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INTRODUCTION

Orchids, the most spectacular among flowers, are unique with their
versatility in colour, form, size, shape and longer life span of the plant and flower. The
small proportion of the total international trade of cut flowers occupied by orchids
highlights their potential to take an even greater share of the market. Prospects of an
. increasing consumer demand and buoyant world market have promoted the status of

orchid growing as an industry in many countries, especially in South-East Asia.

Orchids belong to the largest family of flowering plants, Orchidaceae,
~ having over 600 genera and 30,000 species. They have a wide range of growing habit, -
from terrestrial to epiphytic. India has immense orchid wealth including more than

1300 indigenous types, but their commercial exploitation has been very slow.

In Kerala, cultivation of orchids was started by a few growers in
Trivandrum as early as during the late seventies. It is only very recently that
commercial cultivation on scientific basis has started in Kerala (Chadha, 1992). There
are many commercial growers now in Kerala engaged in orchid cultivation and trade,
especially with Dendrobium, Arachnis and Vanda which have good market potential
(Rajeevan et al., 1993). The scenario has significantly improved during the last few
years, resulting in significant expansion of area. According to the F ederation of Indian

Floriculturists Association (1997), about 14 lakh orchids are cultivated in Kerala.

Dendrobium is considered as the second largest genus of orchids. About
900-2000 species are reported in the genus with an estimate of 1340 species  (Baker
and Baker, 1996). Many of the Dendrobium species, viz., D. aduncum densiflorum, D.‘
moschatum, D. aggregatum, D. farmerii, D. fimbriatum, D. nobile, D. pierardii etc.,
were found to perform well under Kerala conditions (Rajeevan and Sobhana, 1993). In |
view of the easiness in management practices and ready availability of hybrids from
private importers, dendrobiums now occupy not less than 90 per cent of the areé under

orchid cultivation in the state. The hybrids popular here are Sonia 17, Sonia 28 (purple



and white flowers), Renappa, Sabine red (pure purple), Emma white, Kasem white,
Fairy white, Pravit white (pure white) etc. However, léck of adequate information on
management practices, right' from planting to handling of harvested blooms, has
resulted in low yield and poor quality of spikes. Since information from domestic
sources is scanty, the cultural operations and nutrient management followed by the
farmers are those adopted in the countries from where the plants are sourced, mainly

Thailand, Malaysia and Singapore.

The major constraints encountered in orchid cultivation are long pre-
blooming period, susceptibility to pests and diseases, poor health, mixed spikes,
inferior quality spikes and short vase life. Most of the above problems emanate out of

~ improper nutrition and hormonal imbalance.

‘ Application of nutrients in optimum proportions, quantities and frequencies
is the key factor in regulating growth and flowering in cutflowers. Proper relationship
between nutrients and hormones, rhajor and minor nutrients, inorganic and organic
forms etc., also play a significant role. Investigétion"s on these lines are, however,
meagre in Dendrobium. Being a flower having inherently long vase life, research on
enhancing the vése life has also not attractéd sufficient attention. Hence it has become
imperative to arrive at a package of practices of our own, right from the planting of

hardened plants to the cut spikes in vase.

In this context a study was undertaken in Dendrobium var. Soma 17, a
popular variety of Kerala, through the use of different combinations of nutrients, h
growth regulators and other chemicals, with the following major objectives.
1. To enhance the growth of plants and to reduce the pre-blooming period.
2. To improve the sizé and quality of spikes and to enhance the rate of spike
production. c

3. To prolong the vase life of spikes.






2. REVIEW OF LITERATURE

The dawn of nineties had witnessed popularisation of orchids in India,
especially in Kerala, with the introduction of a popular tropical genus, Dendrobium.
This being the second largest genus in the family of orchids with respect to number of
species, is the most popular sympodial orchid under commercial cultivaﬁon in the
tropics. In view of the large nﬁmber of species available a wide variety of hybrids are -

evolved n Dendrobium, of which "Sonia 17’ is of great demand.

Eventhough orchid cultivation has attained great popularity, many of the
cultivation practices followed even now are adopted from ofher growing countries in
the tropics, especially, the South-East Asian countries. Being a crop of relatively recent
 introduction research work on the aspects of nutrition and post harvest handling in
Dendrobium is meagre in our country. Hence reports of research, conducted n
Dendrobium as well as in other orchid genera, done elsewhere, are also reviewed in

this chapter, under various heads.

2.1 Reducing pre-blooming period
2.1.1 Effect of nutrients

Like any other crop, in orchids too, nitrogen, phosphorus and potassium are

the macronutrients, which are required in considerably large quantities.

Nitrogen is a vitally important plant nutrient and is the most frequently
deficient of all nutrients. An adequate supply of nitrogen is associated with high
photosynthetic activity and vigorous vegetative growth indicated by dark green leaves.

' Expess of nitrogen in relation to other nutrients like P and K can improve the
vegetative growth. If nitrogen is used properly in conjunction with other major nutrient
inputs, it can speed up the maturity of crops. Phosphorus (P) in plants is essential for -
energy currency. An adequate supply of P early in the life of a plant is important in

increased root growth. Phosphorus is also found to promote early maturity of crops.



Potassium, eventhough forms no co-ordinated compounds in the plants, is required for
activation of many enzymes, regulation of water status in the plant, translocation of

assimilates, N uptake and protein synthesis (Tisdale et al., 1995).

Early investigations on the nutrition of epiphytic orchids in their natural
habitat led to the assumption that cultivated orchids also needed little supplementary
nutrition other than that provided by their growing medium (Sandford, 1974). Later it
was proved that, like any other omamental plant, balanced nutrient supply was
required for orchids too, for their growth and flowering. Bose (1978) suggested that
growth and flowering in orchids are improved by a rggular schedule of fertilizers in
liquid form. The frequency and dilution of the fertilizing solution is dependent on the
type of orchids, their health and stage of growth.

Many workers have reported the beneficial effects of inorganic fertilizers in
improving growth and ﬂowerihg in orchids. Effect of three different levels of nitrogen,
- viz, 0, 50 and 100 1b/acre, on the growth of Phalaenbpsis seedlings and Cattleya was
studied by Sheehan (1960). He reported that there was significant increase in leaf
~ growth with increment of nitrogen. In Phalaenopsis "Pink Chiffon’, when nitrogen
level was increased from 50 ppm to 1000 ppm, enhancement of vegetative parameters

like number of leaves and leaf area were observed (Sheehan, 1966).

Penrﬁngsﬁéld and Fast (1962) reported thé effect of deficient and excess use
of nitrogen. Increased use led to fotting of roots and leaves in catﬂeya and deficiency
resulted in yellowing and wilting of leaves. Potassium deficiency resulted in dwarfness
with edges of leaves scofched and dead. Response of Odontoglossum to different doses
of nitrogen was reported by Gething (1974). The fresh weight recorded was found to
be 11, 22 and 43 g, with the treatment of 0, 50 and 100 ppm of nitrogen, respectively.
Addition of P,Os along with nitrogen considerably added to increase in the fresh
weight. In cattleya, leaf production was increased with the épplication of K alone and



with N and N content increased with the increased level of K (Poole and Sheehan,

1970).

