -----absorption of organic matter and nutrients (Campbell 1963, 
(j 

Smith 

Little Hork has been done to understand the groHth behaviour 

of orchid species in relation to their habitat conditions (Bose 

and Bhattacharjee 1980, William et ai, 1985). Hegde (1982) gave 

an account of habitat - distribution of both terrestrial and 

epiphytic orchids of Arunachal Pradesh. Gupta and Singh (1986) 

studied the growth of P, viilo$um and Dendrobium mos:chatum on 

different potting media. 

In vieH of the little amount of Hork done on orchids in 

relation to soil conditions, an experiment Has conducted to study 

the effect of different types of substrates on the groHth 

performance of P. in:.:::iqne and P. ~'illo:su11t. The findings of this 

experiment are discussed in this chapter. 

MATERIALS AND METHODS 

One young plant wi-th 4 - 5 leaves and one small offshoot was 

planted in each experimental plastic pot in April 1988 (21cm 

diameter and 21cm depth) in the following six types of potting 

media. 

Treatment 1. Mineral soil 

Treatment 2. Mineral soil and humus - 3 1 propor"tion 



Treatment 3. 

Treatment 4. 

Treatment 5. 

Treatment 6. 

Mineral soil and humus 

Mineral soil and humus 

Humus 

1 

1 

1 proportion 

3 proportion 

Mixed litter (Pine & Broad leaved). 

The mixtures were thoroughly mixed before filling in 

The experimental layout included experimental pots. 

the 

6 

substrates, 2 species, 4 replicates and 1 harvest. Moisture 

content, pH and nutrient content (total nitrogen, phosphorus and 

potassium) of each potting media were analysed in the beginning 

and results are given in Table 7.1. 

The experiment was conducted in an unheated net house of 5m 

x 3m size. The four sides of the net house were covered up to 

one meter height from the ground level with a thick transparent 

polythene sheet, in order to protect the pots from the splashing 

rain water but the pots received water from top during the rainy 

season (May-September). During dry season (October-February) 

each pot was watered with tap water at 10 days interval. Care 

was taken to protect the plants from weeds, insects, pests, small 

animals etc. Monthly observations were taken for the growth 

parameters of shoot and the experiment was conducted for one year 

period from April 1988 to April 1989. The plants were harvested 

in April 1989, their growth parameters were recorded and finally 

dry weight was determined after drying the sample in a hot air 

oven at 80·C for 24 hours. Growth analysis of the plants was 

also carried out by calculating LAR, NAR and RGR according to the 

formulae given in Chapter 6. 
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Table 7.1 . Physico-chemical characteristics of different 

potting media at the time of planting of 

P • ins i 9 n e and P. ~I ill o:.~ U,.. . 

Treatment Mineral I-Urus ttlisture ~ Nitrogen PtDsptKJrus Potassium 
soili. i. Ccntent Ccntent Ccntent Ccntent 

(v/v) (v/v) f. ng g-1 ng g_1 ng g-1 

Mineral 100 0 9.10 6.10 0.0172 0.(f.20 0.268 
Soil 

1"S-+tU 75 2S 11.91 5.59 0.0162 0.015 0.:;;:"06 
(3: 1) 

1YS-+tU ~ ~ 5.84 5.44 0.0107 0.020 0.:255 
(1: 1> 

IYS-+tU :z5 75 18.68 4.96 O.IE..:.G 0.016 0.157 
(1 :3) 

...... IITUS 0 1t~) 36.02 5.61 0.0:3a3 0.0:28 0.202 

Litter 0 1t"X) 14.21 4.00 0.0291 0.019 0.206 

MS - Mineral Soil ~ HJ - ...... I(rl..ls. 
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RESULTS 

Plant length (longest root and longest leaf) 

Both P. insigne and P. villOSUlft showed maximum length in 

humus and" minimum in mineral soil (Fig. 7.1a). Plants in the 

mineral soil plus humus (1:3) and litter did not show any 

significant difference. In the potting media containing mineral 

soil and humus in 3:1 and 1:1 proportions, the plant length was 

close to the minimum value. Although both the species showed 

highest increase in length under humus, growth of P. insigne in 

general was better than P. ~'illosum, in all the treatments. (Fig. 

7.1b). 

Root number and root length 

P. Humus favoured root growth of both P. insigne and 

vil1osum. Both root number as well as root length 

significantly higher in this medium than the mineral soil 

was 

where 

root number in both the species was minimum (Fig 1.2a and Fig. 

7.3a). The root growth of P. insigne was better than P. villosum 

in all the treatments (Fig. 7.2b and Fig. 7.3b). 

Offshoot production 

New offshoots developed from the mother plants after two 

months of planting. P. insigne produced offshoot a little 

earlier than P. ~'i I 1 osum. In litter also offshoot formation was 

delayed in· P. ~'i I 1 osum. Under 1: 3 ratio of mineral soil and humus 

and under humus, offshoot production was very slow in both the 

species, where it started in September. After September, no new 

offshoot was produced till March, in any treatment. It again 

started after March in all the treatments (Table 7.2). ANOVA of 
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Table 7.2 . Effect of different substrates on offshoot production 

(number/plant + SEM) in P. insigne and P. ~/il1osum 

"ONTH5 
Treataent Species 

" J J A 5 0 N D J F " A 

Pi 1.25 1.25 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.75 2.00 
145 to.25 to•25 to.2S t o.2S to.2S t o•2S to.2S to.2S to•2S to•2S to. 25 to. 00 

Pv 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 2.00 2.00 
t o.25 to.25 to•2S ,to.2S to.2S to•2S to.2S to.2S to•2S to. 2S to.OO to.OO 

Pi 2.00 2.00 2.25 2.25 2.75 2.75 3.25 3.25 3.25 3.25 3.50 4.00 
ftS+HU to.OO to.OO to•25 to.25 to•47 to. 47 to. 47 to•47 to. 47 to. 47 to.2S to.OO 
(3:11 Pv 1.50 1.50 1.75 1.75 2.25 2.25 2.25 2.25 2.25 2.25 2.75 3.00 

to.2S to.2S to.25 to.2S to.2S t o•25 to.25 to.25 t o•25 to•25 to.25 to.OO 

Pi 1.75 1.75 2.00 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.75 3.00 
1f5+HU to.25 to.25 to.OO to.25 t o.25 to.25 to.25 t o.25 to.25 to.2S to.25 to.OO 
(1,1) Pv 2.00 2.00 2.25 2.25 3.00 3.00 3.00 3.00 3.00 3.00 3.50 4.00 

to.OO to.OO to. 25 t o.25 to.OO to.OO to.OO to.OO to.OO to.OO to.2S to.OO 

Pi 2.00 2.00 2.00 2.00 2.50 2.50 2.50 2.50 2.50 2.50 3.00 3.00 
IfS+HU to.OO to.OO to.OO to.OO to.2S to.2S to.2S to.2S to.2S to•2S to.OO to.OO 
(1:3) Pv 1.50 J.50 1.50 1.50 2.25 2.25 2.25 2.25 2.25 2.25 2.50 3.00 

to.2S to.2S to.2S to•2S to.47 t o•47 to. 47 t o•47 to. 47 to. 47 to.2S to.OO 

Pi 1.50 1.50 1.75 1. 75 2.25 2.25 2.25 2.25 2.25 2.25 2.50 3.00 
HUlus to•2S to.2S to•47 t o•47 to.25 to.25 to.25 to.25 t o.25 to•25 to.2S to.OO 

Pv 1.50 1.50 1.50 1.50 2.50 2.50 2.50 2.50 2.50 2.50 2.75 3.00 
to.2S to•2S to.2S to.2S to.2S to•2S to.2S to.lS to.2S to.2S to.2S to.OO 

Pi 2.00 2.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.25 3.2S 
litter to.OO to.OO to. 7O to•7O t o•7O t o•7O to. 7O t o•7O t o•7O to•7O to.62 to.62 

Pv 1.75 1. 75 1.75 1.75 2.75 2.75 2.75 2.75 2.75 2.75 3.00 3.25 
to.2S to.25 t o.25 to.25 to•47 to. 47 to. 47 to.47 t o•47 t o•47 to. 4O to.2S 

Pi - Paphi opedi 1 WI insigne,: Pv - Paphiopedilum l'illo$u1II. 
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data showed that offshoot production was affected (P <0.05) by 

soil conditions and it significantly varied (P <0.05) between the 

two species. 

Leaf number 

Leaf number per' plant was greater in humus in both the 

species. Although soil condition significantly affected (P 

<0.05) leaf number of both the species. the difference between 

the two species in this regard was insignificant. For both the 

species. mineral soil provided most unfavourable medium for leaf 

production. Like offshoot, new leaves were observed two months 

after planting (July) and flushing continued till October, after 

which it stopped during winter season and revived again with the 

coming of spring (Table 7.3). 

Leaf length and leaf area 

Total leaf length per plant in both P. insigne and P. 

vil1o;sum was 

part mineral 

significantly 

greater when humus was abundant in the 

soil 3 parts humus). Thus 

affected leaf length. obviouslY had a 

medium (1 

soil which 

significant 

effect (P <0.05) on leaf area as well. Leaf length and leaf area 

of both the species showed significant increase (P <0.05) in 

mineral soil-humus (1:3) mixture than other media (Table 7.4). 

Leaf area among the two species varied significantly (P <0.05) 

but its increase did not exhibit any seasonal trend, rather it 

continued from the beginning till the end of the experiment 

(Table 7.5) . In all the treatments. P. ~I iII 05um showed 

significantly higher (P <0.05) leaf length as well as leaf area 

than P. insigne. 
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Table 7.3 . Effect of different substrates on leaf (number/plant + SKI 

production in P. insigne (Pi) and P. ~'illosum. (Pv). 

IIDNTHS 
Trn.tlent Species 

" J J A S 0 N D J F " A 

Pi 5.00 5.00 6.25 6.25 7.25 7.25 7.25 7.25 7.25 7.25 7.50 7.50 
liS to.4O !.0.40 !.1.03 !.1.03 !.1.03 !.1.03 t1.03 tl.03 t l •03 t 1•03 to•9B to. 9B 

Pv 5.25 5.25 5.25 5.25 5.25 5.25 5.25 5.25 5.25 5.75 6.25 6.25 
to. 75 !.0.75 to.75 to•75 to•75 !.0.75 to. 75 to•75 to•75 to.25 to•47 to.47 

Pi 6.00 6.00 6.00 6.00 7.00 7.00 7.75 7.75 7.75 7.75 8.50 9.00 
IfS+HU to•91 !.O.91 to.40 to.40 t l .22 !.1.22 tl.31 t1.31 tl. 31 !.l.:U to•8b to. 91 
(3:1) Pv 5.50 5.50 6.00 6.00 7.50 7.50 B.25 8.25 8.25 8.25 8.25 8.25 

t1.19 tl. 19 tl.OO t l •OO !.1.25 t 1•25 to•94 to•94 to•94 to•94 to•94 to. 94 

Pi 5.50 5.50 6.00 6.00 6.75 6.75 b.75 6.75 6.75 7.50 8.50 9.00 
IIS+HU t1.04 t1.04 to.91 !O.91 to•75 to•7S to.75 to.7S to•75 !0.86 to•86 to.57 
(111) Pv 5.50 5.50 7.00 7.00 8.25 8.25 8.75 8.75 8.75 8.75 8.75 8.75 

to•64 to•b4 to•4O !0.40 to.25 to•25 to•47 to.47 to•47 to. 47 to•47 to. 47 

Pi 6.25 6.25 6.25 7.25 7.25 7.25 8.00 B.OO 8.00 B.OO 9.00 9.00 
"S+HU to•55 to.55 to.55 to•72 to. 72 to.72 tl.08 t l •08 t l •OB tl. OB tl.OB tl.OB 
(3:1) Pv 5.50 5.50 5.50 5.50 7.00 7.00 7.75 7.75 7.75 7.75 B.OO B.75 

to•B6 !,0.86 !0.B6 to•86 t1.15 tI.l t 1.37 !,1.37 tl. 37 t 1.37 t l •22 to.85 

Pi 5.50 5.50 5.50 5.75 7.25 7.25 7.75 7.75 7.75 7.75 9.25 9.75 
HUlus to.74 to. 74 to.74 to•75 to•75 to•75 to.62 to•62 to. 62 to.62 to•47 to.25 

Pv 5.25 5.25 6.00 6.00 8.00 8.00 S.OO 8.00 8.00 8.00 8.75 S.75 
!0.S5 to.S5 to•7O !.0.70 to•7O to.7O !0.70 to•7O to. 7O to. 70 t1.IO tl. 10 

Pi 5.50 5.50 6.00 6.00 6.75 6.75 7.00 7.00 7.00 8.00 8.75 B.75 
Litter to.74 to•74 to•4O to•4O to.BS to.SS to.S1 to.SI to•S1 to•4O to. 47 to•47 

Pv 5.25 5.25 6.00 6.00 7.75 S.25 8.25 8.25 8.25 • 8.25 8.50 8.50 
to•94 to•94 to•7O to. 7O tl.l0 t1.10 tl.IO t1.10 t1. 10 t 1.l0 to. B6 +0.B6 - , 

" 
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Table 7.4 . Effect of different substrates on leaf length (em/plan 

+ SEK) in P. inSigne (Pi) and P. ~/illo:..::um (Pv) • 

HONTHS 
Treitlent Species 

,. J J A 5 0 N D J F A 

Pi 113.S7 116.00 116.50 117.50 IIS.25 119.25 120.00 120.75 121.50 122.50 122.75 124.00 
"5 .tIS. 76 .t15.SS tI6.13 t15.94 t15.73 t 15•55 t15.67 t 15•32 t15.62 .tt5.08 t 14•95 tt4.35 

Pv 115.50 116.62 117.62 118.75 119.75 120.50 121.62 122.50 123.62 124.62 125.S7 127.12 
.t13.93 t 19•26 t19.S6 .tt9.69 t19.73 ~:.l9.57 t23.05 t lS•16 tI9.73 t1B.22 t17.31 t16•45 

Pi 111.87 113.00 113.75 114.87 115.87 116.87 117.87 119.12 119.75 120.75 122.00 123.50 
"S+HU !,28.39 t28.50 t28.25 !,28.39 t28.21 !,28.20 t,28.04 t,27.63 t27.44 t,27.13 i26.73 t16•22 
(3: 1) Pv 116.62 117.75 119.00 120.12 121.62 122.S7 124.12 125.62 126.87 127.87 129.37 131.37 

!,1.25 t l .29 !,1.06 !,1.l0 tl. 47 tl.39 tt.B5 t2•09 t2.06 !J.60 i3.03 t3•79 

Pi 10S.00 109.62 110.B7 111.75 113.75 114.75 116.00 118.25 119.00 120.75 121.75 124.00 
HS+HU tB.34 tS.35 tB.35 tB.41 t,8.15 t8.19 t7.BB t,7.36 t7.25 t6•86 t6•B4 t6.74 
11:11 Pv 116.62 I1B. t2 119.37 120.62 121.87 123.25 124.75 126.00- 127.50 129.25 130.25 132.00 

t 13•46 t13.33 t13.52 tll.61 t13.42 t13.49 t13.33 t13•15 t12.S4 t12.05 t12.19 t12.32 

Pi IOB.25 109.50 11 1.00 112.00 113.62 114.50 116.25 I1S.25 119.00 120.75 122.00 124.75 
"S+HU !,12.54 t12.22 tI2.J7 tI2.11 t12.49 !,12.50 til. 93 t1 0•6S !,10.3J !,9.44 t 9.2S !,B.33 
CI :3) Pv 115.37 117.00 I1S.B7 120.12 122.75 124.75 127.00 12B.25 129.75 132.25 134.50 137.50 

tlb.09 tJb.31 tlb.SI t17 .39 !,J7.75 !,17.n !,J7.34 t16.60 t15.73 tJ4.29 !,J5.J3 tI3.'" 

Pi 107.75 109.50 110.50 J l1.l7 113.37 114.75 116.25 117.75 119.00 120.00 120.75 122.50 
HUlus t14.82 tiS .18 !,14.61 t14.41 t14.38 t 14•02 t ll.60 t 12•71 t 12.04 t ll •51 tH.U t 10•5O 

Pv 116.12 HS.OO 119.50 121.50 123.50 124.25 126.50 127.50 129.50 131.00 133.50 135.00 
tl1·31 til. 45 t12.66 t 12 •9O t12.50 t 12•53 tll.n tll.43 t10. B2 tll. 42 tll.IO tIl. 46 

Pi 110.25 112.00 113.25 114.50 116.00 117.00 119.00 120.00 120.75 121.50 122.50 124.00 
litter t7•22 t6.n t6•62 t7•7O !,B.15 !,8.1l t7.n tB•19 t7•97 tB .IB tB.IB !,9.01 

Pv 117.50 11S.50 120.00 121.50 123.00 124.00 125.00 126.75 12B.25 129.50 130.50 131.50 
t10.3O t9.9B t9•5B t9•92 t9.63 t9.3B t8.90 t8.77 tB.51 tB.60 tB.B7 !,9.04 
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Table 7.5 . Effect of substrates on leaf area (cm2/plant + SEK) in 

P, insigne (Pi) and P, ~'illoSU19 (Pv). 

"OHTH5 
Treatlent Species 

" J J S 0 H D J F K A 

Pi 280.54 285.89 287.14 289.02 290.91 294.04 295.93 297.81 299.b9 302.20 302.83 305.97 
"5 t41.S4 t 39•87 !.40.50 t 4O•36 !.39.85 !.39.05 t39.35 t38.46 t39.21 !.37.S5 t 37•52 t36•03 

Pv 363.63 366.52 369.71 373.41 376.65 379.08 382.72 385.56 389.20 392.44 396.49 400.54 
!,b1.46 t62.43 tb4.37 tb3.80 !,63.93 tb3.41 !,b2.46 !,58.71 !,bO.b9 t59.04 !,5b.l0 !,61.bl 

Pi 275.53 278.35 280.24 283.0b 285.47 288.08 290.59 293.73 295.30 297.81 300.93 304.71 
KS+HU !,62.S8 ~.71.5S t 7O.91 !,71.26 !,70.81 !,70.80 !,70.38 !,69.37 !,68.89 !,68.tO ~..67.09 t6S.81 
13:1) py 366.52 269.76 374.22 377 .8b 382.72 386.77 390.82 395.68 399.72 402.97 407.83 414.31 

!,4.02 t 4•35 t3.43 !,3.58 !,4.78 !,4.50 t6.00 t6.78 !,6.69 !,9.42 !,9.84 !,12.29 

Pi 265.80 269.57 272.71 275.22 280.24 282.75 285.89 291.53 293.42 297.81 300.32 305.97 
"5+HU !,20.95 !.21.13 !,2l.15 !,21.13 !,20.47 !,20.58 !J9.79 t18.48 !,18.24 !,17.21 !,17.18 !,lb.93 
11:1) Pv 3b6.52 :m.38 375.43 379.48 383.53 387.99 392.85 39b.89 401.76 407.43 410.67 416.34 

!,43.63 !.43.19 !.43.83 !,44.11 !,43.49 !,43.73 !,43.19 !,42.63 !,41.62 !,39.04 !,39.51 !,39.92 

Pi 266.43 269.57 273.33 275.84 279.92 282.12 286.51 291.53 293.42 297.81 300.95 307.85 
"S+HU !,31.49 !,30.69 !,30.54 !,30.45 !,31.35 !.31.50 !,29.95 !,26.81 !,25.90 !,23.70 !,23.29 !,20.90 
(113) Pv 362.45 367.74 373.81 377.86 386.37 392.85 400.14 404.19 409.05 417.15 424.44 434.16 

!,52.16 !,52.85 !,54.48 !,56.35 !,57.52 t57.58 !,56.19 !,53.80 !,50.99 !46.32 !,49.03 !,43.55 

Pi 265.18 269.57 272.73 274.26 279.30 282.75 286.51 290.28 293.42 295.93 297.81 302.20 
HUlus !,37.20 !,38.11 !,55.50 !,36.18 !,36.11 !,35.19 !,34.14 !,31.92 !,30.22 !,2S. 'II !J8.78 !,26.43 

Pv 364.90 370.98 375.84 382.32 388.80 391.23 397.77 401. 76 408.24 413.10 421.20 426.06 
!36.b5 t 37•1O t41 .03 t41.79 t4O.52 t 4O.60 !.37 .51 t37.04 !.35.05 !.37.01 !,35.99 ~.37 .IS 

Pi 271.45 275.85 278.98 282.12 285.89 288.40 293.42 295.93 297.81 299.69 302.20 305.97 
Litter !18.13 t16.99 t 16.62 tt9.34 t2O. 46 t 2O.36 t19.52 t20.57 !,20.01 !,20.53 t 2O •53 t 22 .63 

Pv 369.36 372.60 377.46 382.32 387.18 390.42 393.66 399.33 404.19 408.24 411.48 414.72 
t33.39 !,32.35 !,31.04 !,32.14 t31. 2t !,30.42 !,28.e5 !.2e.44 !,27.59 !.27.e8 !,2B.75 !,29.29 

74 



Flower 

The main offshoot of each plant bore flower. The time of 

emergence of flower bud did not differ in all the treatments but 

the flower opened late in mineral soil in both the species. 

Mineral soil condition significantly reduced (P <O.OS) the length 

of the floral stalk of both P. ins i gn e and P. ~I i 11 osum • The 

former was more severely affected than the latter. Other 

treatments did not show any significant affect on the growth of 

floral stalk of both the species (Table 7.6). 

Root/Shoot ratio (total root length/total leaf length) 

Root/shoot ratio of both the species was less than one (0.3-

0.5); P. in:n:gne had higher value than P. ~/il1osum in all the 

treatments (Fig 7.4). 

Dry weight 

Dry matter yield per plant was maximum, in mineral soil 

humus (1:3) mixture and the minimum in the mineral soil. Dry 

weight of P. ~/illOSUJB was higher than P. insigne (Fig. 7 .S). 

Growth analysis 

Relative growth rate (RGR) was highest in the mineral soil -

(1:3) humus mixture for both the species and both of them showed 

lowest value in the mineral soil. In first four media P. insigne 

showed greater RGR than P. ~/il1o:..:::UJB then it declined sharply in 

humus and became equal to P. insigne in the litter. Net 

assimilation rate (NAR) was also higher in case of P. insigne 

than P. vil1o:..:::um and both the species showed highest value in the 

fourth medium. i. e.. mineral - humus (1: 3) mixture. P. ~/:i 11 o:..:::um 

showed LAR peak in mineral soil - humus mixture (1;3) and 

declined sharply under humus and litter, while P. in:..:::lgne showed 
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Table 7.6 . Effect of substrates on the length of floral stalk 

(em/plant + SEM) in P. insigne (Pi) and P. ~/illo:..:::um (Pv) 

MONTHS 
Treatment Species 

A· S 0 N D J 

Pi 15.25 22.50 26.25 28.75 28.75 28.75 
MS ±0.47 +1.32 +1.31 +1.25 ±1.25 ±1.25 

Pv 15.25 23.25 27.75 28.75 28.75 28.75 
+0.85 +1.49 +1.03 +0.47 +0.47 +0.47 

Pi 16.75 24.00 28.00 30.00 30.00 30.00 
MS+HU +0.75 +1.58 +1.08 ±.1.41 +1.41 ±1.41 
(3:1) Pv 15.00 24.75 28.75 29.00 29.00 29.00 

+0.91 +1.37 +0.47 +0.40 +0.40 +0.40 

Pi 16.00 24.25 27.50 28.50 28.50 28.50 
MS+HU +1.08 +1.75 +1.25 +1.25 +1.25 +1.25 
(1:1) Pv 17.00 24.75 28.75 29.00 29.00 29.00 

+1.58 +1.31 +0.47 ±0.40 +0.40 +0.40 

Pi 16.00 24.00 27.50 29.75 29.75 29.75 
MS+HU +0.91 ±1.95 ±1.19 +0.75 ±0.75 ±0.75 
(1:3) Pv 15.25 25.75 28.25 28.50 28.50 28.50 

+1.10 ±.2.01 ±1.10 +1.19 ±1.19 +1.19 

Pi 15.75 24.00 28.25 30.75 30.75 30.75 
Humus +0.85 +1.47 +0.85 +1.10 +1.10 ±1.10 

Pv 15.00 23.25 27.75 28.25 28.25 28.25 
+1.08 +1. 79 +1.10 +1.10 ±1.10 ±1.10 

Pi 15.25 23.00 26.75 29.25 29.25 29.25 
Litter +1.10 +1.77 +1.65 ±1.37 ±1.37 ±1.37 

Pv 15.50 24.25 28.00 28.25 28.25 28.25 
+1.84 +1.93 ±1.08 +1.10 +1.10 ±1.10 
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gradual increase from the mineral soil till it reached peak in 

the mineral soil - humus (1:3) mixture and then slowly declined 

in the litter (Fig. 7.6). 

DISCUSSION 

Both the species took time to get established after planting 

and grew relatively slowly. However. relatively earlier offshoot 

production in P. insigne indicates that this species may colonize 

new habitats more easily and quickly and is less susceptible to 

changes in soil conditions. Results showed that either humus or 

a mixture of humus with mineral soil in 3:1 proportion was less 

favourable for offshoot production. Humus was the most favourable 

medium for the root growth in both the species. This conforms 

Hegde's (1982) field observations on the orchids of Arunachal 

Pradesh where in he ha5 concluded that types of 50il. its 

properties. exposure, temperature and rainfall are important 

factors that determine the growth and abundance of terrestrial 

urchids under natural habitat. In this experiment soil organic 

matter was found to favour formation of new leaves as well as new 

roots in both the species. Formation of new leaves declined as 

the proportion of mineral soil increased in the potting media. 

Leaf length and leaf area per plant was also found to be greater 

when the proportion of organic matter was higher in the mixture. 

Better growth of leaf and root system in organic matter rich 

medium may be attributed to higher soil moisture content and 

nitrogen level and better soil aeration. Since fine textured soil 

does not favour root growth (Kalpage 1974) and soil having pore 
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space between 0.5 - 0.3 mm is favourable for root growth (Russel 

1958), this might be one of the reasons for the increase in root 

number as well as root length of both the species in humus and 

poor growth under mineral soil. 

Dry weight and leaf area followed the same trend attaining 

peak under mineral soil - humus (1:3) mixture and minimum in the 

mineral soil. 

Only the main shoot of plant produced flower. This is 

because the newly formed offshoots take 2-3 years to flower. In 

both the species offshoots produced flowers, when the leaves 

attained an average length of 10em. 

Flowers developed in the litter medium lasted for a 

relatively shorter duration as compared to the rest of the 

treatments. Reduction in the length of floral stalk under mineral 

soil may be due to low organic content of the soil. 

The absence of seed setting in any of the treatment may be 

attributed to the absence of pollinators as the plants are rarely 

self pollinated (Withner 1974, Keddy et a1 1983). 

Thus the nature of substrate played an important role in 

determining the growth and development of these twa species of 

terrestrial orchids. Acidic (pH 5) potting medium containing a 

mixture of mineral soil and humus in 1:3 ratio (v/v), where soil 

moisture content was about 18 X, was the most favourable medium 

for vegetative and reproductive growth of both the species. 

Conversely. mineral soil which was characterised by low (ca 9 X) 

moisture content and pH 6 was unfavourable for -their growth. 
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EFFECT OF LIGHT INTENSITY 

Plants differ in their response to environmental variables. 

Light being the most important climatic factor, large number of 

work has been done to analyse its effect on plants (Evans and 

Hughes 1960, Khaleafa et al. 1982, Skuterud 1984, Longstreth and 

Mason 1984, Read 1985). While considering the influence of 

light, two most significant variables photoperiod and light 

intensity have been investigated in great detail. Many orchid 

species are known for their difference in sensitivity to the day 
7 

\ length. Umstrom (1949)" and Holdson and Laurie (1951) 
_-------______ ~-~ .. "'~. _~_" __ ~_ .... ~ .. "_ ,_ . ___ M,._.,, __ .. -...t __ 

reported 

that even a slight change in day length may critically affect the 

v~owth and flowering of Cattleya (cited by Bhattacharjee 1979). 

(11\vY'"~ many other orchid species also, it has been found that change 

~~ X in day length may significantly alter their flowering characters 

Jr \ (Ro~~:_,,"~_~~2, Lin and Molnar 1983). 
,-----

Corre (1983) gave an account of the effect of shading on 

plant growth. Studies of Fitter and Ashmore (1914) showed that 

shade caused a large decrease in dry matter production in 

Veronica persica and a moderate decrease in Ileronlca montana, 

when both the species were grown under the same light intensity. 

Achillea species which is a light tolerant plant was highly 
; 

affected by reduced light intensity and the plant failed to 

produce seeds and they seldom flowered when shaded (Clausen et 

aI. 1940). Bourdot et aI. (1984) explained that if shading is 

increased beyond 0.40 relative level of irradiance the dry matter 



production of Achillea milleiolium is greatly reduced. 

Light is of great importance for the production of food 

reserves in orchids as well as it has a formative effect on stem 

and leaves where strong and healthy tissues are produced. 

P. insigne and P. vil10sum both are found mostly in shady 

places. on the forest floor, on decaying organic matter in rock 

crevices and sometimes by the side of the rocks. Therefore, an 

experiment was set up to investigate the effect of light 

intensity on the growth behaviour of these two species. 1'he 

experiments were conducted over a period of one year, under 

controlled conditions and results are discussed in this chapter. 

MATERIALS AND METHODS 

The experiment was carried out in two unheated and uncovered 

net houses of 3m height and 3m x 5m area. The net houses were 

constructed under the shade of trees where mean annual light 

intensity was about 15800 lux in one net house and in the other 

it was about 8300 lux at midday sun. The former was considered 

as lighted habitat and the latter as the shaded condition. Since 

neither of the two species grow in open, in their natural 

habitats. experiment was not conducted in direct or full 

sunlight, where annual mean light intensity was about 20,000 lux 

(Fig. 8.1). The experimental design was 2 light regimes x 2 

species x 4 replicates and 1 harvest. The experimental pots were 

filled with garden soil and the plant with at least one offshoot 

was planted in each pot during December 1988. During dry season. 

watering was done in all 1~he pots at fortnightly intervals. 
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All possible morphological growth parameters, e.g. length of 

the plant, leaf number, offshoot number, leaf length and leaf 

area etc. were measured. Later on, monthly measurements were 

taken for all morphological growth parameter of shoot for a 

period of one year. Time of flower initiation, flowering period, 

length of the floral stalk and duration of flower were recorded. 

RESULTS 

Plant length 

Both the species of Paphiopedilum showed higher plant length 

under lighted environment as compared to the shaded condition. 

Annual increase in length under lighted condition was greater in 

P. insigne than in P. l'illo:.."Uf~ (Fig. 8.2). 

Root number 

Number of roots in both the species was found to be more 

under high light intensity than under low light. In both light 

regimes, P. in:.::igne showed better growth than P. I'i 11o;3·um. 

However. in lighted condition, the increase in roo·t number in 

case of P. in:.."igne was almost twice that in the shaded condition. 

The increase in root number in P. villo:.::um from low to high light 

regime was only marginal (Fig. 8.3). 

Root length 

Like root number. growth in root length was also .favoured by 

lighted condition in both the species. However, P. in;.:;iqne 

showed better growth than P. vl110sum (Fig. 8.4). 

Offshoot number 

Low light intensity markedly reduced offshoot production 
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which was completely inhibited in case of P. 1'111 osum . Inc.rease 

in light intensity had a marked positive effect on offshoot 

production in both the species (Table 8.1). 

Leaf number 

Leaf production significantly increased (P<O.Ol) in lighted 

condi tion as compared to shaded one in both the species. In bot.h 

the species it was equally suppressed under shaded condition 

(Table 8.2). 

Leaf length 

Under relatively high light intensity leaf length increased 

almost linearly upto 210 days in both the species. Beyond this 

it stabilized in case of P.insigne but it continued to increase 

till the end of experiment in P. I'i 11 o:.~um . Both the species 

showed a slow increase in leaf length in shade as compared to 

lighted condition. but the trend was similar in both the species. 

The peak value in shade was significantly lower than the 

corresponding value under lighted condition (Fig. 8.5). 

Leaf area 

Effect of light intensity on leaf area was more prominent 

than leaf length. In light it increased almost in linear fashion 

till the end of the experiment in P. ~'illosum. In P. In:.~igne the 

increase was relatively slow and after 210 days of planting, it 

remained almost unchanged. In shade the trend in temporal 

variation in leaf area was similar to that of the light condition 

but the values were significantly lower than the lighted habitat 

(Fig. 8.6). 

Flower 

Flower production was strongly affected by low light 



Table 8.1 . Effect of light intensity on the growth of 

offshoot (number/plant ± SEM) in P. insigne 

(Pi) and P. villosum (Pv). 

-----------------------------

Light condition 
Month Species 

Light Shade 

Pi L33±O.27 1.00±0.OO 
January 

Pv 1.00±O.OO 1.00±O.00 

Pi 1.33±0.27 1. OO±.O. 00 
February 

Pv 1.00+0.00 1. OO±_O. 00 

Pi L 33±0.27 1.00±O.OO 
March 

Pv 1.33±O.27 l.nO±,O.oo 

Pi L 33±O .27 1.00±O.00 
April 

Pv 1.33±O.27 1.O()+O.OO 

Pi 1. 66±0. 30 1. 33+0.30 
May 

Pv 1.66±O.30 1.0UtO.OO 

Pi 2.00±0.OO 1 . :J3±.O. ::JO 
June 

Pv 2.00±0.OO 1. DO±O. 00 

Pi 2.0U±O.OO 1.33±O.30 
July 

Pv 2.00±0.OO 1.00:tO.OO 

Pi 2.00±0.OO 1. 33±O. 30 
August 

Pv 2.00±.O.OO 1.00±0.00 

Pi 3.00~tO.47 1 . 3:J'tO . 30 
September 

Pv 2.66±.0.27 1.00±.0.00 

Pi 3. OO±.O. 47 1. 33:tO. 30 
October 

Pv 2.66±O.27 1.UU±U.UO 

------



Table 8.1 (contd.> 

Light condition 
Month Species 

Light Shade 

Pi 3.00±.0.41 1 . 3~J:tJJ. 30 
November 

Pv 2.66+0.21 1.00:t0.00 

Pi 3.00±0.41 1. 3:-J±0. 30 
December 

Pv 2.66±0.27 1.00±0.OO 

Analysis of variance 

Source of Variation 

Light 

Time 

Species 

Light x Time 

Light x Species 

Time x Species 

84 

Significance level 

P <{L 01 

P «J. 01 

NS 

P < (J. 01 

NS 

NS 



Table 8.2 . Effect of light intensity on the leaf growth 

(leaf number/plant ±. SEM) in P. insigne (Pi) 

and P. vi 1 1 o:..=:: U 111 ( Pv) . 

Light condition 
Month Species 

Light Shade 

Pi 5.33+0.30 4.33±0.30 
January 

Pv 4.33±0.30 4.66±0.30 

Pi 5.33+0.30 4.33±0.30 
February 

Pv 4.33±0.30 4.66+0.30 

Pi 6.33±0.12 4. 33±J}. 30 
March 

Pv 5.33±0.30 4.66+0.30 

Pi 7.00+0.50 4.33±0.30 
April 

Pv 6.00±O.94 4.66+0.30 

Pi 7. 66±JJ. 72 4. :-l3!.0. :-lO 
May 

Pv 7.33±O.98 5.00±0.OO 

Pi 8.33±0.30 o1.6fi±O.30 
June 

Pv 8.00±1.24 5.00±O.OO 

Pi 8.33±.0.30 4. 66±JJ. 30 
July 

Pv 8.00±1.24 5.00±0.OO 

Pi 8.33±.0.30 5.00+0.00 
August 

Pv 8. OO±!, 24 5.66±0.13 

Pi 10.66±.1.08 5.00±O.00 
September 

Pv 10.33±1.80 5. 66±O .1:) 

Pi 10.66±1.08 5.33+0.33 
October 

Pv 10.33±.1.80 5. 66t.O .1~) 



Table 8.2 (contd). 

Light condition 
Month Species 

Light Shade 

Pi 10.66+1.08 5.33+0.33 
November 

Pv 10.33+1. 80 5.33±0.33 

Pi 10.66+1.08 5.33±0.33 
December 

Pv 10.33±1.80 5.66+0.13 

Analysis of variance 

Source of Variation Significance level 

Light P <0.01 

Time P «L 01 

Species P <0.05 

Light x Time P «L 01 

Light x Species P «L 01 

Time x Species NS 
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intensity where in both the species it was completely inhibited. 

However, the flower and floral stalk development was normal in 

the lighted condition (Table 8.3). 

Root/Shoot ratio (total root length/total leaf length) 

Root/shoot ratio of P. insigne was more than P. ~il1osum in 

both the light regimes. Higher ratio in both the species was 

observed under shaded condition, indicating relatively better 

root development under low light intensity. 

particularly in case of P. insigne (Fig. 8.7). 

DISC(JSSSION 

This was true 

The growth and development of P. insigne and P. ~/il1o:..:::u.m was 

strongly influenced by light intensity although both of them were 

able to grow and survive under varying ligh"t regimes. Better 

growth of both the species under lighted condition is in 

agreement with Solangaarachchi and Harper's observation (1987) on 

clover growth which showed significant difference between open 

and shaded treatment. 

Despite the fact that the plant of both the species are 

found growing in shady places, results show that their growth is 

hampered when light intensity is reduced to the level of 

approximately 8300 lux. This finding conforms the observation 

of Skuterud (1984) on £lymus repens. He reported that a 50 % 

reduction in full day light intensity caused a decline in the 

weight of new rhizomes, and 12.5% decline caused (!ompl~te absence 

of rhizome production. A decrease in the light intensity below 

50% of full day light caused reduction in the weinht of' aerial 
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Table B.3 . Effect of light intensity on the growth 

of floral stalk of P. insigne (Pi) and 

P. ~I 1 1 1 (.) S U Tn ( Pv) . 

Light condition 
Month Species 

Light 

Pi 12.501.0.65 
August 

Pv 9.25+0.47 

Pi 20.501.0.64 
September 

Pv lB.25±0.63 

Pi 24.001.0.40 
October 

Pv 20.75±0.B5 

Pi 2B.00±0.41 
November 

Pv 26.25±0.75 

Pi 2B.OO±0.41 
December 

Pv 26.25+0.45 

- Did not develop flower. 
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parts of E. repens. Shading is also found to reduce the dry 

weight of Crotalaria juncea L. and Crotalarla sericea Retz. and 

a reduction in light intensi·ty from 100% to 80% showed a 2/3 

reduction in leaf area of C. juncea as compared to (:. sericea 

(Pandey and Sinha 1971). Increased light intensity caused an 

increase in leaf thickness and the amount of mesophylltissues, 

whereas in low. light, leaves were very thin in Fraqaria ~/esca 

(Chabot and Chabot 1971). Greater offshoot and leaf produc·tion 

and higher leaf area in P. ins i gn e compared to P. ~I iII o:..=:um in 

both light regimes show a relatively broad range of tolerance for 

light intensity of the former species than the latter. However, 

for both of them relatively higher light in·tensity was more 

favourable for shoot growth. It is evident from higher 

root/shoot ratio in shade that plants allocated more 

photosynthate towards below ground parts under low light 

intensity. White clover when grown under dense shade showed a 

decline in photosynthetic capacity and even' shortening of life 

span (Woledge 1986). Evans and Hughes (1960), Packham and Willis 

(1982), Westoby and Howell (1982). Bourdot et al. (1984) and 

Zeiger et al. (1985), also showed that shading leads to the 

reduction in total dry weight. 

The absence of flower production under low light, was 

notable feature of both the species. This conforms the findings 

of Clausen et al. (1940), Ashmun and Pitelka (UJB4) and PiLelka 

et al, (1985) on the ramets of ,iL:;-te .... a::uminatus, which produced 

more flowers under high light than under low liRht intensity. 

Though both the species are capable of reproducinf{vegetatively, 

there was a complete absence of offshoot production in P. 



vil10sum in low light condition. Therefore in habitats where 

light intensity is about 15800 lux, these plants responded by 

better vegetative and sexual reproduction. This is supported by 

the work of Healy et al. (1982) on Regina. Thus the difference 

in growth behaviour of two species of Paphiopedilum under the two 

light regimes reflects the plastic response of plant tolhe 

varying light environment (Bradshaw 1965, Hickman 1915, Rice and 

Bazzaz 1989). 

The study showed that the two Paphlopedilum species are 

better adapted to grow in lighted condition and their growth 

markedly reduced under low light condition. Of the two species, 

P. in:..· i gne seemed to be better adapted to varied light 

intensities than P. viII o: .. um . 
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Cha.ptE:2'r 9 

EFFECTS OF SOIL NUTRIENT LEVEL AND LIGHT INTENSITY 

Nutrien~ availability in the soil that is required for the 

growth of plants, varies over time and space. The fluctuation in 

nutrient availability interfere with the growth and development 

of plants particularly on infertile soil, where growth rate is 

generally slow (Jones and Etherington 1970). A number of 

experiments have been carried out in which species from infertile 

soil were grown at different levels of nutrients, especially 

~h~!:phorus and nitrogen. Findings of these studies show that low 

~~ L~;ient availability may affect plant growth in var.ious ways 
I "...." j~u.-

, ,()AY~ (~~:~ et ai, 1960, 196~, H~~~ett 1,96,5, Clark~on 11~Wl, R~~r.iS_~~? 
\fI' 

1~_fl8) Veerkamp and Kuiper 1982b). The growth response of plants 
,---

to nutrient concentration differ from one another depending on 

the nutrient requirements (Erdei et ai. 1986). Davy and Bishops 

(1984). McGraw (1985), Heil and Bruggink (1987) reported that 

grow'th and reproduction of plants are stroCll{ly affected by 

nutrient level in their growth medium. Addition of phosphorus 

alone seemed to have no effect on the £orbs, but in combination 

with nitrogen, it enhanced their aboveground production (McMaster 

et al. 1982). Addition of nitrogen alone may overcome apical 

dominance in Agrop>,ron repell:~ (McIntyre 19'IH), while POtCl.55iulD 

stress may lead to the death of Carex acutiformlS (Veerkamp and 

Kuiper 1982b). SLudies on the effect of nitrogen, phosphorus and 

potassium fertilizers on the growth and development of plants 

have been carried out by a large number of workers (lnam et a1. 



1982. Rao et al. 1983. Daniels 1986, Gupta and Govind 1986. 

Bornkamm and Raghi-atri 1986, Omaliko et aI. 1981. I~amb and 

Klaussner 1988). Use efficiency of nitrogen and other nutrient 

elements has been studied by Elaine and Vitousek (1986), Patel 

and Singh (1986), Seemann et a 1 • (1981) and Pandey and Dubey 

(1991). 

Studies have been done on the combined effect of light 

intensity and nutrients on the growth performance of plants 

(Gulmon and Chu 1981, Peace and Grubb 1982, Jurik et a.!. 1982, 

Larsson et al. 1986, Daniels 1986, Nuemaier et ai. 1981) . 

Findings of Diepenbrock (1981) and Fernandes et a 1 • (lB85) 

suggested that light intensity along with temperature and 

nitrogen application affect plant metabolism. Combined effec·ts of 

soil nitrogen and plant density on the growth and reproduction 

of Sperguia arvensis and Plantago major were studied by Trivedi 

and Tripathi (1982a) whereas the effects of soil nitrogen, lieht 

intensity and plant density on Eupatorium adenophorum and E. 

riparium were discussed by Tripathi and Yadav (1982). Another 

study dealing with the combined effects of watering frequency, 

drought and supply of nutrients is that of Weerakoon and Lovett 

(1986). The effect of mineral nutrients other than nitrogen, 

phosphorus and potassium was studied by Heil et a,l. 

Ashraf et ai. (1989). 

(1988) and 

Works on the mineral nutrition of orchids are negligible. 

Nonetheless, some studies dealing with the effect of nitrogen, 

phosphorus and potassium on growth and flowerIng of orchid 

species have been carried out by Bhattacharjee (1981) and Yadav 

and Bose (1986). The effect of fertilizer on the growth of some 



orchid species has been carried out by Katiyar et· a.1. (1987) and 

Yoneda (1989). Analysis of plant parts of Lael.zd c.md Cattleya has 

been done by Carlucci et a1. (1980). 

Phaphiopedi1um InsIgne and Paphiopedllum villosum are found 

growing mainly on the soil rich in organic matter under the shade 

of tree on the fores·t floor and sometimes in the rock crevices. 

Therefore, an experiment was designed to investigate the growth 

response of these species to the variable soil nu trien·t level and 

light regime under controlled conditions. 

MATERIALS AND METHODS 

The experiment was conducted in a transparent polythene 

roofed net house. whose four sides were covered upto 1m height 

with the polythene sheet to protect the po~ted plants from 

splashing 

parts with 

sides of 

rain water. The net house was partitioned 

the help of bamboo sticks. The roof and 

one part of the net house was covered with 

in to two 

all four 

a 

muslin cloth up to a height of 1.5m from the ground level. In 

the other part, the top was covered with black muslin cloth and 

the sides with white muslin cloth. In the compartment covered 

with black cloth mean annual light intensity was 9600 lux at 

midday sun. This was about 50% less than that portion of the net 

house which was covered wi th whl te cl0 th (lng. 9.1 ) . The 

experimental design consisted of 5 nutrient treatments X 2 light 

regimes X 2 species X 4 replicates X 1 harvest. The plastic pots 

(21 cm diameter and 19cm depth containing garden soil and having 

a basal drainage hole) were used for the experimerlL. In each of 
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the two light regimes, the following five nutrient levels were 

maintained: 

Treatment 1. Control (C) - No nutrient was added. 

Treatment 2. (+ N) - O.2g per pot Ammoniun Nitrate was added. 

Treatment 3. (+ P) - O.2g per pot Super Phosphate was added. 

T~'eatment 4. (+ K) - O.2g per pot Potassium Chloride was added. 

Treatment 5. (N+P+K) - O.2g each of the above mentioned nutrients 

per pot were added together. 

Each fertilizer was added as surface dressing (Daniels 1986) 

The details of planting materials and growth parameters 

studied are similar to those described in the previous chapters. 