According to Northen (1970) too much of mnitrogen produces excess
vegetative growth and delays flowering. Bhattacharjee (1977) observed that spraying
N, P,0s and KO at 100 ppm, each, at fortnightly intervals was beneficial in the case of
Bulbophyllum. In cymbidium and phalaenopsis seedlings, 100 ppm N together with 50
ppm P and 25 ppm K was found to be optimal (Poole and Seeley, 1978).

In a study conducted in Aranda "Noorah Alsagoff’, the nutrient requirement
found optimum for enhancing growth parameters was 20.9 mg N, 5.0 mg P and 21.8
mg K, applied at weekly intervals. Along with that, 3.4 mg magnésium was also found
to give good results (Khaw and Chew, 1980). |

Gomi ef al. (1980) recomrhended nutrient solution containing 77.0, 15.5,
39.1, 80.1 and 12.2 ppm N, P, K, Ca and Mg, respectively, for maximum vegetative
growth, which was fhrice that of standard level of aﬁplication in four year old
Phalaenopsis hybrids. Effect of different levels (0, 500 and 1000 ppm) of mtrogen,
phosphorus and potassium on the growth of Dendrobium moschatum grown in chunks
of hardwood charcoal was studied by Bhattacharjee (1981). With each increment of N
level, in general, there was marked improvement in vegetative growth. Earlier flower
bud appearance was recorded with 500 ppm N spr;y. Addition of P,0s sigﬁiﬁcantly
influenced vegetatiire growth. The beneficial effect was, however, restricted to the
application of 500 ppm, each, of P,Os and K20 and an increase above that level had no

effect.

Nichols (1982) reported an overall incréase in vegetative growth in the
seedlings of Cymbidiuni ‘Pharoah Pathfinder’, when liquid fertilizer containing 500
ppm potassium nitrate, 500 ppm ammonium nitrate and 100 ppm ammonium sulphate
was appliéd as spray at weekly intervals for a period of six months. Bik and Van der

berg (1983) observed that increasing nitrogen rate helped in increasing the shoot



production in Cymbidium 'Pendragon Sikkim’. Similar ﬁndmgs were obtained in Mini
cymbidium where vegetative parameters including number of shoots and leaf area were

enhanced by well balanced nitrogen supply (Bik and Van der berg, 1982).

Excess of nutrmon along with reduced water supply was suspected to be the
reason for leaf drop in Cymbidium (Johnson, 1984a). Nutrient solution contammg 100
ppm N, 20 ppm P and 75 ppm K was recommended for improving growth in
Cymbldlum and Cattleya (Johnson, 1984b)

According to Schenk and Brundert (1983), increased dosage of nitrogen
from 60 mg I" to 240 mg 1" was the reason for delay in flowering in Phalaenopsis.
Sakai ef al. (1985) suggested that a higher dose of nitrogén was beneficial under
outdoor cultivation of Dendrobium. Longer pseudobulbs were produced when nitrogen
was applied at 48 mg 1. Yadav and Bose (1986) found that, in Aerides multiflorum,
plants with deficient nitrogen showed stunted growth and early maturity. Spraying of
1000 ppm, each, of nitrogen, phosphorus and potassium enhanced the length and

number of leaves.

_ Results of experiment on Vanda ‘Miss Joac;uim’ with 150 kg ha nitrogen,
200 kg ha phosphorus and 275 kg ha™' potash by Higaki and Imamura (1987) showed
that height of plants and diameter of stem increased in the field conditions. Baﬁﬁeld
(1981) has recommended fertilizers containing high doses of nitrogen for
Paphiopedilung:spp. dunng growmg season. Schum and Fischer (1985) obtained the
greatest number of leaves and fresh weight in the plants receiving nitrogen and
potassiuﬁx in the ratio 1:1. Stewart (1988) recommended a combination containing a
greater proportion of nitrogen (3:1:1) in the early summer for better vegetative growth

“and balanced proportion of nutrient with NPK 1:1:1 for sustained growth. The use of
Ohio W.P. solution for the growth of most of the cultivated orchids has been suggested
by Singh (1986). ’



In Dendrobium ‘Lim Hepa’, increasing nitrogen dose from 50 ppm to
300 ppm and potassium from 25 ppm to 150 ppm showed clear effects on vegetative
growth. Nitrogen at 300 ppm delayed flowering and enhanced stem length (Uesato
et al., 1987). When doses of nitrogen, phosphorus and potassium were increased from
77.00 ppm, 15.50 ppm and 39.10 ppm to 308 ppm, 62.00 ppm and 156.40 ppm,
respectively, earlier flowering and increase in fresh weight and the nitrogen and
potassium content of leaves were obtained in the case of Cattleya and Phalaenopsis

(Tanaka et al., 1981, 19884, 1988b and 1989).

Mukherjee (1990) recommended a formlilation containing calcium nitrate,
magnesium sulphate, potassium nitrate and ammonium sulphate as major components
in addition to trace elements for ideal growth of pot grown orchids. According to
Koval’skaya and Zeimenko (1991), one year old Dendrobium phalaenopsis seedlings
grew better when fed with MS nutrient solution and two yéar old seedlings grew best
when fed with NPK 2:1:1. Seeni and Latha (1990) suggested that a combination of
commeércial diammonium phosphate and potassium nitrate (20:10:10 NPK) was by far

the most effective in terms of rapid leaf and root growth.

NPK 17:17:17 complex sprayed at weekly intervals @ 10 g 1! could
increase the number of clumps and leaves in Cymbidium traceanum (Sbbhana and
Rajeevan, 1995). Wadasinghe and Hew (1995) suggested that the leaves of backshoots
of Dendrobium cv. Jashika Pink were an important source of photosynthates for the
growth and flower production. Hence adequate nutrition in the current season becomes

beneficial for the succeeding vegetative growth as well as flowering.

Effect of nitrate-nitrogen and ammoniacal nitrogen on the growth and
development in Cymbidium sinense was studied by Ruichi ef al. (1994). If was
observed that both sources of N enhanced leaf growth at 10 mol I, but 50 mol NH,"
per litre reduced leaf growth. Wang (1996) observed that higher N rate produced wider



Jeaf spread, more and larger leaves and greater total leaf area, regardless of the type of
fertilizer used in young seedlings of Phalaenopsis cv. Tam butterfly.