RESULTS 

Addition of nutrient and light intensity both influenced the 

growth performance of P. in:..~iqne and P. vi.llo:Hlm. 

Plant length 

Addition of nitrogen to the potting medium had a marked 

effect on plant length both in light and shade condition as 

compared to the addition of phosphorus and potassium alone or 

nitrogen, phosphorus and potassium together and control (Fig. 

9. 2a) . The values were higher in the former -than in the lat.ter 

(Fig.9.2b). 

Root number 

Relatively higher light intensity favoured root growth in 

terms of number, both in. P. 1 n;,.:; 1 qrt e, and P. ~i.l 11 p:;um . Addition 
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of nitrogen, phosphorus and potassium together produced best 

result both under light and shade. However, the increase was 

higher in case of P. in:.:::igne than P. ~/il1osum (Fig.9.3a). 

Phosphorus application has a suppressing effect on root number in 

both the species as compared to other nutrient treatments 

particularly, in lighted condition, whereas in shade addition of 

nitrogen caused a marked decline in the root number (Fig.9.3b). 

Root length 

Nitrogen application favoured the root growth of P. insigne 

and P. ~'iII0$UrR in both the light regimes. Addition of P and K 

alone and NPK together had a suppressing effect on P. insigne. In 

case of P. viliOSUrR addition of nutrients other than N did not 

show any marked change in root length. Response of P. insigne to 

nutrient amendment was better under light than in the shade. Such 

a trend was not seen in case of P. ~/il1osum (Fig. 9.4). 

Offshoot 

P. insigne showed higher offshoot production under nitrogen 

with treatment in light, but in shade, response was better 

potassium application. Lighted condition significantly (P 

increased offshoot formation in P. .' iII O:':::UrR under 

<0.05) 

all the 

nutrient treatments. But in shade new offshoots were formed only 

in phosphorus and potassium treatments. Timing of new offshoot 

formation was neither altered by nutrient addition to soil nor by 

the change in the light intensity (Table 9.1). 

Leaf number 

Although new leaves formed in both light and shade. K 

application significantly increased (P <0.05) the leaf number 

under lighted condition while the increase was significantly 
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Table 9.1 . Effect of soil nutrient amendment on the offshoot growth 

(number/plant + SEM) of P. in:.:::iqne (Pi) and P. vil1o$tlm 

(Pv) under two light conditions. 

"ONTH5 
Treat- Condi- Specie5 

lent tion " A " J J A 5 0 N D J F 

Pi 1.00 1.00 1.00 1.00 1.00 1.00 2.50 2.50 2.50 2.50 2.50 2.50 
to.OO to.OO to.OO to.OO to.OO to.OO to•2S t o•2S to.2S to.2S to.2S to.2S 

L 
Pv 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO 
Control 

Pi 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO 

5 
Pv l.00 1.00 1.00 1.00 1.00 1.00 1.50 1.50 1.50 1.50 1.50 1.50 

to.OO to.OO to.OO to.OO to.OO to.OO to•2S to•2S t o•2S to.2S to•2S to•2S 

Pi 1.00 1.00 1.00 1.00 1.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00 
to.OO to.OO to.OO to.OO to.OO to.OO to. 57 to. 57 t o.57 to.57 to.57 to.57 

L 
Pv 1.00 1.00 1.00 1.00 1.00 1.00 1.50 1.50 1.50 1.50 1.50 1.50 

to.OO to.OO to.OO to.OO to.OO to.OO t o.28 to. 28 to•28 to.28 to.28 to.2S 

Pi 1.00 1.00 1.00 1.00 1.00 1.00 1.50 1.50 1.50 1.50 1.50 1.50 
to.OO to.OO to.OO to.OO to.OO to.OO to•2S t o•28 t o•28 to .28 to.28 to•28 

5 
Pv 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

to.OO to.OO to. 00 to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO 
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rible 9.1 (contd.) 

"OHTHS 
Treat~ Condi- Species 

lent tion If A If J J A 5 0 N D J F 

Pi 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 (,00 1.00 1.00 1.00 
to.OO to.OO to.OO to.OO to.OO :to.OO to.OO to.OO to.OO to.OO to.OO :to. 00 

L 
Pv 1.00 1.00 1.00 1.00 1.00 1.00 1.50 1.50 1.50 1.50 1.50 t .50 

to.OO to.OO to.OO to.OO to.OO :to.OO to.28 t o.28 to•2S to•2S to.28 to.2a 
+P 

Pi 1.00 1.00 1.00 1.00 1.00 1.00 1.50 1.50 1.50 1.50 1.50 1.50 
to.OO to.OO to.OO to.OO to.OO to.OO to•28 to.28 to.28 to .28 to.2B to.2B 

S 
Pv 1.00 1.00 1.00 1.00 1.00 1.00 1.50 1.50 1.50 1.50 1.50 1.50 

to.OO to.OO to.OO !.O.OO to.OO to.OO to.2B t o.2B to.2B !.0.28 to.2B to.28 

Pi 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO 

L 
Pv 1.00 1.00 1.00 1.00 1.00 1.00 1.50 1.50 1.50 1.50 1.50 1.50 

to.OO :to. 00 to.OO to.OO to.OO :to. 00 to•2B :to.2B t o•2B t o.2a to.28 t o.2B 
+K 

Pi 1.00 1.00 1.00 1.00 1.00 l.00 2.00 2.00 2.00 2.50 2.S0 2.50 
to.OO to.OO to.OO to.OO to.OO to.OO to. 57 to.S7 t o•57 to.al! to•8l! to.a6 

S 
Pv 1.00 1.00 1.00 l.00 1.00 l.00 1.50 1.50 1.50 1.50 1.50 1.50 

to.OO to.OO to.OO to.OO to.OO to.OO to.2S !.0.2S to•2S t o.2S to•2B !.O.2S 
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Table 9.1 (contd.) 

IfONTHS 
Treat- Condi- Species 

.ent tion If A If J J A S 0 N D J F 

!.O.OO to.OO to.OO to.OO to.OO to.OO to.OO !,O.OO !,O.OO to.OO to.OO to.OO 
l 

Pv 1.00 1.00 1.00 1.00 1.00 1.00 1.50 1.50 1.50 1.50 1.50 1.50 
to.OO !.O.OO to.OO to.OO to.OO to.OO t o•2S to.2S to•2S to.2S to.2S to•2S 

N+P+K 
Pi 1.00 1.00 1.00 1.00 1.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00 

to.OO to.OO to.OO to.OO to.OO to.OO to. 00 to.OO to.OO to.OO to.OO to. 00 
S 

Pv 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
to.OO to.OO to. 00 to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO to.OO 

C - Control; L - Light; S - Shade. 

Analysis of variance 

Source of variation Significance level 

Light Shade 

Nutrient P < (J. 05 P <0.05 

Time P <0.05 P <0.05 

Species P <0.05 P <0.05 

Nutrient x Time NS NS 

Nutrient x Species P <0.05 P <0.05 
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higher in the shade under N application. The rest of the 

treatments had little effect in this respect. The period of new 

leaf formation (June - December) was not influenced either by 

nutrient amendment or by change in light regime (Table 9.2). 

Leaf length and leaf area 

Growth in leaf length began from May and continued till the 

end of the experiment 'without any seasonal trend. Amongst all 

the nutrient treatments. N addition caused significant increase 

(P <0.05) in length under both the light regimes (Table 9.3), the 

increase was, however. more in lighted than in shaded condition 

in both the species. Leaf area also followed a similar trend in 

both the species (Table 9.4). 

Flower 

Variation in light regime and application of nutrient did 

not influence flowering time which started with the initiation of 

flower buds in August. The length of floral stalk under different 

nutrient treatments showed a negligible variation from the 

control. The effect on the flower size was also indistinct in 

both the species (Table 9.5). 

Root /shoot ratio (total root length /total shoot length) 

Both the species showed minimum root/shoot ratio under 

nitrogen application, in both the light regimes (Fig. 9.5a). The 

ratio was higher in P. in:.d:gne than P. ~/illo:.:::um. (Fig. 9.Sb). 

DISCUSSION 

From the results obtained, it is clear that bot.h the 

species of Paphiopedilu11l were benefited by nitrogen application 
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Table 9.2 . Effect of nutrient amendment on leaf growth (leaf 

number/plant 1- SI~H) in P. Hl:..::lanp. (Pi) and P. ~1,'1(l'::um 

(Pv) under two light regimes. 

MONTHS 
Treat- Condi- Species 

lent tion PI A 1\ J A S 0 N D J F 

Pi 3.50 3.50 3.50 4.00 4.00 4.50 4.50 5.00 5.00 5.00 5.00 5.00 
!.0.28 !,0.28 !.0.28 !.0.40 !.0.40 to.28 !,O.28 !,O.40 !.O.40 !,0.40 !.O.40 !,O.40 

l 
Pv 3.00 3.00 3.00 3.00 3.25 3.25 3.75 3.75 3.75 3.75 3.75 3.75 

to.OO !.O.OO !.O.OO !.O.OO !.O.25 !.O.25 +0.47 !.O. 47 !.O. 47 +0.47 !.O. 4 7 !.O. 47 
Control 

Pi 3.00 3.00 3.00 3.50 3.50 3.50 3.50 3.75 3.75 3.75 3.75 3.75 
!.O.OO !.O.OO !.O.OO !.0.2B !.O.28 !.0.28 !.O.28 to.25 !.I). 25 to.25 !.t).25 !.0.25 

S 
Pv 3.00 3.00 3.00 3.50 3.50 3.50 3.50 3.5t' 3.50 3.75 3.75 3.75 

!.O.OO to.OO !.O. ('0 !.O . 50 !.0.50 !.O.50 !.O.50 +0.5t1 +0.50 !.O.47 +0.47 !.t).47 

Pi 3.00 3.00 3.00 3.50 3.50 4.00 4.00 4.00 4.75 5.50 5.50 5.50 
!.O.OO !.O.OO to.OO !.0.2B !.O.2B !.O.OO to.ao to.OO ~.o. 25 to.50 to.50 !.O.50 

l 
Pv 3.50 3.50 3.50 4.00 4.00 4.00 5.00 5.00 5.00 5.00 5.00 5.00 

!.0.28 to.28 !.O.2B !.0.40 !.0.40 !.0.40 +0.40 !.O.40 !.i).40 +O.4l' !.1.l.40 +1).40 

Pi 3.00 3.00 3.00 3.50 4.00 4.00 5.00 5.00 5.00 5.00 5.00 5.00 
!O.OO !.O.OO !.O.OO !.0.28 !.O.OO !.O.OO !.0.40 !.O.40 :0.40 to.4O !.0.40 !.O.40 

S 
Pv 3.00 3.00 3.00 3.75 4.25 4.75 4.75 5.I)tl 5.00 5.(1) 5.00 5.00 

!.O.OO !.O.OQ !.O.OO !.O.25 !.O.25 !..O.47 !.O. 47 ~.9. 57 !..(l.57 !.t).57 !.O.57 !.O.57 
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Table 9.2 (contd.l 

I1DNTHS 
Treat- Condi- Species 

lent tion M A II J J A 5 0 N D J r 

Pi 3.50 3.50 3.50 4.00 4.00 4.50 4.50 5.00 5.00 5.00 5.00 5.00 
!0.28 !O.2B !,.0.2B !,O.40 !,0.40 !0.2B !.0.40 +0.40 !,1).40 !.O.40 !.O.40 :!.1).40 

l 
Pv 3.00 3.00 3.00 3.00 3.50 3.50 4.00 4.00 4.00 4.00 4.00 4.00 

to.OO to.OO to.OO !,O.OO !.0.2B !.O.2B to. 57 !.0.57 !,0.57 !,O.57 to. 57 to.57 
+P 

Pi 3.50 3.50 3.50 3.50 3.75 3.75 4.00 4.00 4.00 4.00 4.00 4.00 
to.28 to.28 to. 28 to.2B to.25 to.25 to.OO to.OO !,O.OO ~.o. 00 to.OO to.OO 

S 
Pv 3.00 3.00 3.00 3.50 4.00 4.00 4.00 4.01) 4.00 4.00 4.00 4.00 

!,O.OO to.OO to.OO to.OS !,O.OO to.OO to.OO to. Oll to.OO !,O.OO !,O.OO !,O.OO 
Pi 3.50 3.50 3.50 4.00 4.00 4.75 4.75 5.25 b.OO b.SO b.50 b.50 

to•28 to.28 to•2B to. 00 to. OO to.25 to•25 to. 47 to•4O !.O.2B to.2B !,Q.28 
l 

Pv 3.00 3.00 3.00 3.50 3.50 4.25 4.25 4.50 4.50 5.00 5.00 5.50 
!,O.OO !,O.OO !,O.OO !,O.50 !,0.50 to•25 !,O.25 !,O.28 +0.28 !,0.57 !,O.57 !,O.28 

+K 
Pi 3.50 3.50 3.50 4.25 4.25 4.25 4.75 4.75 4.75 4.75 4.75 4.75 

!.O.29 to•28 !.O.2B !O.25 !,O.25 !O.25 !.\).25 !.0.25 to•25 to.25 to.25 to•25 
S 

Pv 3.00 3.00 3.00 3.75 4.50 4.50 4.75 4.75 5.00 5.00 5.00 5.00 
!,O.OO !.O.OO to.OO !,O.25 !,O.2B !.O.2B !.O. 47 !,O.41 to.57 ~0.57 :!.O.57 :!.t) .57 
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Table 9.2 (cootd.) 

MONTHS 
Treat- Coodi- Species 

lent tion H A ,., J J A S 0 II D J F 

Pi 3.50 3.50 3.50 3.50 3.75 3.75 4.00 4.00 4.00 4.00 4.00 4.00 
!,0.28 !,0.28 !,0.28 !,0.2B !,0.25 !,0.25 to•25 to.uu to.OO to.OO to.OO to.OO 

L 
Pv 3.00 3.00 3.00 3.25 3.25 3.25 4.00 4.00 4.50 4.50 4.50 4.50 

to.OO to.OO !,O.OO to.25 :!:,0.25 :!:,O.25 to•4O :to. 40 +0.40 to•4O :to. 40 :!:,O.40 
N+P+K 

Pi 3.25 3.25 3.25 3.50 3.50 3.50 4.25 4.50 4.50 4.50 4.50 4.50 
to•25 to•2S to.25 to.2S to•2S to.25 to. 47 to.28 to•28 !,0.2S to•2S to.28 

S 
Pv 3.50 3.50 3.50 3.50 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

to.28 :to. 2S to. ZB to.28 to. 4O ±.0.40 :to. 40 !,0.40 :!:,0.40 :!:,0.40 ±.0.40 ±.0.40 

Analysis of variance 

Source of variation Significance level 

Light Shade 

Nutrient p <0.05 P <0.05 

Time P <0.05 P <0.05 

Species P <0.05 NS 

Nutrient x Time P <0.05 P <0.05 

Nutrient x Species p <0.05 NS 
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Table 9.3 . Effect of nutrient amendment on leaf length (em/plant 

+ SEM) in P. insigne (Pi) and P. villosum (Pv) in light 

and shade conditions. 

"ONTHS 
Treat- Condi- Species 

lent tiDn " A " J J A S 0 N D J F 

Pi 30.25 30.25 31.50 32.75 33.75 35.00 35.75 36.75 38.00 39.75 41.00 42.25 
~0.94 ~0.94 ~1.04 ~1.03 t1.25 ~1.OS ~0.85 ~0.75 ~0.70 t1.10 ~1.35 t1.31 

L 
Pv 32,25 32,25 33,00 34.25 35.00 35.75 37.00 38.00 39.25 40.25 41.00 41.75 

t 1.03 tl.03 to. 91 ~1.03 ~0.91 to. 75 to.91 t 1•15 ~0.75 to. 75 to,57 t1.03 
Control 

Pi 28.75 2S.75 29.25 30.50 30.75 31.25 32.00 32.50 33.50 34.25 35.50 37.50 
~2.86 ~2.86 ~2.65 ~2.S4 ~3.09 !.2.89 ~2.91 ~2.72 ~2.72 !.2.49 t2.46 !.2.46 

5 
Pv 32.50 32.50 33.75 35.25 36.00 37,25 37.75 3S.75 39.50 40.75 42.25 43.50 

!1.04 !.1.04 ~0.62 ~0.75 t l •OS !1.1S !0.94 to•94 !.1.04 t1.10 ~O.S5 ~1.32 

Pi 30,50 30.50 31,75 33.50 35.50 37.50 40.00 40,50 45.00 47.00 48.50 50.75 
!,1.04 !,1.04 !,1.03 !,1.04 to•5O !.0.2S to.OO to.2B to•4O to•4O to.2B to•47 

L 
Pv 32,25 32.25 34.00 36.25 3B.75 41.50 43.50 46,50 4S.50 50.75 53.25 55.00 

!0.B5 !0.85 to.Bl !O,47 to.62 ~0.64 !1.04 tl.25 !.1. 04 !I.LO !.l. 37 !.1. 29 
+H 

Pi 29,25 29,25 30.00 31,00 32.75 35,50 37.00 3S.25 40.00 41.25 43.50 46.25 
!,1. 49 !1.49 !L 58 tl.22 !,L18 !L.b5 !,J. 77 !,2.17 !,2.12 !L93 !LB9 t1. 60 

5 
Pv 32.00 32.00 34.00 36.50 39.00 42.00 44.00 45.50 47.25 47,50 50,75 52.50 

!,I,29 !,I,29 !oI,OS ~O,95 !1.OB !,1,22 tl,OS to.50 !,0.b2 !1.10 to.as tl.04 



Table 9.3 (contd.1 

MONTHS 
Treat- Condi- Species 

lent tian /I A J J A 5 0 N D J F 

Pi 30.50 30.50 32.50 34.50 36.00 36.75 38.75 40.25 41.50 43.00 44.50 46.00 
tl.32 !.1.32 tl.65 t1.19 t1. 08 !.0.85 to. 85 t l•03 to.95 !.O.91 !.1.19 !.1.22 

L 
Pv 32.25 32.25 33.75 35.50 36.75 38.75 41.50 43.50 45.75 47.75 49.50 50.50 

to.85 t o.85 to.as !.0.64 t 1•43 !.1. 31 !.1.19 !.1. t q !.t.45 !.!.OJ t1•04 :to.64 
+P 

Pi 29.50 29.50 30.50 31. 75 32.75 34.00 34.50 36.50 38.75 40.50 42.00 4.3.75 
tl.32 t1.32 t 1•32 :t1. 65 !.1.79 t 2.12 t2•21 !,I.B4 tt.lO to.64 to.91 t1. 10 

S 
Pv 32.50 32.50 34.25 36.25 38.00 39.50 40.50 41.50 43.00 44.50 46.50 48.00 

to .64 t o•64 t o•94 t1.10 tl.22 t o•95 !.0.64 to.50 to•7O !.O.64 !.O.64 to.70 

Pi 30.00 30.00 31. 75 33.75 35.00 36.25 37.25 38.25 39.75 40.50 43.00 44.25 
to•91 !.O.91 t o•62 to. 47 !.0.91 to•75 !.I.IO t1.31 tl. 37 to. 95 tl. I5 tl.31 

L 
Pv 32.25 32.25 33.50 35.25 37.00 38.50 39.50 41.00 42.50 44.25 46.50 47.75 

!.1. 03 !.1. 03 t o•91 !.0.86 t o.86 !.O.91 !.O.64 :t.0•91 t1. 04 tl. 18 tl. 04 :!:.I.I0 
+K 

Pi 29.75 29.75 30.50 31.50 32.50 32.75 33.50 35.00 36.25 37.25 38.75 40.25 
to•43 to•43 !.1.93 t1•93 !.1. 55 !.1.31 !.1.25 !.1.22 !.1.25 !.1. 25 !.1. 43 :t1•49 

S 
Pv 32.50 32.50 34.50 35.50 37.00 38.50 39.75 41.50 42.25 43.50 45.00 46.50 

!.0.86 :to. 86 !.0.64 t o.28 !.0.41 :to.28 t o.62 to•64 !.O .62 !.0.64 t o•57 t o.64 
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Table 9.3 Icontd.) 

"ONTHS 
Treat- Condi- Species 

lent tion II A 11 J J A S 0 N D J F 

Pi 30.75 30.75 34.25 33.00 31.25 35.25 36.50 37.75 39.00 40.50 41.75 43.00 
!,O.94 !,0.94 !,1.1B !,l. 41 !,1.54 !.1.79 !.1.55 !,1.31 t1.35 !,1.50 !.l.b5 !,1.41 

l 
Pv 31.25 31.25 32.25 33.25 34.75 36.00 36.75 38.00 38.75 39.50 41.00 42.00 

!,1.10 !,1.IO !,1.31 !,1.31 !,O.a5 to. 7O !,o. as !,O. iO t o•75 to .64 to. 57 to•91 
N+P+K 

Pi 29.25 29.25 30.50 31.50 32.50 34.50 36.00 37.50 39.25 39.75 41.25 42.25 
t1.10 t1.IO !,l. 06 !,O. eb !,O.Bb !,0.50 !,0.70 !,O.eb !,!. 03 !,1.03 !,O.75 !,1.10 

5 
Pv 32.25 32.25 33.75 35.25 36.50 38.00 39.00 40.50 41.50 42.00 43.50 45.00 

!,1.93 !,1.93 !,l. BB !,!.60 !,1.50 !,1.22 !,1.29 !,1.04 !,1.19 +1. 47 !,1.75 !,2.04 

Analysis of variance 

Source of variation Significance level 

Light Shade 

Nutrient P <0. (H P <0. (H 

Time P <0.01 P «1.01 

Species P <0.01 P <o.(n 

Nutrient x Time P < o. ()l P <0.01 

Nutrient x Species P <0.01 P <0.01 
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Table 9.4 . Effect of nutrient amendment on leaf area (cm2/plant 

+ SEM) of P. lnslgne (Pi) and P. vl1Josum (Pv) in light 

and shade conditions. 

MONTHS 
Treat- Condi-Species 

lent tion " A J J A 5 a N 0 J F 

Pi 70.66 70.66 73.79 76.93 79.44 82.58 84.46 86.97 90.11 94.50 97.64 100.7B 
:t.2.B3 !,2.37 !,2.61 !,2.58 :t.3•1J !,2.71 !,2.14 :t.I.BB tl. 77 t2•7B !,3.39 !,3.30 

L 
Pv 93.15 93.15 95.58 99.63 102.06 104.50 108.47 111.64 115.83 119.07 121.50 123.93 

tJ·33 :t.3.33 !,2.95 !.3.33 t2•95 !,2.43 !,2.98 :t.3.81 :!.3.33 !,2.43 !,1. 87 !,3.33 
Control 

Pi 67.52 67.52 6B.14 70.8b 71. 91 73.16 75.05 76.30 78.80 80.69 B3.83 8B.Bb 
!,8.87 !,a.87 !,b.67 !,8.90 y.76 ~}.27 !.l.31 !.6.B3 t 6•83 !.b.26 !.6.19 !.6.19 

S 
Pv 96.66 9b.66 98.01 102.87 105.30 109.35 11 O. 97 114.21 116.64 120.56 125.55 129.60 

!.2.47 !.2.47 !.2.03 !.2.43 !.3.49 !.3.82 !.3.06 !.3.06 !.3.37 !.3.70 !.2.7b !.4.28 

Pi 71.29 71.29 74.42 78.B2 83.84 88.8b 95.13 100.78 1/)7.69 113.7/) 116.47 122.11 
!.2.61 !.2.61 !.2.58 !,2.61 !.1.25 !./).72 !.O.OO !.O.62 !,1. 02 !,t.43 !.O.72 !,1. 20 

L 
Pv 93.15 93.15 98.07 106.11 114.21 123.12 129.60 139.32 145.80 153.09 161.19 166.87 

!.2.76 !.2.76 !.2.74 !.t. 55 !.2.03 !.2.09 !,3.37 !.4.07 !.3.37 ~).59 !.4.46 !.4.17 
+N 

Pi 68.14 6B.14 70.03 72.54 76.93 84.0B B7.60 90.73 95.13 98.26 103.91 110.19 
!.3.74 !.3.74 !.3.96 ~.3.07 !,2.96 !.3.61 !.3.86 !.5.45 !.5.32 !.4.84 !.4.75 !.3.54 

S 
Pv 92.40 92.40 98.82 106.92 115.02 125.74 131.22 136.08 141. 75 147.42 153.09 158.76 

!.4.13 !.4.13 !.3.49 !.3.W !.3.49 !.3.96 !.3.49 '!.1.62 !.2.Q3 !.2.Z9 tZ. 76 '!.3.37 
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Table 9.4 : (contd.) 

"ONTHS 
Treat- Condi-Species 

lent tion 11 A J J A 5 0 N D J F 

Pi 71.29 71.29 76.30 81.33 85.09 86.97 91.99 95.76 98.90 102.66 106.43 110.19 
t3.31 !,3.31 !,4.16 !,2.98 !,2.71 t2•14 !,2.14 !.2.58 t2.40 !.2.29 !,2.98 !,3.07 

L 
Pv 93.15 93.15 98.01 103.68 108.54 114.21 123.12 129.60 136.08 143.37 149.04 152.28 

!,2.76 !,2.76 !.2.76 !,2.09 !,3.96 !,4.26 !.3.85 !.3.85 !,4.28 !.3.33 !.3.37 !,2.09 
+P 

Pi b8.78 68.78 71. 29 74.42 76.93 80.07 81.32 86.34 91.99 96.38 100.15 104.54 
!.3.32 !,3.32 !,3.32 !,4.14 !,4.51 !,5.32 !,5.56 !,4.63 !,2.78 !,t.62 !,2.29 !,2.78 

5 
Pv 93.96 93.96 99.63 106.11 III. 78 116.64 119.88 123.12 127.98 132.84 139.32 144.18 

!.2.09 !,2.09 !,3.0b !,3.59 !,3.96 !,3.1 I) !,2.09 !,1.b2 !,2.29 !,2.09 !,2.09 !,2.29 
Pi 70.03 70.03 74.42 79.45 82.bO 85.71 86.35 88.22 94.50 98.27 102.bb 105.80 

!,2.29 !,2.29 !,1.57 !.1.20 !,2.29 !,1. 88 !,1.62 !.2.78 !.3.45 !,3.30 !,2.89 !,3.30 
l 

Pv 93.15 93.15 97.20 102.87 108.54 112.65 116.64 121. 50 126.36 132.03 139.32 143.37 
!,3.33 !,3.33 !,2.80 !,2. 76 !,2.95 !,3.29 !.2.09 !,2.95 !,3.37 !.3.82 !.3.37 !.3.59 

+K 
Pi 69.40 69.40 71.29 73.79 76.30 76.93 78.82 82.58 85.71 88.22 92.74 95.75 

!,4.27 !,4.27 !,4.86 !.4.85 !.3.90 !.3.30 !,3.15 !.3.t)] !.3.13 !.3.13 !.3.72 !.3.74 
5 

Pv 93.96 93.96 100.44 103.68 108.54 113.40 117.45 123.12 125.55 129.60 134.46 139 •. 32 
!.2.80 !,2.80 !.2.09 !.(: • 93 !.1.32 !.O.93 :!:.2.03 !,2.09 !.2.03 !,2.09 !.I.B7 !.2.09 
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Table 9.4 : (contd.) 

MONTHS 
Treat- Condi-Species 

lent tion M A J A S 0 H D J F 

Pi 71.91 71.91 75.b8 77.60 80.70 83.20 86.35 89.48 92.b2 96.39 99.52 102.66 
t 2•37 !.2.37 !.2.96 !.3.54 !.3.BB ±.4.51 +3.90 !.3.30 :!:.3.30 ±.3.76 :!:.4.14 ±.3.54 

L 
Pv 89.91 89.91 93.15 96.37 101. 25 105.30 107.66 111. 78 114.21 116.64 121. 50 124.74 

:!:.3.59 :!:.3.59 :!:.4.26 t4.27 :!:.2.7b ±.2.29 :!:.2.7B :!:.2.29 :!:.2.43 :!:.2.09 ±.I.B7 !.2.95 
N+P+K 

Pi bB.15 68.15 71.29 73.79 76.30 81.32 85.09 B8.85 93.24 94.S0 98.2& lOt. 01 
:!:.2.78 t2.78 :!:.2.98 :!:.2.17 :!:.2.17 ±.1.2S t1. i7 t2•17 t 2.58 t 2•58 tl.B8 t2•84 

5 
Pv 93.IS 93.IS 98.01 102.87 106.92 111. 80 lIS.02 119.BB 123.12 124.74 129.bO 134.46 

tb.25 t6.2S tb.lt :!:.5.18 :!:.4.Bb ±.3.97 ±.1.IB :!:.3.37 :!:.3.B5 t 4•7b ±.5.bB ±.6.bl 

Analysis of variance 

Source of Variation Signifcance level 

Light Shade 

Nutrient P <0.01 P <0.01 

Time P <0. (11 P <0.01 

Species P «1. 01 P <0. eH 

Nutrient x Time P <0.01 P <0. (ll 

Nutrient x Species - P <0.01 P <0.01 
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Table 9.5 . Effect of nutrient amendment on floral s-talk (cm/plan-t 

+ SEM) of P. insigne (Pi) and P. vil10surn (Pv) in 

light and shade conditions. 

MONTHS 
Treat- Condi- Species 

ment tiOD A S () N D J 

Pi 9.00 11.25 23.00 26.25 21.50 21.50 
+0.40 ±.1 .60 +1.80 +1.65 +1.00 ±.1.00 

L 
Pv 8.25 15.80 20.15 24.00 25.80 25.80 

±.0.50 ±.1.03 ±.0.50 to. '70 ±.0.90 +0.90 
Control 

Pi 9.00 11.00 21.33 25.3:) 26.3:3 26.33 
±.O.80 ±.1.00 ±O.90 ±1. :J3 +0.90 ±0.90 

S 
Pv 8.00 15.00 21.00 25.00 26.00 26.00 

±.0.51 ±.1.00 ±.0.60 ±,O.f;O ±.O.33 ±.O.33 

Pi 10.50 19.50 25.50 21. 'fb 29.30 29.30 
+0.30 :to.90 +0.90 ±1.03 ±.O.50 :to.50 

L 
Pv 1.50 15.00 20.15 26.00 27.00 2'7.00 

±.0.60 +0.81 +0.47 !.O.40 ±O.40 ±O.40 
+N 

Pi 6.10 13.33 18.33 24.70 27.00 21.00 
+0.90 ±.1.70 +1.20 :tl.45 tJ .15 ±1.15 

S 
Pv 1.25 13.50 21.00 2'7.30 27.80 27.80 

±.0.75 ±.1.32 +0.40 ±.O.50 +0.30 ±0.30 

Pi 8.50 16.15 24.25 21.25 28.00 28.00 
±.0.60 ±,O.15 ±.1.31 ±.1 .03 +1. 00 ±.1.00 

L 
Pv 'I . 25 16.25 22.00 2-1.1!) 25.00 2!>. no 

±0.80 ±1.18 +1.94 ±1.65 .tJ .30 ±.1.30 
+P 

Pi 8.00 11.33 26.00 28.10 29.00 29.00 
:to.50 to.10 +1.20 +.0. BO t.0.5'7 1:0.57 

S 
Pv 7.33 16.33 21.70 25.00 26.()0 26.00 

±1.04 ±.1 . 70 2.33 .-u .52 ± I. 4!j ±.l.45 



Table 9.5 (contrl.) 

MONTHS 
Treat- Condi- Species 

ment tion A S 0 N D J 

Pi 6.25 16.50 23.50 26.00 21.00 21.00 
+0.80 ±,1.20 +1.55 +1.10 +1.20 ±.1.20 

L 
Pv 9.50 13.00 20.50 25.25 26.00 26.00 

+1.00 +1.08 ±O.SO ±0.50 ±O.10 +0.10 
+K 

Pi 10.33 11.33 22.33 26.00 26.00 26.00 

• ±0.90 +1.20 +1.45 +1.00 +1.00 +1.00 
S 

Pv 6.00 12.10 20.10 26.00 21.00 21.00 
+0.90 +1.45 +0.10 ±1.00 +0.10 +0.10 

Pi 10.50 11.00 24.00 21.00 28.50 28.50 
+0.60 +1.50 +1.50 +1.80 +0.95 +0.95 

L 
Pv 7.00 15.25 21.25 25.25 26.25 26.25 

+0.91 +1.30 +0.80 +0.85 +0.50 +0.50 
N+P+K 

Pi 10.00 11.00 23.00 27.33 28.00 28.00 
+0.60 ±.2.oa +1.52 +1.20 +1.45 +1.45 

S 
Pv 8.70 16.33 21.00 26.33 21.00 21.00 

±0.33 +1.20 +0.60 ±.0.90 +0.1(J +0.10 

Analysis of variance 

Sources of variation Significance level 

Light Shade 

Nutrient P <0.01 P <0.01 

Time P <0.01 P <0.01 

Species P <0.05 P <0.01 

Nutrient x Time NS NS 

Nutrient x Species P <0.01 P <0.01 
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-when the light intensity ranged be"t-ween 14400 lux and 2:1600 lux 

during the one year growth period. However, significantly 

greater plant length of P. InsIgne than that of P. vl110sum in 

ni trogen amended soil suggests that "the former spec ies can 

utilize nitrogen "in a better -way than the lat"ter. Further, 

nitrogen supply enhanced offshoot production more than any other 

nutrient in P. insigne under lighted condition. This indicated 

that relatively bright light and higher soil nitrogen level 

helped offshoot production in the plant. This is 

with the results of Daniels (1986) who found that 

even a small quantity of nitrogen in exposed 

produce greater number of fronds in Pterldium 

in conformity 

addition of 

sunlight, did 

acquilinum. 

McIntyre (1977) reported that nitrogen application overcomes 

apical dominance in several plant species. Production of side 

shoots in Diplacus aurantlacus also increased with the increase 

in nitrogen supply (Gulmon and Ghu 1981). Addition of nitrogen 

and phosphorus enhanced offshoot production in Adenostoma 

(McMaster et aI. 1982). Higher nitrogen level stimUlated 

offshoots or tillers in rhizomatous angiosperms (McIntyre 1964, 

Kirby 1980). The inhibition of new offshoot production in P. 

villosum in low light condition even after Nand NPK applications 

to soil indicates that low light intensity was probably below the 

critical limit essential for the initiation of vegetative buds 

responsible for the formation of offshoot. Daniels (198fl) 

reported that fewer fronds were produced in Pte'"ldlUm acquil1num 

under reduced light inLensity as compared to Lhe IdHher lif~ht 

intensity. 

Onder relatively bright light condition and nitrogen 
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application both the species showed higher leaf length and leaf 

area as compared to other nutrient treatments. This observation 

c~ms the results obtained in . .4rdhephora ampl.dacea under 

~~trogen treatment in green house condition (Omaliko et .>1. 1987) 

~as well as in field trials (~lliams and Mohamed 198!) ~~_~~2 . .: In 

sand culture Bradshaw et ai. (1964) reported similar results on 

several grass species grown under different nitrogen levels. 

Eupatorium species also showed increased leaf area with 

increasing nitrogen level in the soil (Tripathi & Yadav 19U2) and 

in DipJacus aurantiacus, individual leaf area was reduced due to 

reduction in nitrogen supply (Gulmon & Chu 1981). Vermeer (1986) 

observed greater shoot biomass in Circio-Hoilnietum with nitrogen 

application than other fertilizer ·treatments. 

With nitrogen application light seemed to have no effect on 

the root length of both the species in which better growth were 

observed in both the light regimes whereas P, K and NPK 

application showed supressed root length of P. JT'!:.:::.lqne 

particularly in shade. The effect was, however, insignificant, in 

case of P. vlliosum. Relatively brighter light condition and 

nutrient application favoured root production in both tl~ 

species. Daniels (1986) reported an increase in rhizome length 

when treated wi th NPK and the increase was a] mO!i t douhLe than 

that of the untreated plants. 

The overall resul ts of the study suggest t.haL both t.he 

species responded better to nitrogen amendment under relatively 

higher light intensity. 

1 1 ' 



--------------- --------------------------

EFFECT OF OFFSHOOT DENSITY 

The clonal growth habit is one of the most widespread and 

important forms of asexual reproduction in plant~ (Cook 1983, 

Hartnett & Bazzaz 1983). The population growth of perennial 

clonal plants is an interesting field of study both for 

geneticists and ecologists (Nobel et al. 1979), basically due to 

intractable problems associated with research on such plants_ 

Sagar & Mortimer (1976) aSf"!ribed the problem to the occurrence of 

overlapping generations whereas Jansen (1977) explaiIwdthe 

difficulty in defining an individual plant, but the most cri-tical 

problem is the presence and existence of bot.h vegetative 

propagation and sexual reproduction in the clonal plants (Thomas 

& Dale 1975). 

Studies on demographic analysis and dynamics of many 

perennial plants under natural habitats have been undertaken by a 

large number of workers (Nobel eta 1 1979, Barkham 1980, I.Jovett 

Doust 1981c, Kushwaha et al 1983b). In explaining 

and regulation of plant populations, effect of 

int~erspecific compet.ition on different speeie~; 

the dynamics 

intra and 

have betH} 

intensively investigated by many workers ~Harkham 1980, Reader 

1985, Brown et- c11 1985, Keith & Levin 1986). But ~t.udies dealing 

with the effect of offshoot density on the growth of orchids in 

general and on these two terrestrial orchid species- P. 

and P. vlllosum in particular, have not yet been carried out. 

Germination of orchid seeds either lrl ~'r(f,\ '.)1" T1I V..'I/(' Is 



extremely low therefore they generally multiply by veget.ative 

means. In the genus PaphlopedllulII also seed germination is very 

difficult (Pierik et al 1988). This is compensated by vegetative 

propagation through offshoots whose number differs from species 

to species. This chapt,er examines the effect of offshoot dens! ty 

on the vegetative and reproductive growth in the two species of 

.Paphiopedilum. 

MATERIALS AND METHODS 

Originally an experiment was planned to study the effect of 

population density on the growth of plant in natural populations 

of these two species. For this purpose field surveys were carried 

out in different parts of Meghalaya and the information about 

their occurrence in nature was gathered from different sources. 

But it was found that even in Cherrapunjee and Jaintia Hills, 

from where the earlier workers have reported maximum occurrence 

of these species, the population has been drastically reduced, 

leaving only few plants here and there. Therefore the study of 

the effect of population density on the growth behaviour in 

natural habitat could not be conducted. Thus au experiment; was 

conducted in a nursery situated at Upper ShilJonl1 about 5.H:} Km 

west of Shillong city. where both the species are raised in field 

under semi - natural comH tion. The nursery bed~ wlH'~re t,he plants 

were raised, were shaded by means of bamboo sticks with climbers 

entwined over j t. The llur.sery beds .in whieh the t~xperi men twas 

conducted were not distJurbed for one year before Lhe commmlGement 

of the experiment, that .b;, no plant; was ei t.her· pili led or dug out 



from the experimental beds for any purpose. 

Six quadrats of 50cm x 50cm, three quadrats for P. lnsigne 

and three for P. ~I iII osum J were laid down in t.he month of January 

1990. Number of plants as well as the number of offshoot on each 

plant were counted in each quadrat. The density of plant per 

quadrat was more or less the same for both the species, but the 

number of offshoots per plant varied from 4 - 6 in p~ InsIgne and 

1-3 in P. vil1osum. The plants bearing different offshoot number 

were marked in each quadrat and they were grouped into different 

categories viz.. Dl (4 offshoots and 1 offshoot/plant), D2 (5 

offshoots and 2 offshoots/plant) and D3 (6 offshoots and 3 

offshoots/plant) for P. Hlsiqne and P. vil10sum respectively. 

Growth parameters of these plants were measured at monthly 

intervals during January 1990 to January 1991 and the results are 

discussed in this chapter. 

RESULTS 

Offshoot number 

The difference in offshoot density per plant showed a marked 

effect on offshoot production in both P. !nslqnp and P. 

villosum. It can be seen from data presented in Table 10.1 & 

10.2, that both the species produced maximum number of offshoots 

in the second category i.e., plant bearing 5 offshoots for P. 

Insigne and 2 offshoots for P. vil1osum. Newoffshoot formation 

started in May and culmlnated in November. 1\ !>JiehL deviation 

was, however, observed in ./-'. L'111o.~~um where formation 01! offshoot 

was initiated a little IJte in the first (one ()ffshoot/plant) and 
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Table 10.1. Effect of offshoot density of parent plant on the 

growth of new offshoot in P. insigne 

number of offshoots/parent plant 
Month 

4 5 6 

Feb 4.00+0.00 5.00+0.00 6.00±0.OO 

Mar 4.00±0.00 5.00+0.00 6.00:!:O.00 

Apr 4.00±0.OO 5.00+0.00 6.00±O.OO 

May 4.33+0.33 5.33±O.33 6. 3:3±O. 33 

Jun 4.33+0.33 5.33±.0.33 6. 66±_O . 33 

Jul 4.33±0.33 5.33±0.33 6.6()±O.33 

Aug 4.66±0.33 5.66±0.33 7.00:tO.50 

Sep 4.66+0.33 6. 33±0. 3:-3 7.00±O.50 

Oct 5.00±0.00 6.33±0.33 7 . 3:-J:tO. :J3 

Nov 5.00±0.00 7.00±0.05 7.33+0.33 

Dec 5.00±0.00 7.00±0.05 '7 • ()6±O . 33 

Jan 5.00±0.OO 7.00±O.05 7. 66±J). 33 



Table 10.2. Effect of offshoot density of the parent plant onclle 

growth of new offshoots in P. vll1('·.;um 

number of offshoots/parent plant 
Month 

1 2 3 

Feb 1. OO±O. 00 2.00±O.OO 3.00:*:.0.00 

Mar 1.00±0.00 2.00+0.00 3. OO:f.:.O. 00 

Apr 1.00+0.00 2.00±0.00 3.00±.O.OO 

May 1. 00+0.00 2.00+0.00 3.33±.O.33 

Jun 1. 33±.0. 33 2.66+0.33 3.33±.O.33 

Jul 1. 33±0. 33 2.66±0.33 3. 66~tO. 33 

Aug 1. 66±.0. 33 2.66±0.33 3.66+0.33 

Sep 2.00±0.OO 3.00 0.00 4.00±.O.OO 

Oct 2.33+0.33 3.33+0.33 4. 33:tO. 33 

Nov 2.33±O.33 3. 66.T_O . :-l3 4.33±O.33 

Dec 2.66±.O.33 3.66±.O.33 4.33±.O.33 

Jan 2.66±.O.33 4.00±.O.OO 4.33±O.33 
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second (two offshoot/plant) categories. 

Leaf number 

Production of new leaves followed the trend of the offshoot; 

it increased significantly (P <0.05) with the increase in 

offshoot density in both the species (Table 10.3 and Table 10.4). 

The timing of new leaf formation did not show any change, in both 

the cases it occurred during April to November. 

Leaf length and leaf area 

In both the species total leaf length and leaf area attained 

the peak where the offshoot density was maximum i.e 6 offshoots 

per plant in P. inslgne and 3 offshoots per plant in P. 

but the growth rate in P. in$igne was significantly 

~/i.llo:..:;umJ 

(P 

higher at 5 offshoot density level and in P. ~'i 1 .1 o:;um 

<0.05) 

at 3 

offshoot densi ty level as compared to other densi·ties (Tables 

10.5 & 10.6). In P. in:..qgne at highest offshoot density level the 

rate of increase was the lowest, whereas the reverse was seen in 

case of P. villo$um. The growth in leaf length as well as in leaf 

area in both the species continued till the end of the experiment 

(Table 10.7 and 10.8). 

Flower 

All plants in each quadrat produced flower (Fig. 10.1). The 

number of flower increased with an increase in the number of 

offshoot in case of P. inslgne but not in P. villo5urn (Fig 10.2). 

Fig 10.3 shows the growth rate of floral stalk of the two 

species. The length of the floral stalk increased almost in 

linear fashion upto 90 days, thereafter, the growth slowed down 

and became stable after 120 days till the end of the observation 

period. Offshoot density did show significant effect, on the 
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Table 10.3. Effect of offshoo-t density on the parent plant on 

leaf growth (leaf number/plant) in P. lnsiqne. 

Month 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Jan 

number of offshoots/parent pl.ant 

-----------_ .. _-----

4 5 6 

16.66±.0.33 18.00±.1.15 24.00:t0.57 

16.66±.O.33 18.66±.0.88 24. 33±_O. 33 

17.33+0.66 19.00+1.15 24.66±.0.33 

17.33±.0.66 19.00±.1.15 25. H6±JJ . 33 

17.66±.0.33 20.00+1.15 25. 66:tO. 33 

17.66±.0.33 20.00±1.15 :1. 6 . :J:-J+J) . £H; 

18.33+0.66 20.00+1.15 26.66±.O.33 

18.33±.O.66 21.00±'1.15 26. ()6:!J). ~J:1 

18.66+0.88 21.00+1.15 21.00±.0.57 

18.66±0.88 22.00:tl.15 2" . 33±_O. :-13 

18.66±0.88 22.00:t1.15 27.33+0.33 

18.66+0.U8 22.00±.1.15 27. 33±_0. 33 

Analysis of variance 

Sources of variation 

Density 

Significance level 

P <0.05 

Time P <0.05 



Table 10.4. Effect of offshoot density on the parent plant on 

leaf growth (leaf number/plant) in r. villosum 

number of offshoots/parent plant 
Month 

1 2 3 

Feb 6.66±0.33 9.00±0.57 11.66±0.66 

Mar 6.66±0.33 9.33+0.33 12. :DtJ). 88 

Apr 7.33±0.66 10.00:tO.57 12.66±O.66 

May 8.00±O.57 10.00±.0.57 13. :i3±.O. 88 

Jun 8.00+0.57 10.66±.O.33 13. :-}3±O. 88 

Jul 8.66±0.33 11. OO±O. 57 14.00±0.57 

Aug 9.33±0.66 11.00+0.57 14.00±O.57 

Sep 10.00+0.57 11.33±O.88 14.66±.O.H6 

Oct 10.00+0.57 12.00±0.57 1.5.33±0.88 

Nov 10.00±0.57 12.00±O.57 15. :3~JH). 88 

Dec 10.00+0.57 12.00±0.57 16.00±1.00 

Jan 10.00+0.57 12.00±O.57 16. OO.:tJ .. 00 

Analysis of variance 

Sources of variation Significance level 

Density P (O.Ob 

Time P (0.05 



Table 10. b. l!:ffect of offshoot density on ·the parent plant on the 

growth of leaf length (total leaf length, em/plant 

Month 

~·eb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Jan 

:tSEM) in P. lnslgne 

number of offshoots/parent plant 
-----:----------

4 5 6 

lUI. ti6±.5. rfB 185.66:tl.33 359.66+1.56 

183.33±.5.49 18B.OO±2.08 362.33±1.76 

185. 6'l±.4. 91 190.33±.2.18 364.00+1.52 

187.67±.4.33 193.00±.2.51 366.00+2.08 

191.00±.4.04 195.33±3.18 368.33+2.33 

193.33:t3.18 198.33+3.28 370.33±.2.18 

196.00:t2.89 201. 33±.3. 84 373.00+2.00 

198.00±.3.79 204.33±.3.84 374.66+1.33 

200.00±3.21 206.67±.3.93 377.00+1.00 

201.33±.3.53 209.00±.3.51 378.66+1.33 

204.00:t3.60 212.66:t3.33 380.00+1.00 

206.67:t4.26 215. 33:t3. 67 382.00+1. 52 

Analysis of variance 

Sources of variation 

Density 

Significance level 

P <0.01 

Time P <0.01 
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Table 10.6. Effect of offshoot density on the parent plant on the 

growth of leaf length (total leaf len~th, em/plant) 

Month 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

. Oct 

Nov 

Dec 

Jan 

in P, vl1103um. 