In Arachnis Maggie Oei 'Red Ribbon’ under trench culture, a nutrient
dosage of 300 ppm N, 400 ppm P and 300 ppm K from the time of plantiné to nine
months after planting and thereafter a dosage of 400 to 500 ppm N, 400 ppm P and
500 ppm K was recommended by Thekkayam (1996). According to her, the beneficial
doses in Dendrobium *Sonia 16’ was 400 to 500 ppm of N, P and K. Taejung et al.
(1998) reported that healthy compact plants were produced in Cymbidium with NPK
combination having high content of K. Leaf analysis showed high N content when
30:10:10 NPK was applied and least when 6:40:6 NPK was given. Nutrient
recommendation of 2.0 mg NPK from three to six months, 6:2:2 NPK from six to nine
months and 6:2:6 NPK from nine to twelve months was made by Umamaheswari
(1999). For more than one year old plants 6:6:2 NPK was the best for maximum
vegetative growth.

2.12 Effect of plant growth regulators

(4

Promotion of lateral shoot growth in intact stems of orchids using cytokinins
is found successful in Ascocenda and Paphiopedilum (Kunisaki, 1975). In his studies,
the plants were sprayed with BA and BAP at 750 mg 1" and 1000 mg 1", respectively.

Dendrobium sprayed thrice with 0.01 mg/ft? triacontanol flowered earliest
~ (18 months after spraying) followed by 0.01 mg/ft* (21 months after spraying), whereas
control plants did not flower by this time (Yee, 1983).1‘

Keithly ef al. (1991) reported the growth enhancing properties of Dichloro
phenoxy triethyl amine (DCPTA) in Dendrobium ‘Hickam Deb’. Shoot growth,
root:shoot ratio and survival of DCPTA treated plants were increased significantly. In
another study Pileuk et al., (1992) found that application of BA @ 1000 mg I
significantly reduced leaf shedding during transit



2.2 Effect of nutrients on flowering

Effect of nutrients like nitrogen, phosphorus and potassium on flowering
conforms with those in 6ther flower crops. In Phalaenopsis increased nitrogen supply
up to 1000 ppm was found to produce longer flower spikes with increased girth of
spikes. Vacharotayan and Keetapirom (1975) found improvement in flowering of
Dendrobium Madame Pompadour with NPK ratio 3:3:2 to 5:5:2. '

Sagarik and Siripong (1963) reported beneficial effects by the use of a
solution containing potassium nitrate, ammonium sulphate and superphosphate as
major ingredients. Bhattacharjee (1982) studied the effect of three levels of nitrogen,
viz., 250, 500 and 1000 ppm, in combination with 250 and 500 ppm, each, of P;0s and
KO in Rhynchostylis gigantea. When 500 ppm of N was used with a combination of
500 ppm of P,Os and KO, flowering and flower parameters were enhanced. Schenk
and Brundert (1983) recommended the use of njtrate and ammoniacal forms of
nitrogen in the proportion of 2:1 for obtaining better flowering in phalaenopsis. A spray
schedule of NPK 10:30:20 at weekly intervals for ﬂo@vering plants was recommended
by Abraham and Vatsala (1981). '

Pradhan (1976) recommended the use of 1:1:1 of NPK mixture for
flowering season. Boon (1982) and Merriman (1987) recommenided N, P and K in the
ratio 11: 13:6. at weekly intervals for increased flower production during summer and
autumn in Oncidium and Cymbidium, respectively. Stewart (1988) suggested that use
of a high K content combination of NPK 1:1:3 was b?neﬁcial for ﬂowering.

Longman (1989) recomxﬂended foliar feeding of mature flowering plants
using NPK at 18:18:18. However, NPK at 10:30:30 produced more number of spikes
per plant per year. Higaki (1989) suggested that if was better to use dilute solution
daily rather than concentrated solution monthly. He recommended the use of 22 per
cent N, 21 per cent orthophosphoric acid and 17 per cent K;O for spraying in

flowering plants.



A combination of NPK in the ratio 10:12:10 was suggested as the best by
Bose and Bhattacharjee (1972), for growth and flowering in large number of hybrids of
orchids. Yadav and Bose (1986) reported an enhanced spike length of 30.1 ¢cm and
diameter of 4.1 mm, compared to 19.1 cm and 3.0 mm, respectively, in control, when

1000 ppm of nitrogen was applied as spray.

v In trials with miniature Cymbidium grown for cut flowers, the effects of
nitrogen @ 24-120 mg I'' were assessed and it was observed that increasing N rates

o)

enhanced number of flower stems per plant but length of spike and number of flowers

per spike were found to decline (Bik and van den Berg, 1982).

Ma (1992) reported a competition between the inflorescence and vegetative
shoot for assimilates translocated from the leaves of current shoot of Dendrobium W.
Rong Rong. He has recommended the use of higher concentration of N and P and
frequency of 2-3 sprays per week when the plant is in the flowering stage. Clifford
et al. (1992) reported the role of the leaves of back shoots as a source for development
of inflorescence in monopodial orchid Aranda.

Wang and Gregg (1994) observed that increasing the fertilizer application
from 0.25 to 1.00 g I, increased the flower number, stalk diameter and length in
Phalaenopsis. FWang (1996) reported that fertilizer application using 20.0 N, 8.6 P and
166K @ 1 g I' constantly resulted in more inflorescence and flowers in Dendrobium
‘Rinnapa’.

Thekkayam (1996) reported that nitrogen at 500 ppm increased the length
of inflorescence, number of florets per inflorescence and span area of the flowers. The
number of inflorescences produced was also greater in the plants receiving 400 and

-300 ppm N, 400 and 500 ppm K and 500 ppm P in Dendrobium "Sonia 16°.

222 Effect of growth regulators
Naturally occurring hormones play an important role in the process of
flower bud induction in orchids (Vries, 1953). This strengthened the exogenous

[4



application of growth regulators. The juvenile stage prior to flowering varies from three
to more than even thirteen years in orchid hybrids. Control of flowering by plant
growth regulators has attracted attention due to the need in commercial orchid

production to resolve problems of flowering periodicity (Koay and Chua, 1981, Lee
and Koay, 1986).

A wide range of plant grdwth regulators inclﬁding gibberellins, _auxins,
cytokinins, ethephon and abscissic acid has been tested for their effect on flowering in
orchids. Bivins (1968, 1970) reported the effect gibberellin on the flowering of
Cymbidium. Application of GA; at 1000, 5000 and 10000 ppm at an interval of 2, 4. of
6 weeks accelerated flowering. Length of flower spike and size of flower were also
increased. Goh and Wan (1974) reported that the flowering intensity in Vanda ‘Miss
Joaquim’ was inversely correlated with the auxin level in the shoot apex. Plants
exhibiting profuse flowering were found to have lowegt level of auxin. Goh and Seetoh
(1973) also obtained similar results. Decapitation was found to induce flowering in
Aranda ‘Deborah’. But this response could be inhibited by continuous supply of
10* M IAA solution. Goh (1977) found that application of cytokinin (BA) caused
production of multiple inflorescences. Also antiauxins and growth retardants were
effective in stimulting ﬂbwen'ng in Aranda ‘Deborah’. Similar results were obtained in

Arachnis ‘Maggie Oei’ and Aranda "Queen of Purples’ (Goh, 1976) too.

In Dendrobium, application of BAP at 4000 ppm revealed a decrease in
flower number, which normally occurs when the ﬁlants were forced to flower through
light and temperature treatments. It also increased the number of spikes (Higuchi and
Sakai, 1977). Goh and Yang (1978) reported that treatment of rhature pseudobulbs
with BA stimulated flowering. Gibberellic acid was 'ineﬁ‘ective when applied alone but

enhanced the effect when applied in combination with BA.

Spraying with ethrel at 1000-4000 ppm, 1-3 times, at weekly intervals has

been found to hasten flower induction in Oncidium ‘Golden Shower’ (Widyastuti and
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Soedjone, 1979). In Dendrobium “Lousiae® GA; did rot stimulate BAP effect (Lee and
Koay, 1986) whereas in Dendrobium noduka, GA; stimulated BAP action.

Aranda was found to produce inflorescences following BAP application just
before flowering season (Hew, 1993). But in the case of Dehdrobium, BAP was found
to have no effect (Goh and Arditti, 1985). Paclobutrazol, a triazole growth regulator
inhibiting gibberellin biosjnthesis, has been reported to promote early flowering of
Dendrobium although with reduced plant and flower size (Pileuk ez al., 1986). Chen
et al, (1997), after studying the effect of BA and GA; on flowering plants of
Phalaenopsis ‘Leda’, found that at concentrations of 1, 3 and 5 ng/shoot, flowers were

" deformed. The deformity was reduced by BA combination but intemnodes were

reduced.

Frequent reports of bud drop are seen in pszular tropical orchids grown for
cut flowers like Aranthera and Dendrobium, which has reduced the cultivation
of these crops. There is a report of the application of 2-NOA @ 40 mg I preventing
bud drop in Dendrobium bigibbum (Boyd, 1985). It has also been found that GA; at
50 mg I"' prevented ethephon induced bud drop in Cymbidium hybrid (Brewer et al,
1989). '

23 Post harvest studies

A cut flower is a complex organ composed of morphologically and
physiologically diﬁ'érent units. The regulatory factors, such as, water relations,
carbohydrate levels and ethylene production and their inter relationships determine post
harvest longevity and quality. The most widely accepted theories on extending vase life
of cut flowers are based on the improvement in water relations within the stem. A high
level of turgidity is necessary for the development of cut flower buds to full bloom
maturity (Bhattacharjee, 1994).

(4
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According to Halevy and Mayak (1979), extension of vase-life of cut
flowers involves two seemingly . conflictive processes; the promotion of growth during
the first phase and retardation of senescence process during the second phase. Post
harvest life of cut flowers depends on several pre and post harvest factors, such as
nutritional status of the growth medium, aerial and root temperature, photoperiod and
light intensity during growth period in the green house, conditions dun'ng harvesting;
grading, packaging, transportation and composition of pulsingn and bud Qpem'ng
solutions (Salunkhe ef al., 1990). ’

Two major factors affecting water absorption through conducting vessels
are air embolism and the occurrence of vasculariocclusion in cut flower stems.
Vascular blockage begins at the cut end and moves upwards in the stern with time
(Durkin and Kue, 1966). Microbial occlusions are localised at the base of cut flower
stems (Linberger and Steponkus, 1976) and gummy exudates of cellular origin found
inside the stems, usually above the solution levels, plug the conducting vessels and
obstruct water flow. Ethylene induced clogging due to wounding of stem tissue is also
believed to be a major factor limiting post harvest life by inducing water stress and
senescence (Paull and Goo, 1985).

23.1 Post harvest physiology of orchid flowers

v Depending on the orchid species, unpollinated orchid flowers may remain -
fresh for weeks or even months (Arditti, 1979). After pollination, senescence is greatly

accelerated. This was observed at a slightly slower rate following emasculation.

Both pollination and emasculation stimulate ethylene pioduction (Burg and
Dijkman, 1967). The physiological and biocherhical processes associated with -
pollination (post-pollination phenomena) have beert extensively studied. The stigma
and rostellum are the primary sites for ethylene production (Chadwik et al., 1980).
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Orchid flowers are very sensitive to ethylene (Beyer, 1976; Davidson, 1949)
and there are many reports of senescing flowers producing this hormone (Akamine, -

1963; Arditti, 1979, Goh et al., 1985, Nair and Tong, 1987 and Nair et al., 1991).

Premature fading of Cymbidium flowers was observed when exposed to as
liﬁle as 0.0002 ppm of ethylene for 24 hours (Davidson, 1949) Van (1997) observed
that endogenous ethylene has a role in changing perianth form and colour in addition to
31gnallmg the occurrence of pollination. Many chemicals have been used as growth
regulators to reduce ethylene damage in cut flowers of non-orchid species (Halevy and
Mayak, 1981). The same have also been tried for orchid cut flowers, although to a

considefably lesser extent.

To preserve the quality of cut flowers after harvest and to make them
resistant to fluctuations I environmgntal conditions, treatment. with floral
preservatives, known as pulsing,' is recommended. The met_hod of pulsing consists of
placing the lower portion of ﬂéwer stems in solutions containing sugar and germicides.
for a period ranging from few hours to as long as two days. The cut flowers may be
pulsed _with flower preservatives containing sugars, anti-microbial substances and

antiethylene substances (Bhattacharjee, 1997).

The main ingredient of pulsing solution 1 1s however, sugar the percentage
of which varies with species and cultivars. The sugar concentratlon of pulsing is much
higher than that used in floral preservatives for the continuous treatment of flowers in
the vase or holding solution. Hence a strictly curtailed period is necessary in order to
avoid the injury caused due to high sugar ooncentratii)ns. Sucrose replaces the depleted
endogenous carbohydrates utilized during the post harvest respiration of flowers. But
orchid flower being nonfclimacteﬁc is harvested only after majority of florets in a spike
is open. Hence sugar requirement is less in the case of orchids (Arditti, 1990). Sucrose
is however reqliired both in bud opening (Marousk};, 1973; Ketsa and Amutiratana,
1986) and in holding solution for increasing vase life (Ketsa, 1986, Hew, 1987 and
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Downs ef al., 1988). Though sucrose is the sugar most often used in floral

preservatives in some formulations glucose and fructose may also be used (Novak and

Rudnicki, 1990).
2.3.1.1 . Effect of pulsing treatments

Treatment with silver nitrate for 30 minutes at a concentration of 500 mg I’
was found to extend the vase life of Oncidium flowers (Ong and Lee, 1983). A
significant increase in the vase life of Aranda flowers was observed when they were

pulsed with 4 mM silver thiosulphate (STS) for 10 minutes (Hew, 1989).