- .. _-----._----

Number of offshoots/parent plant 
----------------------.-----_ .. -._-- _._ ... -----_._--

1 2 3 

91.33±2.66 131.33±0.66 155. OO±.3. 00 

92.33±2.66 132.66+0.88 157.00:t3.00 

93.33+2.66 135.00+1.15 159. 3;}±.:J. 33 

95.00±2.08 137.00±1.52 162.00±3.00 

96.33±1.76 140.00±1.52 164 . (JO!:3 . 00 

97.33±1.76 141.66±1.33 166. 6'l±2. 66 

98. 67±1. 85 143.00±1.52 169. OO±.2. 51 

100.67±2.40 145.33±1.20 l'fl. 33.±.2. 85 

102.33±2.73 147.00±1.52 1 '74 . () 0 ±2 . 51 

104.33±2.73 149.00±2.08 176.00+2.51 

106.33+2.66 151.66+2.03 1 'f 8 . 33 ±2 . 85 

108.33±3.18 152.66±2.45 1°f9. 33±2. 85 

Analysis of variance 

Sources of variation 

Density 

Significance level 

P <0.01 

Time P <0.01 



Table 10.7. Effect of offshoot density 011 the parent plant on the 

growth of leaf area (total leaf area, cm2/plant ± 

SEH) in P •. lnS1(:;ne. 

Month 

Feb 

Har 

Apr 

Hay 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Jan 

-------------.--------------

Number of offshoots/plant 

4 5 6 
.---

449.04+13.82 458.24±.3.35 09'7 . 49:t5 . 09 

453.19±13.00 464.10±.5.22 904.19+4.43 

459.08±.11.59 469.96±.5.49 908. 34:t:3. 83 

463.26±.10.88 475.65+7.31 913.39±.5.22 

471.63±10.14 482.51±.7.98 919. 25±.5. B6 

477 . 48±", . 98 490.04±.8.24 924. 2H±.5. 49 

484.18+7.25 497.57±9.65 9:iO. 96±.5 . 02 

489.72±.9.50 505.10±9.65 935.14±3.35 

494.21±.8.07 510.95±9.86 941 . () 0 ~t2 . 51 

497.57±.8.85 516.81±.8.81 945.1U±.3.35 

504.26±.9.05 526.01±8.37 948. 5:J±2. 51 

510.95+10.68 532.71±.9.20 953.61+3.78 

Analysis of variance 

Sourcen of variation Significance level 

Density 

Time 

P <0.01 

P «1. OJ 



Table 10.8. Effect of offshoot density on the parent plant on the 

growth of leaf area (total leaf area, cm2/plant) in 

Month 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Jan 

P. ~'l 1 1 0 :.~ U m • 

Number of offshoots/plant 
------------

1 2 3 

284.58±7.73 414.18±2.16 490.86±9.72 

287.82±'1.40 418.50+2.86 49'1 . 34±9. 72 

291.06:tB.64 426.06±3.74 504.90±10.80 

296.46±6.74 432.54±4.95 513. 54±9. '12 

302.93±6.49 442. 2'1±4. 94 520. 02_iJ~. 72 

304.02±.5.71 447.66±.4.32 528.66t.B.64 

308.34:t6.01 451.98!.4.95 b:W . 2~~:UJ . t ~) 

308.34±6.01 459.54±3.89 538. 55!." . 53 

320.23±8.84 464.94:t4.95 !>52. 42±.8 . 15 

326.70±8.84 471.42±6.74 558. 90±H .15 

333.18:t8.64 480.06±7.79 566.41±_9.17 

339.66±.18.30 483.30±7,79 5'l1.H6±,9.72 

Analysis of variance 

Sources of variation Significance level 

Density 

Time 

1~4 

P <0.01 

P «1. 01 
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stalk length but not on the floral characters. In both the 

species plants with lesser number of offshoot (D I > showed longer 

floral stalk than the other two densities. 

DISCUSSION 

All the measurements in this experimen t were done on ·the 

aboveground parts without disturbing the plants in any way. The 

offshoots originate at the base of the parent plant and they lie 

very close to each o·ther. Since in the new offshoots roots arise 

relatively late, they depend for water and nutrient requirements 

on the root system of the parent plant. therefore, there in every 

likelyhood of competition for resource::; among the offshoots. In 

this experiment it was not possible to know precisely whether 

there existed any competition or not, but the results suggest 

that as the number of offshoot increased on the parent plant., 

it influenced mainly the vegetative growth. In case of P, 

~I iII o:.."um the number of new leaves and its growth increased as the 

number of offshoot per plant increased while in P. in:..:::igne it 

declined after 5 offshoot density. Partitioning of resources in 

relatively larger number of offshoots could be the probable 

reason for such a response by P. i n:..~ i gn e . ~indings of Kirby 

(1980) and Hartnett and Bazzaz (1983) show that resources for 

which new seedlings depend on parenL~; durlnn c!.tnb.1 iBhmenl. play 

important role in their survival rate. 

Duringt.he .5Lwly period, mortality in o[f!.iJoot. and Jeaf was 

not observed in the two species. It seems t.hat offshoot crowding 

ont.he parent plant did HOt. reach to t..hat. lev(d where It could 



cause mortality of newly emerged offshoots due to resource 

competition, rather addition of new offshoots and new leaves 

contributed to ·the increase in vegeta ti ve grow th of the plan t 

thus helping in vegetative propagation. This agrees with the 

findings of Tamm (1972), Barkham (1980) and Pitelka et al (1984). 

Nobel et al. (1979) observed that the dynamics of plant 

population of Care.":>.· arendrld depends on birth and death of its 

clonal modules. 

12ti 



GENERAL DISCUSSION 

The great demand of P. insigne and P. ~'il1o$um as ornamental 

plants, both within and outside the country is the main reason of 

overexploitation of these species leading to the decline of their 

populations to the extent that they have almost reached the verge 

of extinction from their natural habitats, which is restricted to 

certain pockets of north-east India_ The findings of the present 

study dealing with certain aspects of ecology of these two orchid 

species are discussed in the following pages: 

Distribution 

Paphiopedilum species are distributed world wide, except 

Australia (Veitch and Sons 1894)~ Rao (1979)' reported 7 species 

~f Pap,h,iopedilum (P. in$igne.¥ P. ~'il1o$um.¥ P. hir$uti$$imum .• P. 
" \.-. G"'\.vJ'lt 

/' V~~'e;'u.$tumr P. $picerianum. P. tairieanum .• and P. druryi) from 
LO~ f ;)vfi' r; . 

ry-.(., 1 India and Kata~"::.~.~.!.. 'added two more, P. ~lJar d i i Summerh _ from 

Arunachal Pradesh and P. ,:harle$Northii (Royle) Pfitz_ from 

Mizoram to this list_ All species except P. druryi, are found in 

north-eastern part of the country and Sikkim_ Meghalaya is the 

abode of P. insigne!, P. ~'enustum.¥ and P. hir$uti:;::.:::imum whereas P. 

insigne .• P. ~/illosum .• and P.charlesNorthii are found in Mizoram_ 

P. spicerianum is restricted to Cachar district of Assam and P. 

hirsutissimum to Nagaland_ P. Nardii is reported from Arunachal 

Pradesh and P. ~'enU$tum from Sikkim and P. ialrleanum from both 

Arunachal Pradesh and Sikkim_ The lone species, P. druryi is 

found in sou·th India on the top of Calcad hills ('l'ravancore 



Kerala) . 

The two species of Paphiopedilum selected for experimental 

purpose are terrestrial in nature and endemic to north-east 

India. P. insigne was originally reported from Chittagong hills 

now in Bangladesh and Meghalaya and P. viII o:;um from Tenasserim 
r---/ 

(Burma) and Mizoram (Kataki 1984)~( 

----Both the species are now rarely found in their natural 

habitat, as a result of which they have been called by various 

workers as rare, endangered etc. The main reasons for their 

decline are variety of human activities. such as large scale 

commercial exploitation of the species, increase in urbanisa'tion 

and extent ion of agriculture on forest lands which were hitherto 

under protection. clearing of forests for making roads and other 

construction activities, cutting of trees for timber and fuel-

wood purposes. 

Phenology 

The phenological study of Paphiopedilum starting from 

seedling stage to seed setting phase reveals that warm and humid 

condition is conducive for germination of seeds. as a result of 

which seedlings were observed during wet summer. The seedling 

takes several years to become an adult plant which flowers during 

autumn season and flowering is completed during early winter. 

Vegetative reproduction through off shoot is the chief means of 

maintaining its population, since seed germination is very poor 

and depends on various external conditions including mycorrhizal 

association. 



Morphology 

Apparently, morphology of these two species 1s very similar, 

but P. in:..:::iqne generally has more offshoots than f'. ~ll}10.:;um aud 

P. vil1o$um has larger Jeaf t,han P. lrl51ane. 'fhp. floral stalk is 

longer in P. inslqne while flowers are bigger in fl. ~ll1lj)sum. 

Anatomy 

Rosso (1966) reporLed the presence of 10 xylem strands in 

the root of P. In:..:::iqne and 8 xylem strands in case of P. 

~I i 11 o:.:::um , but in the present study 8 xylem st,rauds and 8 phloem 

strands with a well developed pith in the centre were observed in 

both the species. Anatomy of other plant parts viz., leaf and 

floral axis is similar in both the species. 

Effect of watering 

The study dealing with the effect of soil moisture level 

revealed that in monthly watering treatment when the soil 

moisture level ranged between 14 % and 16 %, growth of both the 

species was poorer than in the high moisture regime (ea 32 %) in 

weekly watering treatment. Under low moisture condition, all the 

growth parameters showed a marked reduction. This result, i t· ... ~) in 

agreement with the findings of Sobrado and Turner· (1986) on 

Helianthu:.::: annus and Heiianthu:.- petiolari:.- and McIntyre (1986) on 

Trifolium repens. Tripathi and Yadav (1985) observed similar 

effect of soil moisture condition on dry matter yield of 

Eupatorium adenophorum and Eupatorium rlparJum and Omalir;o and 

Kne-Obong (1987) in .,hlthepl1ora ampulacea. The peak dry matter 

yield under fortnightly watering when soil water conLeIlt varied 

between 21-23 % indicate that this watering interval was suitable 

for the growth of these two orchid species. 

I:. :.l 



Effect of substrate quality 

The study of their growth behaviour in the different 

prepared media showed that presence of organic matter in the 

soil had a marked favourable effect on plant growth. The mixture 

of mineral soil and humus in 1:3 ratio, proved to be the most 

favourable for leaf growth, both leaf length as well as leaf 

area, which led to the maximum dry weight accumulation in both 

the species under this treatment. The mineral soil provided most 

unfavourable condition for growth. 

Effect of light intensity 

The response of P. in$igne and P. villo;;urn to light 

intensity showed that their growth behaviour was far better under 

high light (ca15800) than under low light (ca8300) conditions. 

Reduction in light intensity below this level was more critical 

for reproductive growth of plants, since flowering was completely 

inhibited in shade where light intensity was below this level. 

Although similar studies on other orchids are not available to 

compare the present findings, several studies including those of 

Pitelka et al. (1985) on Aster a,:::uminatu$, Woledge (1986) on 

white clover,Skuterud (1984) on ElY71lu$ repens and Agro:..:;tl$ 

gigantia, Longstreth and Mason (1984) 

philoxeroides show that reduction in light 

on Alternanthera 

intensity below a 

threshhold level may significantly reduce plant growth and 

adversely influence flowering behaviour. 

Effect of soil nutrient level and light intensity 

The experiment conducted to study the combined effect of 

soil nutrient level and light intensity revealed that addition of 

nitrogen to soil significantly increased growth of both P. 

llO 



insigne and P. ~/illo:.::;um, both in the shade and light. Other 

nutrients such as P and K when added either alone or in mixture, 

caused additional improvement. Yadav and Bose (1986) reported 

that nitrogen treatment is very effective in improving growth 

and flowering of Aerides multiflorum Roxb., while P and K 

addition though effective, but their effect was less pronounced 

than that of nitrogen. The positive effect of nitrogen addition 

on other plant species has also been reported by many workers 

(Ingestad 1979, Gulmon and Chu 1981, Daniels 1986, McIntyre 

1986) . In these 

application at the 

surface dressing in 

two species of Paphiopedilllm, 

rate of 0.2g Ammonium Nitrate per 

light condition (ea 18500 lux) 

nitrogen 

pot as 

caused a 

significant increase in growth of above ground parts, whereas, 

addition of P, K and N together at the rate of 0.2g each of 

Ammonium Nitrate, Super Phosphate and Potassium Chloride per pot 

markedly increased root growth. Studies on Pte rid ill mac q 1..1 iIi n i II m 

by Daniels (1986) also showed that N, P and K treatments enhanced 

rhizome growth. 

Effect of offshoot density 

Analysis of shoot growth in relation to offshoot density 

showed that in case of P. vil1o:.::;um, offshoot density has no 

significant effect on the growth of plant, but in case of P. 

inSigne, after 5 offshoots per plant, there was a marked decline 

in the growth of leaf length and leaf area per plant. However, 

when the effect of offshoot density was evaluated on the growth 

behaviour of offshoot itself it was found that in both the 

species, there was a decline in growth of leaf length and leaf 

area with the increase in number of offshoot per pLant. 
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The present investigation was marred by several constraints 

including rarity of plants in nature, its extremely slow growth 

and paucity of literature on the ecology of orchids. Kven then, 

with limited amount of data collected on the ecophysiological 

aspect of two rare terrestrial orchids, it may be concluded that 

environmental requirements of both the species of Paphiopedilum 

are similar and both of them prefer nitrogen rich soil, warm, 

humid and lighted habitat fort-heir growth, development and 

successful flowering. 



SUMMARY 

The thesis presents the results of ecophysiological studies 

on two species of a terrestrial orchid Paphiopedilum, viz., P. 

in:Signe Pfitz. and P. ~/iIIo$um Stein. P. in:.=-iqlle is found in 

Khasi and Jaintia Hills of the state of Meghalaya (India) and 

Bangladesh, while P. ~I iII osum occurs naturally in Mizoram 

(India). Burma ~nd Thailand. Both the species are well known 

ornamental plants and therefore have been exploited by plant 

collectors. Besides this, destruction of humid subtropical 

broadleaved forests has led to drastic reduction in the natural 

populations of these species, so much so, that they have been 

included in the list of rare plant species. 

The present investigation deals with the geographical 

distribution, morphology, anatomy and effects of important 

climatic and edaphic factors on the growth and reproductive 

attributes of these species. 

Chapter 1 of the thesis gives a general introduction about 

orchids, their importance, abundance and exploitation during the 

British rule around the world, their uses and conservation 

measures. 

'l'he review of literature presented in Chapt.er 2 reveals that 

research works on orchids deal mainly with their taxonomy, 

pollination biology and physiology. Ecological studies on orchids 

are rare both in India and abroad. 

The details of solI, climate and vegetation of Shillong, 

where the study was conducted during 1987-1991, are described in 

Chapter 3. 



Phenology 

Both the species grow6>very slow and major portion of 

their life cycle is passed in vegetative phase. The initiation of 

flower in the month of August marks the beginning of the 

reproductive phase of the life cycle. After full blooming in 

autumn (September November), growth of the flower bearing 

offshoot ceases and pod matures in the month of May in the 

following year when the seed are shed. The offshootCs), the chief 

mode of propagation, in both the species, develops from the base 

of the parent plant during February - March and it takAS 2 3 

years to reach to the flowering stage. 

Anatomy 

Anatomically, both the species are similar. The root 

consists of 8 xylem and 8 phloem strands while in the stem closed 

and amphivasal vascular bundles were scattered in the ground 

tissue, similar to other monocot plants. In case of floral axis, 

the vascular bundles were arranged in two rings in the periphery 

leaving a large pith in the centre. The leaves as well as the 

floral axis possessed amphivasal vascular bundles. The floral 

axis as well as root bore trichomes. 

Effect of watering 

Growth of both the species was studied under three watering 

intervals viz., weekly, fortnightly and monthly watering and in 

rain fed (control) conditions. FortnighLly watering (21-23 % soil 

moisture content) was most favourable for the growth and 

development of both the species. In monthly watering where 

moisture content in the soil varied between 14-16 %, a drastic 

reduction in shoot and root growth of both the species was 



observed. With fortnightly watering, the plant exhibited greater 

plant length, leaf length, leaf area and greater offshoot number, 

but the root number, root length and leaf number were 

significantly higher in weekly watering than the control and 

other treatments. 

Root-shoot ratio suggests that weekly watering favoured 

growth in underground parts of the plants while fortnightly 

watering favoured more aboveground parts than the root. 

Total dry weight was maximum in fortnightly watering and 

minimum in monthly watering treatments, thereby indicating that 

in the former treatment, where soil moisture ranged between 21-23 

%, provided the best condition for the growth and development of 

P. insigne and P. vil1osum. When the soil moisture declined below 

this level as in monthly watering treatment, it caused an adverse 

effect on the plant growth in both the species. 

Effect of substrate quality 

Since these two species of Paphioped.i!um are found on the 

forest floor rich in organic matter, an experiment was conducted 

to examine their growth performance in different t.ypes of soil 

containing humus and mineral soil in differeIlt proportions. 

Resul ts of this experiment suggest that most of ·the growth 

parame·ters such as, length oithe plant, root number, root length 

and leaf number were significantly higher in potting medium 

containing only humus as compared to the rest of the ·treatments. 

Other growth parameters particularly the leaf length and leaf 

area showed a significant increase in mineral soil and humus 

mixture (1 : 3) than the other treatments. The value of leaf area 

was, however, more in P. ~il11i)~:.:um than P. lnSl!,!11€'. 



Length of the floral stalk of both P. lnsigne and P. 

viiiosum was reduced significantly in mineral soil as compared to 

other treatments. The reduction was more drastic in P. inSigne 

than p" ~I j 11 osum. 'l'hese treatments did not have any significant 

effect on offshoot production. Total dry weight of plants was 

maximum in mineral soil and humus (1:3) mixture and minimum in 

mineral soil only. 

Effect of light regime 

This experiment was conducted in a net house. where the 

light intensity was artificially reduced by means of white and 

black muslin cloth. Both species showed better growth where light 

intensity ranged between 15000 lux and 22000 lux. Reduction in 

light intensity below this range adversely affected plant growth. 

The effect was more marked in reproductive growth. Both the 

species could not produce flower in shade where mean light 

intensity was about 8300 lux. 

Effect of soil nutrient level and light regime 

In this experiment. same amount (O.2g /pot) of N. P and K 

were added singly and in combinations with a view to study the 

effect of soil nutrients level on these species. Irrespective of 

nutrient addition. the plants. exhibited better growth in light 

than in shade. Among the different nutrient treatments either 

alone or in combination. plant's response to nitrogen amendment 

was the best since almost all the growth parameters v.iz .• length 

of plant. root length. leaf length and leaf, area attained peak in 

this treatment. This effect of soil nitrogen level was further 

magnified in light. 

136 



REFERENCES 

Abrahamson, W. G. 1980. Demography and vegetative reproduction. 

In De~ography and Evolution in Plant Populations. O.T. 

Solbrig (ed). Blackwell Scientific Publications Oxford. 

Ackerman, J. D. 1983. Euglossine bee pollination of the orchid 

Cochleanthes lipscombiae. A food source mimic. Am. J. 

Bot., 70 (6): 830 - 834. 

Adriansen, K. 1980. The effect of growth retardants on the scape 

of Paphiopedilum. Tidsskr. Planteavl., 84 (6): 531 - 536. 

Alexander, C. E., Alexander, I. J. & Hadley. G. 1984. Phosphate 

uptake by Goodyera repen:.::: in relation to mycorrhizal 

infection. New Phytol., 97: 401 - 411. 

Alexander, C. K. & Hadley, G. 1986. Carbon movement between host 

and mycorrhizal endophyte during the development of the 

orchid Goodyera repens. New Phytol., 101 (4): 657 - 666. 

Aliev, A. A., Mashinski, A. L.. Alekperov, U. K.. Fadeeva, S. N., 

Ragimova, G. K. & Merkulov, V. A. 1964. Studying the 

structure of plants cultivated during a space flight. 1. 

Ultra structure of cells of the median blade of orchid 

£pidendrum radicans second leaves. Izv. Akad. Nauk. Az. 

Sere BioI. Nauk., 0 (4): 3 - 7. 

Allen, K. B. & Forman, R. T. 1976. Plant species removals and old 

field community structure and stability. Ecology, 57: 

1233 - 1243. 

Arditti, J. & Tarr, J. B. 1979. Niacin biosynthesis in plants. 

Am. J. Bot .• 66 (9): 1105 - 1113. 

Arditti, J., Jeffrey, D. C. & Flick, B. H. 1971. Post pollination 

phenomena in orchid flowers. Effect and interactions of 

auxin, kinetin, gibberellin. New Phytol .• 70: 1125 

1141. 

Arditti, J .• Flick. B. H. & Jefrrey, 'D. C. 1971. Post pollination 

phenomena in orchid flowers. Induct.ion of symptoms by 

abscisic acid and its interaet;ions with auxin. 

gibberellic acid and kinetin. New Phytol., 70: 333 - 341. 

Arditti, J., Michaud, J.D. & Allison. P. O. 1982. Seed 

germination of North American orchids. 1. Native 

• 



California (USA) and related species of Calypso.~ 

£pipactis .• Goodyera. Piperia and Plat"anthera. Bot. Gaz., 

142 (4): 442 - 453. 