According to Novak and Vacharotayan (1§80), the vase life of Dendrobium
could be extended from 23 days to 30 days following treatments with silver thio
sulphate @ 0.01 mM for 30 minutes. However, in cattleya flowers, STS @ 4 mM for
" 30 minutes did not have any effect on post harvest longevity (Goh et al., 1985). The
relatively low éoncentration and short immersion '{ime needed for the treatment
indicate that STS is highly mobile in plants (Hew and Clifford, 1993). Silver is well
known as an effective ethylene antagonist. By blocking the receptor site for ethylene,
Ag’ prevents the autocatalytic increase in ethylene production (Nair, 1984).

Foliar application of ammonium chloride at 500 ppm, ammonium
molybdate at 100 ppm or boric acid at 1000 ppm lengthened the vase life of Oncidium
‘Goldiana’ (Ong, 1982). Hot water treatment has also been known to help cut stem to
recover turgidity and thus extend vase life (Wangkeaw and Techanpiyawat, 1992).

Porat et al. (1994) reported that exogenous application of methyl ester of jasmonic acid
to Dendrobium cv. Jaquelyn Thomas flowers accelerated senéscence. Hence their
inhibitors, viz., salicyl hydroxamic acid and n-propyl gallate could be used to reduce

~ senescence.

A study on the effects of BA pre-treatment on vase life, ethylene production
and soluble sugar content of Cattleya hybrids by Yamane ef al. (1997) revealed that



6

BA upto 3 mM for 24 hours signiﬁcantly suppressed ethylene production and
prolongéd vase life of cut florets of Laeliocattleya ‘lrene Finney’ and
Brassolaeliocattieya Helen Brown cv. Sweet Afton. According to Huang et al. (1997),
chilling storage of Phalaenopsis flowers for 10 days at 7°C reduced its vase life to half
due to enhanced ethylene production and electrolyte leakage. In Arachnis and Cattleya,
Jongevity could be enhanced by a 10 minute treatment of AgNO; @ 100-200 ppm
(Sharma and ‘Kaur, 1994). Jung Nam ef al. (1998) suggested that treatment of
aminoethoxy vinyl glycine (AVG) reduced the rise in ethylene production after harvest.
Jomy (1998) reported that the use of a combination of four per cent sucrose and 400
~ ppm 8-HQ for six hours enhanced the vase life of Déhdrobium flowers up to 21.0 days.

232  Effect of holding solutions

Many chemicals have been used in holding solutions to improve vase life,
their’ﬁ.mctions being different, viz., opening of buds after harvést, reducing microbial
growth and activity, inhibition of ethylene synthesis and evolution etc. Silver nitrate
and silver thiosulphate were reported to inhibit microbial growth in vase water and
ethylene synthesis in tissues, resulting in extension of vase life (Halevy and Kofranek,
1977, Mayak et al., 1977). Hydroxyqumolmé sulphate (HQS) and Hydroxy quinoline
citrate (HQC), bacteriocides commc;nly included in holding solutions for extension of
vase-life of cut flowers (Halevy and Mayak, 1981), have also been used to extend vase
life of orchid flowers. Generally, HQS seems to work best for orchid flowers when it is

used in combination with sugar (Hew, 1987, Ketsa and Amutiratana, 1986).

Yong and Ong (1979) obtained exten;ion of vase life in Oncidium
‘Goldiana’ with 200 ppm 8-HQ, two per cent sucrose and 100 ppm ascorbic acid. Ong
-and Lee (1983) found increased shelf life with 25 to 40 ppm silver nitrate, along with
8-HQ in holding solutions for Oncidium ‘Golden shc;wer’. Hew et al. (1987) observed
enhancement of vase life of 4randa cultivars with sucrose and 8-HQ, two per cent

sucrose and 100 ppm ascorbic acid. Ketsa (1989) recommended that the optimum
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holding - solution for cut inflorescence of Dendrobium ‘Pompadour’ was 200 mg
8-HQS I + 50 mg AgNO; I" + 8 per cent sucrose solution. This combination
increased the percentage of bud opening and vase life and decreased the openin% time.
Ketsa anid Boonrote (1990) also reported prolonging vase life with sucrose, glucose,
8-HQ and AgNO; in Dendrobium ‘Youppadeewaxi’ and recommended four per cent
glucose, 225 mg 1" of 8-HQS and 30 mg I" of AgNO; as being the optimum

concentration.

Bhattacharjee (1995) observed that the shelf life of orchid cut flowers was
increased by placing the stems in solutions of 250 ppm boric acid or HQC solution or 5
mM KCl and 0.5 mM CoCly. According to Ketsa ef al. (1995), inflorescence of
Dendrobium held in vase solution containing 225 mg I HQS + 30 mg I AgNO; +4
per.cent glucose recorded the longest vase life of 51.5 days, while in distilled water it
was only 7.25 days. This also had the highest percentage of buds opened (89.46%,
compared to 18.82% in control) and lowest bacterial population. Application of
AgNO; at 100-200 mg 1! was useful in delaying senescence in Cattleya, Dendrobium,
Oncidium and Rhynchostylis and thereby increasing their shelf life (Pathak and Kaur,
1996).

Ketsa ef al. (1995) reported that vase life of open florets of Dendrobium
‘Sabine’ and ‘Sonia Bom’ significantly increased when they were held in a solution
containing 8-hydroxy quinoline sulphate + glucose, even though ethylene production
was not reduced. According to Jomy (1998), vase life of Dendrobium, Mary Trowse,
Candy Stripe an.d Walter Oumae was maximum (26 days) in holding solution
containing six per cent sucrose, 300 ppm 8-HQ and 20 ppm AgNO;. The mode of
action of HQS, silver nitrate and antisalicylic ac'id" is more likely as bactericidal in

- preventing xylem blockage.

There are also reports that Vanda ‘Miss Joaquim® could be stored well

under hypoboric storage conditions (Burg, 1973).
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Although some progress has been made in studies on the post harvest
handling of erchids, there are very little reports of application in commercial nurseries.
Generally, knowledge rega‘rdingnthe prdper handling and storage of cut orchid flowers
remains far behind than that for other commercial flowers such as rose, camation and

chrysanthemum.






3. MATERIALS AND METHODS

The present studies on the regulation of growth and flowering in
dendrobium var. Sonia 17 were carried out in the orchidarium of AICFIP, Department

of Pomology and Floriculture, Vellanikkara from June 1998 to September 1999. A part

of the research work was carried out at Padikkala Orchids, Thrissur from January 1999
to September 1999. The studies were conducted with an objective to enhance the
growth of the plants and to reduce the preblooming period, to improve the size and
quality of spikes, to enhance spike production and to prolong the vase life of spikes
through the use of different combinations of nut:ie;its and growth regulators. The
materials used and the} methods adopted for the investigation are dealt with in thls

. chapter. _ P

Vellanikkara 1s situated at a latitude of 10° 31” N and longitude of 76° 3” E.
The area lies 22.25 m above MSL and enjoys the typlcal warm humid tropical climate
of Kerala. The chmatologlcal data during the penod of investigation are given in

Appendix L.
3.1 Planting material

. Dendrobium is an epiphytic genus belonging to the family Orchidaceae.
This is a commercially important genus widely cultivated in Kerala. Sonia 17 is'one of
the popular varieties of the genus. The plant shows sympodial growth with club shaped
| pseudobulbs. Leaves are bright green, broad and acute.