Arekal, G. D. & Karanth, A.K. 1980. In ~'ltro seed germination and 

developmental morphology of seedlings in Vendrobium 

1 aNi anum. Phytomorphology, 30 (1): r(8 - 84. 

Ashraf, M., McNeilly, 1'. & Bradshaw, A. D. 1989. The potential 

for evolution of tolerance to Sodium chloride, Calcium 

choride, Magnesium chloride and sea water in four grass, 

species. New Phytol., 112: 245 - 254. 

Ashmun, J. W. & Pitelka, L. F. 1984. Light induced variation in 

the growth and dynamics of transplanted ramets in the 

under storey herb, A:.=:ter acuminatu$. Oecologia (Berlin), 

64: 255 - 262. 

Assmann, S. M. & Zeiger, E. 1983. CO2 responses in Paphiopedilum 

and Phraqmipedium. Plant Physiol., 72: S-102. 

Assmann, S. M. & Zeiger, E. 1985. StomaLal responses to CO2 in 

Paphiopedilum and Phraqmipedium: Role of guard cell 

chloroplasts. PLant Physiol. (Bethesida), 71 (2): 461 

464. 

Bailes, C., Clement, M., Cribb, P. J. & Muir, H. 1906. The 

cultivation of European orchids. The Kew Mag., 3 (1): 8 -

13. 

Barkham, J. P. 1980. Population dynamics of the wild daffodil 

(Narcissus pseudonarclssus). I. Clonal growth, seed 

reproduction, mortality and the effects of density. J. 

Ecol., 68: 607 - 633. 

Bauder, E. T. 1989. Drought stress and competition effects on the 

local distribution of Pogoqyne abramsii. Ecology, 70 (4): 

1083 - 1089. 

Bergstrom, G., Appelgren, M., Borg-Karlson, A. K., Signhild, G. 

I. & Stromberg, S. 1981. Studies on natural odoriferous 

compounds. Techniques for the isolat.ion - enrichment of 

plant volatiles in the analysis of Ophrys orchids, 

Orchidaceae. Chern. Scr., 16 (5): 173 - 180. 

Bhattacharjee, S. K. 1979. Photoperiodism effects on growth and 

flowering in some species of orchids. Sci. Cult., 45 

138 



(7): 293 - 295. 

Bhattacharjee, S. K. 1981. The effects of nitrogen, phosphorus 

and potassium on growth and flowering of Dendrobiu~ 

moschatum. Gartenbauwissenschaft, 46 (4): 118 - 181. 

Bino, R. J., Dafni, A. & Meeuse, A. D. J. 1982. The pollination 

ecology of Orchis galilaea (Orchidaceae). New Phytol., 90 

(2): 315 - 320. 

Biswas, B. K. 1986. Cytological studies of a few cultivars of 

Indian Lady's Slippers (Paphiopedilum Pfitz). In Biology, 

Conservation and Cultures of Orchids. S. P. Vij (ed). 

Published by Affiliated East-West Press, Private Limited. 

New Delhi. pp: 131 - 145. 

Blackman, G. E. & Wilson, G. L. 1951. Physiological and 

ecological studies in the analysis of plant environment. 

VII. An analysis of the differential effects of light 

intensity on the net assimilatin rate, leaf area ratio 

and relative growth rate of different species. Ann. Bot., 

15: 313 - 408. 

Borg-Karlson, A. K., Bergstrom, G. & Bertjl, K. 1981. Chemical 

basis for the relationship between Ophrys orchids and 

their pollinators. II. Volatile compounds of Ophrys 

iTl:.'et.:tirera and Ophrys speculum as insect mimetic 

attractants/excitants. Chern. Scr., 21 (2): 303 - 312. 

Bornkamm, R. & Raghi-atri, F. 1986. On the effect of nitrogen and 

phosphorus concentrations on the development of 

Phragmites australis. Arch. Hydrobiol., 105 (4): 423 

442. 

Bose, T. K. & Bhattacharjee, T. K. 1985. Importance and uses. In 

Orchids of India. Published by Mitra, B. Naya Prakash. 

206. Bidhan Sarani Calcutta - 100006. pp: 3 - 5. 

Bourdot, G. W·., Saville, D. J. & Field, R. J. 1984. The response 

of Achillea millerolium (Yarrow) to shading. New Phytol., 

97: 653 - 664. 

Bradshaw, A. D. 1965. Evolutionary significance of phenotypic 

plasticity in plants. Adv. Genet., 13: 115 - 155. 

Bran-tjes, N. B. M. 1981. Ant, bee and fly pollination in 

£pipactls palustrls (Orchidaceae). Acta Bot. Neerl., 30 

139 



(1-2): 59 - 68. 

Brown, R. L., Ashmun, J. W. & Pitelka, L. F. 1985. Within and 

between species variation in vegetative phenology.in two 

forest herbs. Ecology, 66: 251 - 258. 

Calder, D. M., Cropper, S. C. & Tomkinson, D. 1989. The ecology 

of Thelymitra epipactoides F. Muell. (Orchidaceae) in 

Victoria, Australia and the implications for management 

of species. Aust. J. Bot., 37: 19 - 32. 

Campbell, B. D. & Grime, J. P. 1989. A comparative study of plant 

responsiveness to the duration of episodes of mineral 

nutrient enrichment. New Phytol., 112: 261 - 267. 

Carlucci, M. V., Haag, H. P. & Bellote, A. F. J. 1980. Mineral 

nutrition of ornamental plants: chemical composition of 

plant parts of Cattleya and Laelia orchids. Solo Cent. 

Acad. Luiz. De Queiroz Univ. Sao Paulo, 72 (1): 27 - 34. 

Catling, P. M. 1981. Rain assisted autogamy in Lipari::;: loeselii 

(Orchidaceae). Bull. Torrey Bot. Club, 104 (4): 525 

529. 

Chabot, B. F. & Chabot, J. F. 1977. Effects of light and 

teperature on the leaf anatomy and -photosynthesis in 

Fragaria vesca. Oecologia. 26: 363 - 379~ 

Chadwick, A., Nanetie, V., Hogan, M. & Arditti, J. 1981. Post 

pollination phenomenon in orchid flowers. Induction and 

inhibition of ethylene evolution, anthocyanin synthesis 

and perianth senescence. Bot. Gat., 141 (5): 422 - 427. 

Chaghtai, S. A. & Siddiqui, R. A. 1987. Studies on water 

requirement of Zornla qibbosa span. Biologia (Lahore), 33 

(2): 177 - 182. 

Chaturvedi, H. C. & Sharma, A. K. 1986. Mericloning of orchids 

through culture of tips of leaves and roots. In Biology, 

Conservation and Cultures of Orchids. S. P. Vij (ed). 

Published by Affiliated East-West Press, Private Limited. 

New Delhi. pp: 469 - 472. 

Cheng, Y. W. & Chua, S. E. 1981. Mass propagation of orchid 

(Dendrobium) plants from orchid seeds using air flow 

system to accelerate growth. Singapore Journal Primary 

Ind., 8 (1): 57 - 62. 

14il 



Chudovska. O. 1980. Preserving Tropical orchids for 

herbaria.Vierteljahrsschr. Naturforsch Ges Zuer., 124 

(3): 199 - 204. 

Cid-Benebento. C. R. & Werner. P. A. 1986. Local distributions of 

old field and woodland annual plant species: Demography. 

physiological tolerances and allocation of biomass of 

five species grown in experimental light and 

moisture gradients. J. Ecol .• 74: 857 - 880. 

soil 

Clausen, J .• Keck. D. D. & Hiesey, W. M. 1940. The Achillea 

millefolium complex. In Experimental Studies on the 

Nature of Species. I. Effect of varied environments on 

Western North American Plants. Carnegie Institution of 

Washington Publication. No. 520. Gibson Brothers. 

Washington, D. C. pp: 296 - 324. 

Clements. M. A. 1977. The culture of Australian terrestrial 

orchids II. Amer. Orchid Soc., 46: 984 - 989. 

Cook. R. E. 1983. Clonal plant populations. Am. Scientist, 71: 

244 - 253. 

Cooper. J. L., Hilton. B. I •. , Arditti, J. & Tarr. J. B. 1982. 

Niacin biosynthesis in leaf discs and seedlings of 

Cattleya skinneri (Orchidaceae). New Phytol., 91 (4): 621 

- 628. 

Corre, W. J. 1983. Growth and morphogenesis of sun and shade 

plants. II. The influence of light quanlity. Acta Bot. 

Neerl., 32 (3): 185 - 202. 

Cribb. P. J. 1986. Paphiopedilum urbanianum. The Kew Mag., 3 (3): 

102 - 103. 

Cribb, P. J. 1986. Paphiopedilum hennisianum. The Kew Mag. 3 (2): 

66 - 67. 

Cribb, P. J. 1986. The world wild orchid crisis. The Kew Mag. 3 

(1): 4 - 8. 

Cunninigham, G. L .• Sylvertsen, J. P .• Reynolds, J. F. & Willson, 

J. M. 1979. Some effects of soil moisture availability on 

above ground production and reproductive allocation of 

Larrea tridentata (DC) Cov. Oecologia (Herlin), 40: 113 -

123. 

141 



Damsz, B. 1981. Genesis of grana and stroma thylakoids in leaf 

chloroplasts of 4 orchid species. Acta Soc. Bot. Pol., 49 

(3): 187 - 194. 

Daniels, R. K. 1986. Studied in the growth of pteridium aquilinum 

L. I I. Kffects of shading and nut.rien t application. Weed 

Res. 26 (2): 121 - 126. 

Davies, M. S. 1984. The response of contrasting populations of 

Erica cinerea and Erica tetralis to soil type and water 

logging. J. Kcol., 72: 197 - 208. 

Davy, A. J. &: Bishop, G. F. 1984. Response of Hieracium pi 11 0:"::: a 

in Breckland grass heath to organic nutrients. J. Kcol. 

72: 319 - 330. 

Day. F. P. Jr. 1987. Effect of flooding and nutrient enrichment 

on biomass allocation in Acer rubrum seedlings. Am. J. 

Bot., 74 (10): 1541 - 1554. 

Dennis, F. G., Lipecki, J. &: Kiang, C. 1970. Effects of 

photoperiod and other factors upon flowering and runner 

development of three strawberry cultivations. J. Amer. 

Soc. Hort. Sci., 95: 750 - 754. 

Dexheimer, J. &: Serrigny. J. 1984. UI·tra structural study of 

endomycorrhizas of tropical orchid Epidendrum 

I. Localization of acid phosphotases and 

phosphotases. Bull. Soc. Bot. Fr. Lett. Bot., 

187 - 194. 

Diepenbrock, W. 1981. Effects of light, temperature and 

ibaqueT"/:.."e. 

alkaline 

130 (3): 

nitrogen 

treatments upon THE fatty acid composition of galacto 

lipids of young and older leaves from winter rape plants. 

Physiol. Plant., 52: 1 - 6. 

Dieringer, G. 1982. 'l'he pollination ecology of Orc::his :..::;pef.::tab.il.i:..::; 

(Orchidaceae) by bumble bees. Ohio J. Sci., 82 (5): 218 -

225. 

Dighe, S., Raval, M. & Shah, A. K. 1987. Detection of nitrogen­

fixing ability in an epiphytic orchid Vanda testacea 

(Lind) Reichb. F .. Proc. Ind. Natl. Sci. Acad. Past. B. 

BioI. Sci., 52 (4): 515 - 518. 

Dodson, C. H. 1967. Relationship between pollinators and orchid 

flowers. Atlas de Simposio Sobre a Uiota Amazonica 

142 



Zoologia, 5.1. 

Downs. R. J. & Hellmers, H. 1975. Liquid water. In Environment 

and The Experimental Control of Plan1~ Growth. Academic 

Press London, New York, San Francisco. pp: 95 - 99. 

Duan. J. & Xie. Y. H. 1981. Effect of hormones on the germination 

of orchid (CymbIdium pendulum) seeds. Acta Bot. 

Yunnanica, 3 (1): 19 - 24. 

Dwivedi, R. P. & Tripathi, R. S. 1980. Response of Aly;.::;icarpu:.­

monilifer D. C. and Indigofera enneaphylla L. to 

selective removal of associates in a grassland 

vegetation. Proc. Indian Natn. Sci. Acad., 46: 330 - 336. 

Rlaine, M. B. & Vitousek, P. M. 1986. Nitrogen availability and 

nitrogen use efficiency in Loblolly pine stands. 

Ecology., 67 (1): 69 - 79. 

Engin, M. & Sprent, J. I. 1973. Effects of water stress on growth 

and nitrogen fixation activity of TrifolIum repen:.-. New -

phytol., 72: 117 - 126. 

Rrdei, L. P., Jensen, A. B., Bengtsson. B. & Kylin, A. 1986. 

Effects of switch In nutrients levels during the life 

cycle of winter wheat. Physio!. Plant .• 66 (4): 583 

588. 

Ernst. R. & Arditti, J. 1984. Biological effects of surfactants. 

7. Growth and development of Bras;.::;ocattleya (Orchidaceae) 

seedlings. New Phytol .• 96 (2): 197 - 206. 

Etherington, J. R. 1984. Comparative studies of plant growth 

distribution in relation to water logging. J. Rcol .• 

389 - 404. 

Ethret, D. & Mayo, J. M. 1980. The effect of abscisic acid 

vapour pressure deficit on leaf resistance 

Paphiopedilum leeanum. Can. J. Bot., 58 (9-16): 1202 

1204. 

and 

72: 

and 

of 

Evan~s, G. C. & Hughes, A. P. 1960. Plant growth and the aerial 

environment. Effect of artificial shading on Impatiens 

pan'i"nora. New. Phyt,01., 60: 1.50 - 1HO. 

Everson, C. S. & Breen, C. M. 1983. Water stress as a 

influencing the distribution of the ericoid 

Phil1ipia evan;.::; 1 1 in Natal Drakensberg mountains, 

factor 

shrub 

South 



Africa. S. Afr. J. Bot., 2 (4): 290 - 296. 

Everson, C. S. & Breen, C. M. 1985. Effects of varying soil 

moisture on water pot.entia1 and water loss in the ericoid 

shrub Philippia evans!i. S. Afr. J. Bot., 51 (6): 460 

464. 

Fernandes, M. S., Rossiello, R. O. P. & Bendix, M. E. S. 1985. 

Effect of nitrogen source, light intensity and 

temperature on nitrogen metabolism of Bahia grass 

(Paspalum notatum). J. Plant. Nutr., 8 (10): 945 - 964. 

Fitter, A. H. & Ashmore, C. J. 1974. Response of blO Veronica 

species to a simulated woodland light climate. New 

Phytol., 73: 997 - 1001. 

Foulds, W. 1978. Response to soil moisture supply in three 

leguminous species. I. Growth, reproduction and 

mortality. New Phytol., 80: 535 - 545. 

Fowler, N. L. 1981. Competition and co-existence in a North 

Carolina grassland. II. The effects of experimental 

removal of species. J. Kcol., 69: 843 - 854. 

Fu, C. F. & Hew, C. S. 1982. Crassulacean acid metabolism in 

orchids under water stress. ot. Gaz., 143 (3): 294 - 297. 

Gandawidjaja, D. & Arditti, J. 1982. Post pollination phenomena 

in orchid flowers. II. Autogamy in Phaiu:..:: tanken1illiae 

(Orchidaceae). Am. J. Bot., 69 (3): 335 - 338. 

Goh, C. J. 1983. Rhythms of acidity and CO2 production in orchid 

flowers. New Phytol., 93 (1): 25 - 32. 

Goh, C. J., Arditti, J. & Avadhanai, P. N. 1983. Carbon fixation 

in orchid aerial roots. New. Phytol., 95 (3): 367 - 374. 

Goh, C. J., Aswapati O. W. & Avadhanai, P. N. 1984. Crassulacean 

acid metabolism in young orchid (Ara~hnls) leaves. New 

Phytol. 96 (4): 519 - 526. 

Gold, V. H. Beconog, N. P., Mogil'naya, O. A., Gaevskii, N. A., 

Grigoriev, Y. S. & Morgun, V. N. 1983. Characteristics 

of the organization of photosynthetic apparatus in 

flowers of the orchid family. Fiziol. Hast. (Mosc), 29 

(6): 1109 - 1114. 

Goldberg, D. E. 1987. Neighbourhood competition in an old field 

plant community. Ecology, 68 (!»: 1211 -- 1223. 

144 



Graham, W. J. S. 1984. Observation of mechanism by which self 

pollination may occur in £ulophia (Orchidaceae). J. S. 

Afr. Bot., 50 (4): 417 - 424. 

Graham, P. K. F. 1984. Interaction between an icbneumonid wasp 

(Li$$opimpla e:x,cei:..:;a) and the Aushalian 'Tongue Orchid' 

Cyyptostylis $ubulata. Rec. Auckl. Inst. Mus., 20 (0): 

217 - 222. 

Grime, J. P. 1965. Shade tolarance in flowering plants. Nature, 

208: 161 - 163. 

Grivet, C. & Zeiger. E. 1983. Blue and red light responses of net 

photosysthesis (P.s) and stomatal conductance (g) in 

intact leaves of Paphiopedilum. Plant Physiol., 72: S 

101. 

Gulmon, S. L. & Turner, N. C. 1978. Differences in root and shoot 

development of tomato (Lyc.ope,..;.:;ic.um e:.',:uJentl..lm L.) 

varities across contrasting soil environments. Plant and 

Soil, 49: 121 - 136. 

Gulmon, S. L. & Chu, C. C. 1981. The effects of light and 

nitrogen on photosynthesis. leaf charecteristics and dry 

matter allocations in chapparal shrub DipJac.u:.' 

auyantiac.us. Oecolagia (Berlin). 49: 201 - 212. 

Gupta. P. N. & Govind. S. 1986. Fertilizer trial. Annual Report 

(IGAR), Shillong.: 61. 

Gupta, P. N. & Singh, B. 1986. Floriculture. Annual Report, lCAR 

80 82. 

Hadley. G. 1984. Uptake of 14C - labelled glucose by asymbiotic 

and mycorrhizal orchid protocorms. New. Phytol., 96 (2): 

263 - 214. 

Hammatt, N. & Evans, P. K. 1985. The in vitro propagation of 

endangered species Centauyea Junoniana (Compositae). J. 

Hortic. Sci. 60 (1): 93 - 98. 

Handa, S. S. 1986. Orchids for drugs and chemicals. In Biology, 

Conservation and Cultures of Orchids. S. P. Vij (ed). 

Published by Affiliated East-West Press, Private Limited. 

New Delhi. pp: 89 - 100. 

Harrison, C. R. 1977. Ultra structural and histochemical changes 

during germination of Cattleya aurantiana. Orchidaceae. 

145 



Bot. Gaz., 138 (1): 41 - 45. 

Harper, J. L. 1911. Population biology of plants. Acadamic Press 

London. 

Hartnett, D. C. & Bazzaz, F. A. 1983. Physiological integration 

among intra clonal ramets and 

Ecology, 64: 119 - 188. 

Harvais, G. 1913. Growth requirements 

Solid~90 

and development 

Cypripedium reginae in axenic culture. Gan. J. Bot., 

321 - 332. 

of 

51: 

Harvais, G. 1982. An improve culture media for growing orchid 

Cypripedium reglnae axenically. Can. J. Bot., 60: (10-

12): 2541 - 2555. 

Hawkes, A. D. 1965. Paphiopedilum Pfitz. In Encyclopedia of 

Cultivated orchids. Published by Faber & Faber Limited. 

3. Queen Square, London W. C. 1. pp: 352 - 351. 

Healy, W. E., Wilkins, H. F. & Celusta, M. 1982. Role of light 

quality, photoperiod and high intensity supplemental 

lighting on flowering of Alstromeria Regina. J. Ame.r. 

Soc. Hort. Sci., 101: 1046 - 1049. 

Heather, A. R. & Hagarty, T. W. 1919. Sensitivity of seed 

germination and seedling radicle growth to moisture 

stress in some vegetable crop species. Ann. of Bot., 43: 

241 - 243. 

Hegde, S. N. 1981a. Cultivation and conservation of 'Lost Orchid' 

in Indian Horticulture, 25 (4): 1 - 9. 

Hegde, S. N. 1982. Observations on the habitat-distribution of 

orchids of Arunachal Pradesh. J. Born. Nat. Hist. Soc., 82 

(1): 114 - 125. 

Hegde, S. N. 1981. Progress in orchid research and development in 

Arunachal Pradesh. A report. Arunachal Forest News, 5 

(1): 13 - 11. 

Heil. G. W. & Bruggink, M. 1981. Competition for nutrients 

between Calluna vulgaris (L.) Hull. and Holinia 

r.:aerulea (L.) Moench. Oecologia (Berlin), 'l:~: 105 - to'l. 

Heil, G. W., Werger, M. J. A" De Mol, W., Van Dam, D. & Heijne, 

B. 1988. Capture of atmospheric ammonium by grassland 

canopies. Science, 239: 164 - 165. 

14t~ 



Helmut, B. 1981. Manual of cultivated orchid species. Helmut, 

B., P. Cribb & E. Launert (eds). Cambridg~= 1H~ H r f 

Press, 1981. 

Henrich, J., Dennis, P. S. & Peter, D. A. 1981. Terrestrial 

orchid seed germination in ~'itro on a defined medium. J. 

Am. Soc. Hortic. Sci., 106 (2): 193 - 196. 

Hester, M. W. & Irvin, A. M. 1989. Water relation and growth 

responses of Uniola paniculata (sea oats) to soil 

moisture and water table depth. Oecologia (Berlin), '18 

(3): 289 - 296. 

Hew, C. S., Lee. G. L. & Wong, S. C. 1980. Occurence of 

nonfunctional stomata in the flowers of tropical orchids. 

Ann. Bot. (London). 46 (2): 195 - 202. 

Hew, C. S .• Ng. Y. W .• Wong. S. C .• Yeoh. H. H. & Ho. K. K. 1984. 

Carbon dioxide fixatation in orchid aerial 

Physiol. Plant., 60 (2): 154 - 158. 

roots. 

Hickman. J. C. 1975. Environmental unpredictability and plastic 

energy allocation strategies in the annual Polygonum 

canadert:.:-e (Polygonaceae). J. Kcol .• 6:3: 689 - 701. 

Hills, K. A., Stoessl, A., Allison, P. O. & Arditti, J. 1984. 

Effects of orchinol, loroglossol, dehydroorchinol, 

battasin III and 3, 4-dehydroxy-5-methoxydihydrostilbene 

on orchid Cattleya aurantiana seedlings. Bot. Gaz., 145: 

298 - 301. 

Hijner, J. A. & Arditti, J. 1973. Orchid mycorrhiza: vitamin 

production and requirements by the symbionts. Amer. J. 
Bot., 60: 829 - 835. 

Hooker, J. D. 1894. Tribe V. Cypripediaceae. In J . D. Hooker, C. 

B, K. C. S. I. (eds). Flora of British India. Published 

by L. Reeve & Co .• Ltd. The Oast House Brook Ashford, 

Kent. 

Hughes. A. P. & Freeman, P. R. 1967. Growth analysis using 

frequent small harvests. J. Appl. Ecol .• 4: 553 - 560. 