3.2 Treatments

321 Experiment 1

This experiment was carried out with the objective of reducing' the

Preblooming period. Tissue culture plants of less than 2.5 ¢m size were used for this
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expeniment. These _plants were planted in pots of 5.0 cm size using brick pieces and

charcoal bits as growing media (Plate 1).
3.2.1.1 Inorganic nutrients

Major nutnients N, P and K at thre¢ different ratios, viz., NPK 10:10:10, -
20:10:10 and 30:10:10 were used. These were tried at two concentrations, viz., 0.1 per
cent and 0.2 per cent. Two frequencies of application were tried, viz., weekly once and

. weekly twice.

Nutrient combinations were made using ammonium nitrate,

orthophosphoric acid and potassium nitrate.
3.2.1.2  Growth Regulators

Three different growth regulators, viz., Benzyl Adenine (BA), Gibberellic

Acid (GA;)' and Indole Acetic Acid (IAA) were used in the trial. These were tried at
two different concentrations, each, namely, BA 100 ppm and 200 ppm, GA; 10 ppm
and 20 ppm and IAA 250 ppm and 500 ppm. A set of plants was grown without any
growth regulators (control). |

Treatment combinations

T - F1GoW, - NPK 10:10:10 - 0.1% Weekly once + No growth regulator

T; - FiG,W, - NPK 10:10:10 - 0.1% Weekly once + BA 100 ppm

T; - F1G2W, - NPK 10:10:10 - 0.1% Weekly once + BA 200 ppm

Ta - F1G3W,; - NPK 10:10:10 - 0.1% Weekly once + GA;3 10 ppm

Ts - FiG4W; - NPK 10:10:10 - 0.1% Weekly once + éA; 20 ppm
st - FiGsW; - NPK 10:10:10 - 0.1% Weekly once + IAA 250 ppm

T7 - FiG¢W, - NPK 10: 10:.10 - 0.1% Weekly once + IAA 500 ppm

Ts - F2GoW; - NPK 10:10:10 - 0.2% Weekly once + No growth regulator

Ty - F,G1W, - NPK 10:10:10 - 0.2% Weekly once + BA 100 ppm

Tio - F2GoW, - NPK 10:10:10 - 0.2% Weekly once + BA 200 ppm
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T;; - F2G3Wi - NPK 10:10:10 - 0.2% Weekly once + GA3 10 ppm

Tyz - F2GaW; - NPK 10:10:10 - 0.2% Weekly once + GA3 20 ppm

Ty3 - F2GsWi - NPK 10:10:10 - 0.2% Weekly once + IAA 250 ppm

T4 - F,éewl - NPK 10:10:10 - 0.2% Weekly once + IAA 500 ppm

Tys - F3GoW; - NPK 20:10:10 - 0.1% Weekly once + No growth regulator
Ty - F3GW - NPK 20:10:10 - 0.1% Weekly once + BA 100 ppm

Ty - F3G;Wi - NPK 20:10:10 - 0.1% Weekly once + BA 200 ppm

Tis - F3GsW,; - NPK 20:10:10 - 0.1% Weekly once + GA; 10 ppm

Ty - F3GsW; - NPK 20:10:10 - 0.1% Weekly once + {3A3 20 ppm

Tz - F3GsW; - NPK 20:10:10 - 0.1% Weekly once + IAA 250 ppm

Tz - F3G¢W, - NPK 20:10:10 - 0.1% Weekly once + IAA SOO ppm |

Taz - FaGoW) - NPK 20:10:10 - 0.2% Weekly once + No growth regulator
' Tas - FaGiWi - NPK 20:10:10 - 0.2% Weekly once + BA 100 ppm

T4 - F4G2W; - NPK 20:10:10 - 0.2% Weekly once + BA 200 ppﬁl

Tzs - F4G3W; - NPK 20:10:10 - 0.2% Weekly once + GA3; 10 ppm

Tz6 - F4G4W, - NPK 20:10:10 - 0.2% Weekly once + GA; 20 ppm

Ta7 - F4GsW; - NPK 20:10:10 - 0.2% Weekly once + IAA 250 ppm

Tag - FsGeW, - NPK 20:10:10 - 0.2% Weekly once + IAA 500 ppm

T2 - FsGoW, - NPK 30:10:10 - 0.1% Weekly once + No growth regulator
Ts0 - FsG;W,; - NPK 30:10:10-0.1% Weeldy once + BA 100 ppm

Ts1 - FsGaW; - NPK 30:10:10 - 0.1% Weekly once + BA 200 ppm

T3z - FsG3W; - NPK 30:10:10 - 0.1% Weekly once + GA3 10 ppm

T3 - F5sGsW, - NPK 30:10:10 - 0.1% Weekly once + GA; 20 ppm

T4 - FsGsW, - NPK 30:10:10 - 0.1% Weekly once + IAA 250 ppm-

. T35 - FsGsW, - NPK 30:10:10 - 0.1% Weekly once + JAA 500 ppm

Ts6 - FsGoW, - NPK 30:10:10 - 0.2% Weekly once + No growth regulator
T37 - FsGiW; - NPK 30:10:10 - 0.2% Weekly once + BA 100 ppm
Tsg - FsG,W, - NPK 30:10:10 - 0.2% Weekly once + BA 200 ppm
T30 - FsG3W; - NPK 30:10:10 - 0.2% Weekly once + GA3 10 ppm



Tao - FsG4W; - NPK 30:10:10 - 0.2% Weekly once + GA;3 20 ppm
Ta1 - FéGsW, - NPK 30:10:10 - 0.2% Weekly once + IAA 250 ppm
Taz - FsGeW, - NPK 30:10:10 - 0.2% Weekly once +1AA 500 ppm

In another set of treatment combinations, nutrients were also applied twice a
week (W2). The growth regulators were applied only once a month in all the
treatments. Each treatment was imposed on twelve plants. |

322 Experiment 2

+  This part of the trial was conducted to improve the flower yield and quality

in the flowering plants of dendrobium var. Sonia 17.
3.2.21 Inorganic nutrients

Three different combinations of the major nutrients, viz., NPK 10:10:10,
20:20:20 and 10:20:10 were tried at two different leveis, 0.1 per cent and 0.2 per cent,
each. Two frequencies of application, weekly once and wéekly twice, were tried.
Chemicals used to prepare the nutrient combinations were ammonium nitrate,

orthophosphoric acid and potassium nitrate.
3222  Growth regulators

Two growth regulators and their combinations were used at two levels. The
growth regulaibr treatments were BA 50 ppm and 100 ppm, GA; 10 ppm and 20 ppm,
BA 25 ppm + GA3 5 ppm and BA 50 ppm + GA; 10 ppm. A group of plants were
grown without any growth regulators (control). |