Hume, L. & Cavers. P. D. 1983. Resource allocation and 

reproductive and life history strategies in wide spread 

population of Rumex crispus. Can. J. Bot .• 61: 1276 

1282. 

147 



Hutchings, M. J. 1981. The population biology of the early spider 

orchid Ophrys sphegodes Mill. I. A demographic study from 

1915 1984. II. Temporal patterns In behaviour. J. 

Kcol., 15 (3): 111 - 142. 

Ike, 1. F. 1986. Kffects of soil moisture stress on the growth 

and yield of Spanish variety peanut. Plant and Soil, 96 

(2): 291 - 298. 

Illsley, P. 1965. Meristem tissue propagation techniques and 

potentials. Orchid Rev., 43: 311 - 316. 

Inam, A., Samiullah, M. M. R. K., Afridi, R. K., Ahmad, A., 

Ashfaq~ N. & Alvi, M. S. 1982. Observations on the effect 

of NPK fertiliser on germination of Triticale. Compo 

Physiol. Kcol., 1 (2): 49 - 50. 

Ingestad, T. 1919. Nitrogen stress in Birch seedlings. II. N, P, 

K, Ca and Mg nutrition. Physiol. Plant., 45: 149 - 151. 

Irmer, 0., Poppendiek, H. II., Zechmeister, A. & Lorch, D. W. 

1982. Toxicity of heavy metals to bromeliads and orchids 

in green house cultures. Gartenbauwissenschaft, 41 (1): 

19 - 23. 

Jansen, D. H., De Vries, P., Gladstone, D. E., Higgins, M. L. & 
Lewinsohn, T. M. 1980. Self pollination and cross 

pollination of Encyclia codigera (Orchidaceae) in Santa 

Rosa National Park, Costa Rica. Biotropica, 12 (1): 12 

74. 

Jansen, D. H. 1971. What are Dandelions and aphids. Am. Nat., 

111: 586 - 589. 

Jain, S. K. 1986. Orchid wealth (?) of India. In Biology, 

Conservation and Cultures of Orchids. S. P. Vij (ed). 

Published by Affiliated East-West Press, Private Limited. 

New Delhi. pp: 319 - 321. 

Jain, S. K. & Kataki, S K. 1911. Orchid culture with 

aforestation programme. Indian Farming, 26: 99 - 101. 

Jha, D. K., Sharma, G. D. & Mishra, R. R. 1991. Role of 

mycorrhiza in nutrient uptake; The phosphate ion5. J. of 

Scientific Res., BIIU 41 : 55 - 69. 

Johsson, L. and Nylund, ". E. 1919. Fal'olas .. ~illa dybol~l:..=:kycHia 

(Singer) . Singer (Apphyllophorales) a new orchid 

14H 



mycorrhizal fungus from Tropical Africa. New Phytol., 83 

(1): 121 - 128. 

Jone5, E. H. & Etherington, J. R. 1970. Comparitive 5tudie5 of 

plant growth and distribution in relation to 

waterlogging. I. The survival of Erica cinerea L. and E. 

tetralix L. and its apparent relation to iron and 

manganese uptake in waterlogged soil. J. Ecol., 58: 487 -

496. 

Joseph, J. 1982. Orchids of Nilgiri. In B. S. 1. Howrah (eds) 

Rec. Bot. Sur. India. Publication and Information, 

Director of Botanical Survey of India, Indian Botanic 

Garden, Howrah 700 004. 

Joseph, J. 1986. Orchids of north east India and their 

conservation. In Biology, Conservation and Cultures of 

Orchids. S. P. Vij (ed). Published by Affiliated East­

He5t Press, Private Limited. New Delhi. pp: 377 - 380. 

Jurik, J. H., Chabot, J. F. and Chabot, B. F. 1982. Effect of 

light and nutrient on leaf size, CO2 exchange and anatomy 

in wild strawberry (Fragaria virginiana). Pl. Physiol., 

70 1044 - 1048. 

Kalpage, F. 5, C, P. 1974. Tropical Soil. Classification, 

fertility and management. Mac Millan Press Ltd. London. 

Kapuya, J. A., Banyikwa, F. F. & Sekwo, M. C. 1985. The effect of 

moi5ture stress and nutrient levels on early growth of 

Sorghum bicolor Moech. BioI. Mem., II: 127 - 134. 

Karanth. K. A., Swamy, B. G. L. & Arekal, G. D. 1981. 

Embryogenesis in sexual and asexual specie5 of Zetl.yine 

(Orchidaceae). Proc. Ind. Acad. Sci. Plant Sci., 90 (1): 

1 - 8. 

Kataki. S. K. 1963. Notes on systematics, cytology and culture of 

Paphiopedilum venu:.:dum (Wall) Pfitz. J in Bull. Bot. Surv. 

India, 5: 32 - 34. 

Kataki, S. K. 1975. Notes from the orchid station, 

Arunachal Pradesh. Indian Forester, 101 (2): 137. 

'fipi, 

Kataki, S. K. 1976. Orchids of Meghalaya. Published by Government 

of Meghalaya. Forest Department. 

148 



Katiyar. R. S .• Sharma. G. D. & Hishra, R. R. 1986. Studies on 

the mycorrhizal associations in terrestrial orchids. In 

Biology, Conservation and Cultures of Orchids. S. P. Vij 

(ed). Published by Affiliated East-West Press, Private 

Limited. New Delhi. pp: 63 - 70. 

Katiyar • R. S., Sharma, G. D. & Mishra, R. R. 1966. Mycorrhizal 

infections of epiphytic orchids in Tropical forests of 

Meghalaya (India). Indian Bot. Soc., 65: 329 - 334. 

Katiyar. R. S., Sharma, G. D. & Mishra. R. R. 1987. Effect of 

organic supplements on the seedling growth of an 

endangered orchid species Coelogyne punctulata. Ind. J. 

Bot., 9 (1): 77 - 79. 

Kausch, A. P. & Horner, H. T. 1983. Development of syncy·tial 

raphide crystal idioblast in the cortex of adventitious 

roots of Vanilla planifolia (Orchidaceae). Scanning 

Electron Microsc., (2): 893 - 904. 

Keddy, C. J., Keddy P. A. & Planck, R. J. 1983. An ecological 

study of Cypripedium pa$$erinum (Sparrow egg lady slipper 

Orchidaceae) on the north shore of Lake Superior 

(Canada). Can. Field Nat., 97 (3): 268 - 274. 

Keith, C. & Levin, D. A. 1986. Environment dependent 

intraspecific competition in Ph.lo.~· drummondii. Ecology, 

67 (1): 37 - 45. 

Kerbauy, G. B. & Handro, W. 1981. Culture of orchid embryos in 

liquid media. Cienc Cult. (Sao Paulo), 32 (8): 1088 

1090. 

Kerbauy, G. B. 1984. Regeneration of protocorm-like bodies 

through in vitro culture of root tips of Catasetum 

(Orchidaceae). Z. Pflanzenphysiol .• 113 (4): 287 - 292. 

Khaleafa, A. F., Mohsen A. F. & Shaalan, S. H. 1982. Effect of 

light intensities on growth, amino acid, fat and sugar 

concentrations in Caulerpa pro.llfera (Foe1"skal) 

Lamouroux. Hydrobiol. Bull., 16 (2-3): 207 - 212. 

Khoshoo, T. N. 1986. Orchidology Scope and limitations 

(Inaugural address). In Biology, Conservation and 

Cultures of Orchlds. S. P. Vij (ed). PubUshed by 

Affiliated East-West Press, Private Limit.ed. New Delhi. 



Kirby, K. J. 1980. Experiments on vegetative reproduction in 

Bramble (Rubus vestitus). J. Ecol., 68: 513 - 520. 

Knudson, L. 1922. Non-symbiotic germination of orchid seeds. Bot. 

Gaz., 73: 1 - 25. 

Kosakis'ka, I. V., Shmyhovs-ka V. V. & Chernyad'yen, I. 1. 1984. 

Biochemical charac~eristics of proteins from species of 

the family Orchidaceae. Ukr. Bot. Zh., 41 (5): 51 - 54. 

Kushwaha, S. P. S., Ramakrishna, P. S. & Tripat.hi, R. S. 19n~Jb. 

Population dynamics of Imperata cylindrlca (L) Beauv. 

yare major related to slash and burn agriculture (Jhum) 

in north eastern India. Proc. Indian Acad. Sci. (Plant 

Sci.), 92: 313 -321. 

Kusumoto, M. 1981. Studies on the tissue culture of orchids 

primary culture of Epidendrum~ Epiphronitis~ Hiltonia 

and proliferation, propagation and organogenesis of the 

formed protocorm-like bodies. Bull. ColI. Agric. and Vet. 

Med. Nihon Univ., 0 (38): 118 - 124. 

Lamb, A. J. & Klaussner, K. 1988. Response of fymhos shrubs 

Protea repens and Erica Plukenetii to low level of Nand 

P applications. J. Afr. Tydskr. Plantk., 54 (6): 558 

564. 

Larsson, S., Wirens, A., Lundgren, L. & Ericsson, T. 1986. 

Effects of light and nutrient stress on leaf phenolic 

chemistry in SallX dasyclados and susceptability to 

Galerucella lineola (Coleoptara). Oikos, 47 (2): 205 

210. 

Lin, W. C. & Molnar, J. M. 1983. Effect of photoperiod and high 

intensity supplementary lighting on flowering of 

Alstroemaria (cultivar) orchid and Regina. J. Am. Soc. 

Hortlc. Sci., 108 (6): 914 - 917. 

Lin, C. C. & Namba, T. 1982. Pharmacognostic studies on the crude 

drugs of Orchidaceae from Taiwan. Chheng-chioh-mg. 

Shoyakugaku Zassht., 35 (4): 303 - 315. 

Lin, C. C. & Namba, T. 1982. Pharmacognostic studies on the crude 

drugs of Orchidaceae from Taiwan. r;im-SO<,"HI-iian. 

Shoyakugaku Zassht., 35 (4): 262 - 271. 



Lin, C. C. & Namba, T. 1982. Pharmacognostical studies on the 

crude drugs of Orchidaceae from Taiwan. 10. On Kaon-lan­

hioh. Shoyakugaku Zassht., 36 (2): 119 - 131. 

Lin, C. C. & Namba, T. 1982. Pharmacognostical studies on the 

crude drugs of Orchidaceae from Taiwan. 9.Chheng-thian­

Iiong-thlau •• Shoyakugaku Zassht., 36 (1): 98 - 103. 

Linden, B. 1980. Aseptic germination of seeds of northern 

terrestrial orchids. Ann. Bot., 17 (2): 174 - 182. 

Longstreth, D. J. & Mason, C. B. 1984. The effect of light on the 

growth and dry matter allocation patterns of 

Alternanthera philoxeroides (Mart) Griseb. Bot. Gaz., 145 

: 105 - 109. 

Lovett, D. L. 1981c. Population dynamics and local specialization 

in a clonal perennial (Ranunculus repens): II. The 

dynamics of leaves and a reciprocal transplant replant 

experiment. J. Kcol., 69: 757 - 768. 

Lux, A. & Hudak, J. 1987. Plastids dimorphism in leaves of the 

terrestrial orchid, Ophrys sphegodes Miller. New Phytol., 

107 (1): 47 - 52. 

Majumder, P. L. & Sen. R. C. 1987. Moscatilin, abibenzyl 

derivative from the orchid Dendrobium 

Phytochem. (Oxf), 26 (7): 2133 - 2135. 

moschatum. 

Majumder, P., Bandhyopadhyay, D. & Joardar, S. 1982. Coelogin and 

coeloginin-2 novel 9, lO-dihydrophenanthrene derivatives 

from the orchid, Coelogyne cristata. J. Chem. Soc. Perkin 

Trans., I. 0 (5): 1131 - 1136. 

Majumder, P. L., Datta, N., Sarkar, A. K. & Chakraborti, J. 1983. 

Flavidin, a novel, 9, 10 dihydrophenanthrene derivativess 

of the orchid C(le.lO!)yne t-la~/ida.# Phollo',\ta att·j,.::·ulata., 

Otochilis fusca. J. Nat. Prod. (LLoydia), 45 (6): 730 

732. 

Manning, J. C. & Van Staden. J. 1987. The 

mobilization of seed reserves in some 

Aust. J. Bot., 35 (3): 343 - 353. 

development and 

African orchids. 

Marston, M. E. & Varaurai. P. 1967. Multiplication of 

clones by shoot meristem culture. A review 

literature . Univ. Nottingham, Dept. HorL. Misc. 

orchid 

of the 

PUb. , 



No. 17: 1 - 8. 

Mead, J. W. & Bulard, D. C. 1975. Effects of 

sources on asymbiotic germination and 

vitamins and 

development 

Orchis laxiflora and Ophrys sphegodes .New Phytol., 

33 - 40. 

H 

of 

'T4 : 

Mehrhoff, L. A. 1984. Pollination in the genus l:;otrla 

(Orchidaceae). Am. J. Bot., 70 (10): 1444 - 1453. 

McConnel, J. & Kamemoto, H. 1983. Characteristic of 4 sets of 

reciprocal crosses in Dendrobium (Orchidaceae). J. Am. 

Soc. Hortic. Sci., 108 (6): 1003 - 1006. 

McGra\l, J. B. 1985. Experimental ecology of Dryas oct'opet"ala, 

ecotypes: III. Environmental factors and plant growth. 

Arct. Alp. Res., 17: 229 - 239. 

McIntyre, G. I. 1976. Apical dominance in the rhizome of 

Agropyron repens: The influence of water stress on bud 

activity. Can. J. Bot., 54: 2747 - 2754. 

McMaster, G. S., Jow, W. M. & Kummerow, J. 1982. Response of 

Adenostoma fasciculatum and Ceonothus greggii chapparal 

to nutrient additions. J. Kcol., 70: 745 - 756. 

McWilliams, E. L. 1970. Comparative rates of dark CO2 uptake and 

acidification i.n the Bromeliaceae. Orchidaceae and 

Euphorbiaceae. Bot. Gaz., 131: 285 - 290. 

Misra, G. & Singh. K. P. 1982. Effect of soil moisture and 

clipping stresses on the nutrient (N. P. K.) 

concentration, uptake and use efficiency in one temperate 

and two tropical grasses. Plant and Soil, 69: 413 - 421. 

Mitra, G. C. 1971. Studies on seeds, shoot tip and stem discs of 

orchid grown in aseptic culture. Indian J. Exptl. BioI., 

9: 79 - 85. 

Miura, Y. 1982. Establishment of orchid cultivation on the basis 

of photosynthetic properties of orchids. Influence of 

temperature, light intensity and air humidity on 

photosynthetic rate of orchids. Bull. Kanagawa Hortic. 

Exp. Stn., 0 (28): 64 - 72. 

Homose, H. & Yoneda, K. 1988. Protocorm-like body formation by 

flower stalk node bud culture by means of cutting the top 

of inflourescence of PhalaeTlop31:.:;. Hull. Goll. Aer. and 



Vet. Med. Nihon Univ., 45: 197 - 202. 

Mooney, H. A. 1966. Influence of soil type on the distribution of 

two closelY related species of Erigeron. Ecology, 41: 950 

- 958. 

Morel, G. 1971. The principles of clonal propagation of orchids. 

Proc. 6 th World Orchid Conf., Sydney (1969), pp. 101 

106. 

Morgan, D. C. & Smith, H. 1981b. Control of development in 

Chenopodium album L. by shade light . The effect of light 

quantity (total fluence rate) and light quality (red Ifar 

red ratio). New Phytol., 88: 239 - 248. 

Muchow, R. C. 1985. Phenology, seed yield and water use of grain 

legumes grown under different soil water regimes in semi­

arid tropical environment. Field Crop Res., (11): 81 

97. 

Mueller Dombois, D. & Sim, H. P. 1966. Response of three grasses 

to two soils and water table depth gradient. Ecology, 47: 

644 - 654. 

Mukherjee, S. K. 
secretary 

1983. Orchids. Published 

for the Indian Council 

Research, New Delhi - 110001. 

by 

of 

Bedi, Under 

Agricultural 

Muralidhar, C. E. & Mehta, A. R. 1986. Tissue culture studies on 

Cymbidium longifolium D. Don. In vitro germination and 

sequential stages of histomorphological changes from 

embryo to plbs. In Biology, Conservation and Cultures of 

Orchids. S. P. Vij (ed). Published by Affiliated East­

West Press, Private Limited. New Delhi. pp: 413 - 422. 

Namba, T. & Lin. C. C. 1981. Pharmacognostical studies on crude 

drugs of Orchidaceae from Taiwan. 4. Ch.i oh-·hak. 

Shiyakugaku Zasshi, 35 (3): 221 - 232. 

Namba, T., Lin, C. C., Kikuchi, T. & Kant W. 1981. 

Pharmacognostical studies on crude drugs of Orchidaceae 

from Taiwan. I-tiam hong. Shiyakugaku Zasshi, 35 (2): 138 

- 144. 

Naoki, K. & Todaki, H. 1985. Population dynamics of Oenothera 

giazioviana in a sand dune system with special reference 

to the adaptive significance of size-dependent 

1 [·4 



reproduction. J. ficol., 13: 881 - 901. 

Neales, T. F. & Hew, C. S. 1915. Two types of carbon assimilation 

in tropical orchids. Planta, 123: 303 - 306. 

Nelson, S. D. & Mayo, J. M. 1919. Low K+ in Paphiopedllum leeanurn 

leaf epidermis implication for stomatal functioning. Can. 

J. Bot., 55: 489 - 495. 

Neumaier, E. E., Blessington, T. M. & Price, J. A. 1981. Effect 

of light and fertilizer rate and source on flowering, 

growth and quality of Hibiscus. Hort. Sci., 22 (5): 902 -

904. 

Nilsson. L. A. 1919. The pollination ecology of Herminium 

monorchis (Orchidaceae). Bot. Not., 132 (4): 531 - 550. 

Nilsson. L. A. 1980. The pollination ecology of Vactylorrhiza 

sambucina (Orchidaceae). Bot. Not., 133 (3): 361 - 386. 

Nilsson. L. A. 1983. Anthecology of Orchi:.::: ma::;cula :,,"':$P mas,:ula 

(Orchidaceae). Nord. J. Bot., 3 (2): 151 - 119. 

Nobel, J. C., Bell, A. D. & Harper, J. L. 1919. The population 

biology of plants with clonal growth. I. The morphology 

and structural dermography of Carex arenaria. J. Keol., 

61: 983 - 1008. 

Noe, R. & Blom, C. W. P. M. 1981. Occurrence of three Plantago 

species in coastal dune grasslands in relation to pore­

volume and organic matter content of the 5011. J. Appl. 

Ecol., 19: 111 - 182. 

Nuernbergk, E. L. 1963. On the carbon dioxide metabolism of 

orhids and its ecC!logical aspects. Proc. 4th World Orchid 

Conf., 158, Strait Times Press Singapore. 

Olaturji, O. A. & Nengim, R. O. 1980. Occurrence and distribution 

of tracheoidal elements in the Orchidaceae. Bot. J. Linn. 

Soc., 80 (4) 351 - 310. 

Omaliko, C. P. K. & Ene-Obong, E. K. 1981. Kcophysiological 

studies on Anthephora ampulacea. I. gffects of water 

stress and soil reaction. Trop. Kcol., 28 (1): 69 - 19. 

Omaliko, C. P. 

A. C. 

IL, Kne-Obong, K. K., Ibezim, C. N. & lJdcop,alanya, 

C. 1981. Kcophysiologieal studies on .Lln tlH' phor a 

ampulacea. II. Response to NPK deficiencies. Trop. Keol., 

28 (1): 80 - 8 r

,. 

1 {; I; .' ..... 



O'Neill, M. W. 1958. Use of gibberellin for growth promotions of 

Ong, C. 

Outlaw, 

orchid seedlings and breaking dormancy of mature plants. 

Bull. Am. Orchid Soc .• 21 : 531. 

K. 1984. The influence of temperature and water deficits 

on the partitioning of dry matter in groundnut (Arar:::hl$ 

hypogea L. ) . J. Exptl. Bot. , 35: '746 -.. '7!j5. 

W. H. Jr, , Manchester, J. & Zenger, V. E. 1982. Potassium 

involvement not demonstrated in stomatal movements of 

Paphiopedilum. Qualified confirmation of the Nelson-Mayo 

report. Can. J. Bot., 60 (1-6) : 240 - 244. 

Packham, J. R. & Willis, A. J. 1971. The effect of shading on 

Oxalis acetosella. J. Ecol., 65: 619 - 642. 

Packham, J. R. & Willis, A. J. 1982. The influence of shading and 

of soil type on the growth of Galeobdolon luteum. J. 

Kcol., 70: 491 - 512. 

Pandey, B. N. & Sinha, R. P. 1911. Light as a factor in growth 

and morphogenesis. I. Effects of artificial shading on 

Cr~tolaria juncea L. and C. sericea Retz. New Phytol., 

19: 431 - 439. 

Pandey, H. N. & Dubey, S. K. 1991. Nutrients allocation and their 

use efficiency in Parthenlum hysterophorus Linn. Acta 

Oecologica, 12 (4): 505 - 516. 

Patel, C. S. & Singh, B. P. 1986. Nitrogen use efficiency. Annual 

Report (ICAR), 3 - 4. 

Patterson, D. T. 1980. Shading effects on growth and par·titioning 

of plant biomass in conongrass (lmperata cylindrical from 

shaded and exposed habitats. Weed Sci., 28: 735 - 739. 

Peace, W. J. H. & Grubb, P. J. 1982. Interaction of light and 

mineral nutrient supply in the growth of Impat.II.:.'Tu 

pan'i.,lora. New Phytol., 90: 127 - 150. 

Peakal, R. & James, S. H. 1989. Outcrossing in an ant pollinated 

clonal orchid. Heredity, 62 (2): 161 - 168_ 

Peters, N. C. B. 1982. Production and dormancy of wild oat (Avena 

fatua) seed from plants grown under water stress. Ann. 

Appl. BioI., 100: 189 - 190. 

Pierik, R. L. M., Sprenkels. P. A., Vander Harst, B. & Vander 

Meys, Q. G. 1988. Seed germination and further 



development of plantlets of Paphlopedilum .:iliolare 

Pii tz. in vi t r 0 • 

Pjil, L. V. & Dodson, 

pollination and 

Florida. 

Scientia Horticulturae, 34: 139 - 153. 

C. H. 1966. Orchid flowers: their 

evolution. Univ. of Miami Press, 

Pitelka, L. F., Hansen, S. B. & Ashmun, J. W. 1984. 

biology of Clintonia boreali:.=;. 1. Hamet 

dynamics. J. Rcol., 73: 169 - 183. 

Pitelka, L. F., Ashmun, J. W. & Brown, R. L. 

relationship between seasonal variation 

Population 

and patch 

1985. The 

in light 

intensity, ramet size and sexual reproduction in natural 

and experimental populations of A:; t'er acum ina tu:.=; , 

Compositae. Amer. J. Bot., 72: 311 - 319. 

Pradhan, U. C. 1976. Indian orchids: Guide to identification and 

culture. Vol. I. Published by Udai C. Pradhan, Rishi 

Road, Kalimpong 734 301, India. 