Combination of treatments
Ti - F;GyW,- NPK 10:10:10 - 0.1% Weekly once + No growth regulator
Tz2- FiG,W, - NPK 10:10:10 - 0.1% Weekly once + BA 50 ppm

- T5-F,G,W, - NPK 10:10:10 - 0.1% Weekly once + BA 100 ppm



Ts-F1G3W, - NPK 10:10:10 - 0.1% Weekly once + GA3 10 ppm

Ts - F1G4W, - NPK 10:10:10 - 0.1% Weekly once + GA3 20 ppm

Te - F1GsW, - NPK 10:10:10 - 0.1% Weekly once + BA 25 ppm + GA; 5 ppm
T7 - F1GsW, - NPK 10:10:10 - 0.1% Weekly once + BA 50 ppm +GA; 10 ppm
Ts - F2GoW, - NPK 10:10:10 - 0.2% Weekly once + No growth regulator

To - F2GiW; - NPK 10:10:10 - 0.2% Weekly once + BA 50 ppm

Tio - F2G2W1 - NPK 10:10:10 - 0.2% Weekly once + BA 100.ppm

T - F2GsW; - NPK 10:10:10 - 0.2% Weekly once + GA; 10 ppm

T,y - F2GsW: - NPK 10:10:10 - 0.2% Weekly once + GA3 20 ppm

T3 - F2GsW, - NPK 10:10:10 - 0.2% Weekly once + BA 25 ppm + GA3 5 ppm
Tia- F2G¢W, - NPK 10:10:10 - 0.2% Weekly once + BA 50 ppm + GA3 10 ppm
Tis - F3GoW) - NPK 10:20:20 - 0.1% Weekly once + No growth regulator

Ti¢ - F3G1W; - NPK 10:20:20 - 0.1% Weekly once + BA 50 ppm

Ty - F;GZWI - NPK 10:20:20 - 0.1% Weekly once + BA 100 ppm

Tis - F3G3W, - NPK 10:20:20 - 0.1% Weekly once + GA; 10 ppm

Tis - F3G4W, - NPK 10:20:20 - 0.1% Weekly once + GA3 20 ppm

T2 - F3GsW; - NPK 10:20:20 - 0.1% Weekly once + BA 25 ppm + GA; 5 ppm
Tai - F3GeW; - NPK 10:20:20 - 0.1% Weekly once + BA 50 ppm + GA; 10 ppm
T2 - F4GoW, - NPK 10:20:20 - 0.2% Weekly once + No growth regulator

Tas - F4GiW, - NPK 10:20:20 - 0.2% Weekly once + BA 50 ppm

Ta4 - F4G;W, - NPK 10:20:20 - 0.2% Weekly once + BA 100 ppm

Tzs - F4G3W, - NPK 10:20:20 - 0.2% Weekly once + GA; 10 ppm

Tz6 - F4G4W, - NPK 10:20:20 - 0.2% Weekly once + GA; 20 ppm

T27 - F4GsW, - NPK 10:20:20 - 0.2% Weekly once + BA 25 ppm + GA3 5 ppm
Tzg - F4GeW) - NPK 10:20:20 - 0.2% Weekly once + BA 50 ppm + GA; 10 ppm
Tz - FsGoW, - NPK 10:20:10 - 0.1% Weekly once + No growth regulator

T30 - FsG,W, - NPK 10:20:10 - 0.1% Weekly once + BA 50 ppm

Ts - FsG,W, - NPK 10:20:10 - 0.1% Weekly once + BA 100 ppm
. T2- FsGsW, - NPK 10:20:10 - 0.1% Weekly once + GA; 10 ppm
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Tss - FsGaW1 - NPK 10:20:10 - 0.1% Weekly once + GA; 20 ppm

Tys - FsGsWi - NPK 10:20:10 - 0.1% Weekly once + BA 25 ppm + GA; 5 ppm
Tss - FsGeW; - NPK 10:20:10 - 0.1% Weekly once +BA 50 ppm + GA; 10 ppm
Ts6 - FsGoW) - NPK 10:20:10 - 0.2% Weekly once + No growth regulator

Ty - FéGiW) - NPK 10:20:10 - 0.2% Weekly once + BA 50 ppm |

Tss - FsGaW1 - NPK 10:20:10 - 0.2% Weekly once + BA 100 ppm |

T3 - FsG3W; - NPK 10:20:10 - 0.2% Weekly once + GA; 10 ppm

Tao - FéGsW, - NPK 10:20:10 - 0.2% Weekly once + GA; 20 ppm

Ta; - FéGsWi - NPK 10:20:10 - 0.2% Weekly once + BA 25 ppm + GA3 5 ppm
T4 - FsGsW1 - NPK 10:20:10 - 0.2% Weekly once + BA 50 ppm + GA; 10 ppm

In another set of treatment combinations, nutrients were also applied twice a -
week (W;). The growth regulators were applied only once a month in all the
. treatments. Each treatment was nnposed on six plants..

In the above two experiments, general treatments like cow’s urine (1:25
dilution) and coconut water (1:25 dilution) were given uniformly to’ all plants in
alternate weeks. Prophylactic application of plant prétection chemicals was also done

~ at regular intervals.
323  Experiment3

This consisted of post harvest studies. The objective was to enhance the
vase life of cut spikes of dendrobium var. Sonia 17. Spikes were harvested when two
third of the flowers were open. Standard spikes having 4-5 open florets and 1-2 buds
were used for the study. A slanting cut was given: to expose more surface afea to the
pulsing and holding treatments. Post harvest observations, such as, fresh weight of the
spike, number of florets per spike, stalk length of the spike, rachis length and size of
open florets were taken initially. The spikes were given different pulsing and holding )

treatments, the details of which are as follows.



3.2.3.1 Pulsing treatments

P, - Control (no pulsing treatment)

P; - HQ 500- ppm + Sucrose 5% for 6 hours
P, - HQ 500 ppm + Sucrose 5% for 12 hours
P; - HQ 250 ppm + Sucrose 5% for 6 hours
P, - HQ 250 ppm + Sucrose 5% for 12 hours
Ps - Precooling at 16-20°C for 6 hours

P, - Precooling at 16-20°C for 12 hours

P; - Precooling at 10-15°C for 3 hours

Pg - Precooling at 10-1 5°C for 6 hours

P, - Hot water dip at 60-70°C for 5 seconds
Pyo - Hot water dip at 60-70°C for 10 seconds
P,; - Hot water dip at 50-60°C for 5 seconds
P, - Hot water dip at 50-60°C for 10 seconds

3.2.3.2 Holding solutions

H, - Control (distilled water)

H; - Triadimephon 10 pﬁm

H; - Triadimephon 20 ppm

Hj; - Benzyl Adenine 10 pi)m

H, - Benzyl Adenine 20 ppm

Hs - HQ 200 ppm + Sucrose 5%

Hg - HQ 400 ppm + Sucrose 5%

H; - Silver nitrate 25 ppm + Sucrose 5%

Hs - Silver nitrate 50 ppm + Sucrose 5%

Hs - AgNO; 25 ppm + HQ 200 ppm + Sucrose 5%
Hio - AgNO; 50 ppm + HQ 200 ppm + Sucrose 5%
Hi; - AgNO; 25 ppm + HQ 400 ppm + Sucrose 5%
Hi; - AgNO; 50 ppm + HQ 400 ppm + Sucrose 5%

25



All the combmations of pulsing and holding treatments were tried. The
spikes were kept in the prepared solution. Each treatment was tried on two spikes

which was replicated twice. Every alternate day, a fresh cut of about 0.5 cm was given

to the base of the stalk to remove dead tissues so as to facilitate easy absorption of

chemicals and free respiration. The pulsing or holding solution was taken in a bottle

containing 200 ml of the solution.