Pratt, C. R. Jr. 1985. The response of Solidago gramini~olia and 

Solidago juncea to nitrogen fertilizer application: 

Changes in biomass allocation and implications for 

community structure. Bull. Torrey Bot. Club, 111 (4): 469 

- 478. 

Putwain, P. D. & Harper, J. L. 1970. Studies in the dynamics of 

plant populations. III. The influence of associated 

species on populations of Rumex aceto:.=;a L. and R. 

acetosella L. in grassland. J. Ecol., 58: 251 - 264. 

Radford, P. J. 1967. Growth formulae, their use and ab-use. Crop 

Sci., 7: 171 - 175. 

Raghuwanshi, A. N., Mishra, R. R. & Sharma, G. D. 1986. Effect of 

pH on asymbiotic seed germination and seedling 

development of orchids. In Biology, Conservation and 

Cultures of Orchids. S. P. Vij (ed). Published by 

Affiliated East-West Press, Private Limited. New Delhi. 

pp: 453 -462. 

Rahman. M. S. & Rutter, A. .,. 1 !JnO. A comparison () r eco IOflY of 

De:s.=hamp~:;ia cae:;plt(i~:;a and Dat.'::tyl,!3 glomerata in 

relation to water factor. II. Controlled experiments in 

glasshouse condition. J. Rcol., 68: 479 - 491. 

1 ~) '/ 



Rai, J. P. N. & Tripathi, R. S. 1983. Population regulation of 

Galinsoga tiliata and G. parvlflora. Effect of sowing 

pattern, population density and solI moisture and 

texture. Weed Res., 23: 151 - 163. 

the orchid indlls-t~ry . In 

of Plant Cell, Tissue and 

Rao, A. N. 1977. Tissue culture in 

Applied and I!'undamen tal Aspects 

Organ Culture. J. Reinert & 
Springer-verlag, Berlin. pp: 44 - 69. 

Y. P. S. Bajaj (eds) . 

Rao, A. S. 1979. Uses of orchids. In Orchids of India. Published 

by the director, National Book trust of India. A-5 Green 

Park, New Delhi, 110 016. pp: 23 - 24. 

Rao, R. R. & Haridasan, K. 1983. Threatened plants of Meghalaya­

A plea for conservation. In Assesment of Threatened 

plants of India. S. K. Jain and R. R. Rao (eds). Howrah, 

Botanical Survey of India. pp: 95 - 103. 

Rao, R., Singh. B. R., Prakasa, S. P. & Rao, E. V. S. 1983. N, P 

and K fertilizer studies in pyrethrum (Chry;.:;ant"hemum 

cinerariifolium). J. Agric. Sci. Camb., 100: 509 - 511. 

Rasmussen, H. 1981. The diversity of stomatal development in 

Orchidaceae sub-family Orchidoideae. Bot. J. Linn. Soc., 

82 (4): 381 - 393. 

Rathore, S. R. 1982. Ecological notes on Cymbidium aloifolium 

(Orchidaceae) in the Indian Botanic Garden, Howrah, 

India. Bull. Bot. Surv. India, 21 (1-4): 168 - 170. 

Read, J. 1985. Photosysthetic and growth responses to different 

light regimes of the major canopy species of Tasmanian 

(Australia) cool temperate rain forest. Aus·t. J. Kcol .• 

10 (3): 327 - 334. 

Reader, R. J. 1985. Temporal variation in recruitment and 

mortality for the pasture weed i1iercium t-.loribundum: 

Implications for a model of population dynamics. J. Appl. 

Kcol., 22: 175 - 183. 

Renata, S. & Stobiecka, H. 1983. Occurrence and distribution of 

starch grains in megasporogenesis of some angiosperms. 

Biul. Lubel Tow. Nauk. BioI., 23 (2): 103 - 108. 

Rice, S. A. & Bazzaz, F. A. 1989_ Quantification of plasticity of 

plant traits in response to light intensity comparing 



phenotype at a common weight. Oecologia (Berl.), 1B (4): 

502 - 501. 

Rittershausen, B. & Rittershausen, W. 1984. Orchids in colour. 

Published by Blandford Press, Link House, West Streets, 

Poole, Dorset, BB 152LL. 

Rosso, S. W. 19f>6. The vegetative anatomy of Ule Gypripediodeae 

(orchidaceae). J. Linn. Soc., 59: 309 - 341. 

Roziyn. N. A. M. G. & Vander Werf, D. C. 1986. Effect of drought 

during different stages in the life cycle on the growth 

ad biomass allocation of two Visa species. J. Ecol., 14 

(2): 507 - 523. 

Rutter. J. & Willer. C. M. 1979. A light and electron microscopy 

study of the epidermis of Paphiopedllum species with 

emphasis on stomatal ultra structure. Plant Cell 

Environ., 2: 211-219. 

Sagar, G. R. & Mor·timer, A. M. 1976. An approach to the study of 

the population dynamics of plants with special reference 

to weeds. In Applied Biology, 1. T. H. Cooker, Academic 

Press, London. pp: 1 - 47. 

Sagawa. Y. 1966. Clonal propagation of orchid through shoot 

meristem culture. Proc. 17th In·t. Hort. Congress. pp: 1 -

239. 

Salmia, A. 1988. Endomycorrhyzal fungus in chlorophyll-free and 

green forms of terrestrial orchids. Epipacti::; 

helleborine. Karstenia, 28: 3 - 18. 

Salmia, A. 1989. Features of endomycorrhyzal infection of 

chlorophyll-free and green forms of Eplpactis helleborine 

(Orchidaceae). Ann. Bot. Fennici, 26: 15 - 26. 

Salmia, A. 1989. General morphology and anatomy of chlorophyll­

free and green form~ of Epipactis helleborine. Ann. Bot. 

Fennici, 26: 95 - 105. 

Sanchez, M. I. 1988. Micropropagation of CyttO()Ot.i.lUTIl 

(Orchidaceae) through root tip culture. Lindleya, 3 (2): 

93 - 96. 

Sara, C., Miller, H. & Whitsen, P. D. 1985. Status of 4 orchid 

species at Lake Fen (Iowa, USA) complex. Proc. Iowa Acad. 

Sc i., 91 (4 ): 132 ... l:W. 



Schellner, R. A., Newell, S. J. & Solbrig, O. T. 1982. 'Studies on 

the population biology of the genus Iliola. IV. Spatial 

pattern of ramets and seedlings in three stoloniferous 

species. J. Ecol., 10: 213 - 290. 

Schick, B. 1988. Construction and function of the pollinating 

apparatus of the monandrous orchid flowers. Bot. Jahrb. 

Syrt. Pflanzengesch Pflangengeorgr., 110 (2) 215 - 261. 

Schick, B. 1989. On the anatomy and func·tion of t;he pollinating 

apparatus of the monandrous orchid flowers. II. £pipact.l:F 

palustris (L) Crantz. and Listera ovata (L) R. Br. Bot. 

Jahrb. Syst. Pflanzengesch. Pflanzengeogr., 110 (3): 289 

- 324. 

Schlee, D. & Ebel, F. 1983. Notes on the chemical nature of the 

adhesive of viscid discs in Cata$etum fimbriatum 

(Orchidaceae). Am. J. Bot., 10 (6): 812 - 816. 

Schwaegerle, K. E. & Bazzaz, F. A. 1987. Differentiation among 

nine populations of Ph 1 0.:':' : response to 

gradients. Ecology, 68: 54 - 64. 

environment 

Schulze, K. D., Robichaux, J. G., Rundel, P. W. & Ehleringer, J. 

R. 1987. Plant water balance. Bio. Science, 37 (1): 30 

37. 

Seemann, J. R., Sharkey, T. D., Wang, J. & Osmond, C. B. 1981. 

Environtal effects on photosynthesis, nitrogen-use 

efficiency, and metabolite pools in leaves of sun and 

shade plants. Plant Physiol. (Bethesda), 84 (3): 196 

802. 

Seliskar, D. M. 1981. The effects of soil moisture on structural 

and biomass characteristics of four salt marsh plants. J. 

Expt. Bot., 30 (192): 1193 - 1202. 

Sharma, M. & Vij, S. P. 1981. Embryological studies on Spiranthe:F 

sinensis (Pers) Ames. (Orchidaceae). Res. Bull. Panjab 

Univ. Sci., 32 (1-4): 111 - 123. 

Sharma, S. K. & Tandon, P. 1986. Influence of growth regulators 

on asymbiotic germination and early seedling development 

of Coelogyne punctulata Lindl. In Biology, Conservation 

and Cultures of Orchids. S. P. Vij (ed). Published by 

Affiliated East-West Press, Private Limited. New Delhi. 

16U 



pp: 441 - 451. 

Silva, C. S. D. & Stort, M. N. S. 1989. Natural and artificial 

pollinations in some species of the genus Nor m i d.ll1m 

Lindl. (Orchidaceae). Cienc. Cult. (Sao Paulo), 41 (4): 

395 - 398. 

Silander, J. A. & Antonovics, J. 1982. Analysis interspecific 

interactions in a coastal plant community - a pertubation 

approach. Nature, 298: 557 - 560. 

Singh, F. & Prakash, D. 1985. Suspension culture technique for 

the culture of orchid embryos. Gartenbauwissenschaft, 50 

(5): 236 - 238. 

Singh, H. 1981. Development and organisa1~ion of stomata in 

Orchidaceae. Acta Bot. Indica, 9 (I): 94 - 100. 

Singh, O. S. & Dhawan, K. 1976. Mechanics of seed dormancy in 

Phalaris minor Retz. Ind. J. Ecol., 3 (2): 156 - 162. 

Skuterud, R. 1984. Growth of Elyml1s repe'/I.·:; (1) Gould. and 

Agrostis gigantia Roth. at different light intensities. 

Weed Res., 24 (1): 51 - 57. 

Snaydon, R. W. & Bradshaw, A. D. 1959. Population differentiation 

within plant species in response to soil factors. Nature, 

183: 129 - 130. 

Sobrado, M. A. & Turner, N. C. 1986. Photosynthesis, dry matter 

accumulation and distribution in wild 

Helianthus petioleris and the cultivated 

Helianthus annus as influenced by water 

Oecologia (Berlin), 69 (2): 181 - 181. 

sunf..lower 

sunflower 

deficits. 

Solangaarachhi, S. M. & Harper, J. L. 1981. The effect of canopy 

filtered light on the growth of whit,e clover. Trifolium 

repense. Oecologia (Berlin), 12: 372 - 316. 

Sood, S. 1984. Embryological study of Neottia listeroides 

saprophytic orchid in India. J. Pl. Anat. Morph., 1 (1): 

69 - 75. 

Stevenson, C. A. & Laidlaw, A. S. 1985. The effect of moisture 

stress on stolon and adven1~i 1~ious root developmen1~ in 

white clover (Trliollum repens). P1ant~ and Soil, 85: 249 

- 251. 

1 t~ 1 



Stort, M. N. S. 1985. Phylogenetic rela-tionship between species 

of the genus Cattleya as a function of crossing 

compatibility. Rev. BioI. Trop., 32 (2): 223 - 226. 

Stort, M. N. S. & Galdino, G. D. L. 1985. Self and cross 

pollination in some species of the genus Laelia 

(Orchidaceae). Rev. Bras. Genet., 1 (4): 611 - 616. 

Stoutamire, W. P. 1983. Wasp pollinated species of Caladenia 

(Orchidaceae) in south western Australia. Aust. J. Bot., 

31 (4) 383 - 394. 

Strauss, M. S. & Arditti, J. 1982. Post pollination phenomena in 

orchid flowers. 10. Transport and fate of auxin. Bot. 

Gaz., 143 (3): 286 - 293. 

Strauss, M. S. & Arditti, J. 1984. Post pollination phenomena in 

orchid flowers. 12. Effects of pollination, emasculation 

and auxin treatment on flowers of Cattle/a porcia 

(cultivar) Canizaro. and the rostellum of Pha.lat?nops.l:;;. 

Bot. Gaz., 145 (1): 43 - 49. 

Summerhayes, V. S. 1968. The New Naturalist. Wild orchids of 

Britain with a key to the species. Published by Collins, 

St. James Place, London. 

Taguchi, H., Yosioka, I., Masaki, K. & Kim. I. 

constituents of Gastrodia elata. Chem. 

(Tokyo), 29 (1): 55 - 62. 

H. 1981. The 

Pharm. Bull. 

Tamanaha, L. R., Shimizu, C. J. & Arditti, J. 1919. The effects 

of ethephon on Cattleya aurardlaca (Orchldaceae) 

seedlings. Bot. Gaz., 140: 25 - 28. 

Tamm, C. O. 1912. Survival and flowering of perennial herbs. Ill. 

The behaviour of Prlmula veris on permanent plots. Oikos, 

23: 159 - 166. 

Terashlta, T. 1983. Fungi inhabiting wild orchids in Japan. 2. 

Isolations of symbionts from Splranthes sinensis 

var.amoena. Trans. Hycol. Soc. JPN., 23 (3): 319 - 328. 

Thomas, A. G. & Dale, H. M. 1915. The role of seed reproduction 

in the dynamics of est.ablished population of fiJeracium 

110ribundum and a comparison with that of vegetative 

reproduction. Can. J. Bot., 53: 3022 - 3031. 



Toshio, A. 1982. Occurrence of two different 

photosynthesis in Dendrobium cultivars. 

(Amst.), 17 (2): 169 - 176. 

modes of 

Sci. Hortic. 

Tripathi, R. S. & Gupta, G. P. 1981. The growth of Bothrlochloa 

pertusa (L)A. Camus. and Dichanthium annulatum (Forsk) 

Stapf. In competition with each other at three water 

regimes. Trop. Rcol., 22: 1 - 9. 

Tripathi. R. S. & Yadav, A. S. 1982. Population regulation of 

Eupatorium adenophorum Spreng. and E. rlparlum Regel: 

Effect of population density, soil nitrogen and light 

intensity. Plant and Soil, 65: 35 - 49. 

Trivedi, S. & Tripathi, R. S. 1982a. Growth and reproductive 

strategies of two annual weeds as affected by soil 

nitrogen and density levels. New Phytol., 91: 489 - 500. 

Trivedi, S. & Tripathi, R. S. 1982b. The effect of soil texture 

and moisture on reproductive strategies of Sp~.:>rgul a 

arvensis L. and Plantago major L. Weed Res., 22: 41 - 49. 

Uphoff. W. 1982. Identification of European orchids by 

determination of the anthocyanin concentration during 

development of the blossoms. Rxperientia (Basel), 38 (7): 

778 - 780. 

Vandersman, A. J. M., Van Tongeren. O. F. R. & Blom, C. W. P . 
• 

1988. Growth and reproduction of Rumex maritimus and 

Chenopodium rubrum under different waterlogging regimes. 

Acta Bot. Neerl., 37 (4): 439 - 450. 

Van Haes, J. M. & Debergh, P. C. 1986. In ~iitro germination of 

some western European orchids. Physiol. Plant., 67 (2): 

253 - 261. 

Varma. J. C. & Sahni, K. C. 1976. Rare orchids of the north 

eastern region and their conservation. Ind. Forester, 102 

(7): 424 - 431. 

Veerkamp, M. 'f. & Kuiper, P. J. C. 1982b. The effect of potassium 

on growth of Carex species from swamp habits varying from 

oligotrophic to eutrophic and comparison of physiological 

reaction of Car f.>.\ species to phosphorus stress and 

potassium stress. Physiol. Plant., 55: 242 - 246. 



Vermeer, J. G. 1986. The effect of nutrient addition and lowering 
., 

of water table on shoot biomass and species 

of wet grassland community (Clrsio-Hollnietum 

composition 

Siss. et de 

Vries, 1942). Oecol. Plant., 7 (21): 145 - 155. 

Vij, S. P. & Shekhar. N. 1986. Cytogenetical aspects of Indian 

orchids. In Biology, Conserva-~ion and Cul·tures of 

Orchids. S. P. Vij (ed). Published by Affiliated East­

West Press, Private Limited. New Delhi. pp: 75 - 78. 

Vij, S. P., Sood, A. & Plaha, K. K. 1984. Propagation of 

Rhynchostylis retusa (Orchidaceae) by direct 

organogenesis from leaf segment cultures. Bot. Gaz., 145 

(2): 210 - 214. 

Vij, S. P. & Pathak, P. 1990. Micropopagation of orchids through 

leaf segments. J. Orchid Soc. India, 4 (1, 2): 69 - 88. 

Vijayaraghavan, M. R. & Shukla, A. K. 1981. Viscin threads in 

Zeuxine strateumatlca (Orchidaceae). Grana, 19 (3): 113 -

176. 

Warcup, J. H. 1973. Specificity of mycorrhizal association in 

some Australian terrestrial orchids. New phytol., 70: 41 

- 46. 

Warcup, J. H. 1975. Factors affecting symbiotic germination of 

orchid seed. In F. E. Sanders, B. Mosse & P. B. Tinker 
I • 

(eds.). Endomycorrizae, Acad. Press London. pp. 87 -98. 

Warcup, J. H. 1981. The mycorrhizal relationships of Australian 

orchids. New Phy to 1. , 8'( (2): :n 1 _. :W?. 

Warcup, J. H. 1985. Rh i zarde 11 a gar.-in er i (Orchidaceae), 

rhizoctonia endophyte and close association 

Helaleuca uncineta (Myrtaceae) in western Australia. 

Phytol., 99 (2): 273 - 280. 

its 

with 

New 

Weerakoon. W. L. & Lovett, J. V. 1986. Studies of Sa 1 v i a ref 1 e.~ ... a 

Hornem. IV. Effects of watering frequency. drought and 

nutrient supply on growth and development. Weed Res., 26 

(4): 271 - 282. 

Westoby, M. & Howell, .}. 1982. Self t.hinning in rr.l·foJium 

subterraneum population transferred between full day 

light and shade. J. Ecol., 70: 615 - 621. 



Whigham, D. F. 1974. An ecological life history study of UFularia 

perioliata L. Am. MidI. Nat., 91: 343 - 359. 

Whigham, D. F. 1984. Biomass and nutrient allocation of T1.pu.lar.la 

di:..:::color (Orchidaceae). Oikos, 42 (3): 30~J -313. 

Whigham, D. F. & McWethy, M. 1980. St,udies on the pollination 

ecology of Tipularla dlscolor (Orchidaceae). Am. J. Hot., 

67 (4): 550 - 555. 

William, S. B. 1985. Habitat of tropical orchids. In The Orchid 

Grower's Manual. H. William (ed). Publisl~d by Periodical 

Experts, Book Agency. D-42. Vivak Vihar, Delhi-l10032 

(India). pp: 7 - 9. 

Williams, M. & Whitten, W. M. 1983. Orchid floral fragrances and 

male euglossine bees. Methods and advances in the last 

sesquidecade. BioI. Bull. (Woods Hole), 164 (3): 355 

395. 

Winter, K., Wallace, B. J., Stocker, G. C. & Koksandic, Z. 1983. 

Crassulacean acid metabolism in Australian vascular 

epiphytes and some related species. Oecologia (Berlin), 

57 (1-2): 129 - 141. 

Winter, K., Medina, E., Garcia, V., Mayoral, M. L. & Muniz, R. 
1985. Crassulacean acid metabolism in roots of a leafless 

orchid, Campylocentrum tyrridlon. J. Plant Physiol., 118 

(1): 73 - 78. 

Witlmer, S. W. 1974. The ecology of orchids. In The 

scientific studies. C. L. Withner (ed). Wiley 

pp: 1 - 100. 

orchids 

New York. 

Woledge, J. 1986. The effect of age and shade on the 

photosynthesis of white clover leaves. Ann. Bot., 57 (2): 

257 - 262. 

Wong, S. C. & Hew, C. s. 1973. Photosynthesis and 

photorespiration in some thin leaved orchid species. J. 

Singapore Nat. Acad. Sci., 3: 150. 

Yadav, A. S. & Tripathi, R. S. 1981. Population dynamics of the 

ruderal weed EupatorIum odnra"lum 

regulation. Oikos, 36 :355 - 361. 

and its natural 

Yadav. A. S. & Tripathi, R. fj. 1984. Effect. of afisociated species 

on three Eupai'pr!I .. H·l species. Indian <1. Ecol., 2: tHO 



196. 

Yadav, A. S. & Tripathi, H. S. 1985. Effect of 5011 moisture and 

sowing density on population growth of Eupatorium 

ar.ienophorum and E. rlparlum. Plant and SolI, B6: 441 

447. 

Yadav, L. P. & Bose, T. K. 1986. Effects of ni t,rogen, phosphorus 

and potassium on growth and flowering of Aerlde5 

multiflorum Roxb. In Biology, Conservation and Cultures 

of Orchids. S. P. Vij (ed). Published by Affiliated East­

West Press, Private Limited. New Delhi. pp: 75 - 78. 

Yam, T. W. & Weatherhead, M. A. 1988. Germination and seedling 

development of some Hongkong orchids. Lindleyana, 3 (3): 

156 - 160. 

Yamaguchi, S. 1979. Determination of several elements in orchid 

(Dendrobium nobile) plant parts by neutron activation 

analysis. J. Am. Soc. Hortic. Sci., 104 (6): 739 - 742. 

Yoneda, K. & Hirofumi, M. 1968. PLB and plantlet formation by 

root tip culture in Phalaenop5is. BuLl. Call. Agr. and 

Vet. Med. Nihon Oniv., 45: 191 - 196. 

Yoneda, K. 1989. Effects of fertilizers application on growth and 

flowering of orchid (Epidendrum radlcans: Pavon). Bull. 

ColI. Agric. and Vet. Med. Nihon Univ., 0 (46): 69 - 74. 

Yoneda. K., Sakamoto, T. & Sasaki, H. 1981. Studies on mericlone 

of orchids: Formation of buddings and plantlets of 

Cattleya hybrids. Bull. ColI. Agric. and Vet. Med. Nihon 

Univ., 0 (38): 80 - 88. 

Yoneda, K., Sakamoto, T. & Sasaki, H. 1983. Mericloning of 

orchids. 3. Clonal propagation of Phalaenopsi5 by means 

of flower stalk bud culture and shoot tip cult.ure. Bull. 

ColI. Agric. Vet. and Med. Nihon Oniv., 0 (40): 1 - 13. 

Yoneda, K. & Momose, H. 19HtL PLB and plantleL formation by root 

tip culture in Phalaenops.l:.':;. Hull. ColI. Agric. and Vet. 

Nihon Oni9.,0 (45): 191 - 196. 

Zeiger, E., Grivet, C., A~smann, S. M., Deitzer, G. F. & 
Hannegan, M. W. 1985. Stomatal limftation to carbon gain 

in Paphl0ped.1/um species (Orchida0eae) and its reversal 



" . ~ '. . 

• ',f. 
, .. ~ 

.' 
•. 1 

............. ' .. 



by blue light. Plant PhysioL, 7"7: 456 - 460 . 

. Zimba, D. T. 1990. Geography of Meghalaya. Standard Printing 

Press, Gauhati. 

Zimmermann, C. A. 1976. Growth characteristic of weediness in 

Portulaca oleracea L .. Ecology, 57: 964 - 974. 

Zimmermann, J. K. & Aide, T. M. 1989. Pattern of fruit 

production in a neotropical orchid. Pollinator vs. 

resource limitation. Am. J. Bot., 76 (1): 67 - 73. 

107 