3.3 Observations

The following observations were made from six plants in each treatment

combination and average values were recorded.

33.1 Plant characters

Observations on the following characters of the plants under each treatment

were recorded.

33.1.1  Plant height

The height of the plant was measured from the base of the tallest shoot to

the last node at monthly intervals and expressed in cm.

33.1.2 Side shoots

Number of side shoots per plant was counted and recorded.
33.13  Shoot girth

Girth of the biggest shoot was measured and expres‘sed mn cm.

33.1.3  Number of leaves

The total number of leaves was counted and recorded at monthly intervals.
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33.1.4 Length, breadth and area of the leaf

[A

 The length and breadth of each leaf was recorded and the area of leaf was

- computed using the formula,
a=2.78 + 0.688 1b (where ‘a’ is the leaf area in cm®, ‘1’ is the length of the

Jeaf in cm and ‘b’ is the maximum width of the leaf in cm.) (unpublished)

33.1.5 Total leaf area

The total leaf area was estimated from individual leaf area obtained at

regular intervals over the given period of the experiment.

3.3.1.7 Root characters

Number of roots and length of roots (cm) were recorded from the samples

taken from each treatment.

. 3.3.1.8  Biomass production

Plant samples taken from each treatmeﬁt was dried in a hot air oven at 70°C

for 2-3 days until constant weight 1s obtained and the weight was expressed n g.

i

3.3.1.9  Time taken for spike emergence
The time taken for the emergence of first spike in every treatment was
recorded in days. '
3.3.1.10 Number of spikes
Number of spikes produced on each plant was noted and number of spikes

per plant per year in each treatment was estimated.

33.1.11 Number of florets per spike

iy

Number of florets per spike in each treatment was recorded and mean

values were worked out.



33.1.12 Length of spike, stalk and rachis

Total length of spike, length of flower stalk and length of rachis were

recorded separately and expressed.as cm.

3.3.1.13 Internodal length

Length bet/ween florets was recorded as internodal length and expressed
In cm.
3.3.1.14 Spike production per year

Number of spikes produced per plant per year was calculated from the data
obtained during the experimental period. '
3.3.1.14 Interval of spike production

Interval between emergence of consecutive spikes was recorded in days.

[4

3.3.1.15 Size of floret .
Size of individual floret was recorded as length (vertically) and width |

(across) of the flower and expressed in cm.

3.3.1.16 Fresh weight of the spike

Initial weight of the spike was taken immediately after harvest and recorded

mg.

33.1.17 - Physiological loss in weight (PLW)

Initial and final weights of inflorescence were noted at the beginning and
end of the experiment, respectively, and by working out the difference PLW was

arrived at and expressed in g.



3.3.1.18 Days to wilt of first floret

Time taken from the harvest of the spike to wilting of first floret was

recorded and expressed in days. .
3.3.1.20 Electrical conductivity of the vase solution fEC)

EC of the vase solution was recorded initially and after the experiment using
conductivity bridge and expressed as mSg” (milli siemens per gram).
3.3.1.21 Water uptake

The quantity of vase solution remaining at the end of the experiment was
recorded and by finding the difference between the initial and final volumes of the vase
solution, total uptake was worked out and expressed in ml.

3.3.1.22 Longevity of individual floret

Life of each floret in the spike in vase was recorded in days and average

value worked out.
3.4 Uptake studies
34.1 Nutrient conceniration

The dried plant samples were ground and chemically analysed for

' macronutrients and micronutrients as detailed below.

One gram of dried plant sample was digested using concentrated sulphuric
acid and analysed for estimating nitrogen following the Microkjeldahl method
(Jackson, 1958). ) |

Diacid extracts were prepared by digesting 0.5 g of the sample with 15 ml
of 2:1 concentrated nitric acid - perchloric acid mixture (Johnson and Ulrich, 1959)
and was made up to 100 ml. Aliquots from this solution were taken for anaiysis of P
and K.



Phosphorus was determined colorimetrically by the

Vanadomolybdophosphoric yellow colour method (Jackson, 1958). The yellow colour

30

was read in a Spectronic-20 at a wavelength of 470 nm. Potassium was estimated

using a flame photometer (EEL). Micronutrients (Ca, Mg, Cu, Fe, Zn, Mn) were
estimated by Atomic Absorption Spectrophotometer (Jackson, 1958).

342 Nutrient uptake

€

Nutrient uptake was computed from the values of concentration of the
putrients and dry weight of the parts sampled.

3.5 Statistical Analysis

The recorded data were statistically aralysed following the methods
suggested by Panse and Sukhatme (1985).

3.6 Cost of cﬁltivation

Cost of cultivation of the best treatment combination was worked out based
on the resuits obtained.






4. RESULTS

Results of the experiments conducted on ‘Regulation of growth and
flowering in dendrobium var. Sonia 17’ are presented in this chapter.

4.1 Reducing pre-blooming period

Data generated from the pot culture experiments to study the growth and

nutrient uptake of dendrobium plants as influenced by nutrients (concentration and
frequency of application) and growth regulators for 12 months are presented under
two main heads, viz., growth parameters and nutrient uptake.

[4

4.1.1 Growth parameters
4.1.1.1  Plant height

The data pertaining to the effect of different treatments individually and in
combinations are presented in Tables 1 to 5 and in Plates 1 to 4.

4.1.1.1.1 Main effect of nutrients, frequency of application and growth regulators -
(Table 1)

Among the nutrient concentrations, NPK 20:10:10 at 0.2 per cent was
significantly superior with respect to plant height (1.77 cm) two months after
planting. This was on par with the nutrient concentration of 30:10:10 NPK at 0.2
per cc;lt, which produced a height of 1.73 cm. Minimum height of 1.15 cm was

shown by plants receiving NPK 10:10:10 at 0.2 per cent which was on par with the

same level of NPK at 0.1 per cent. After four months of planting, NPK 30:10:10 at
0.2 per cent was found to be significantly superior (2.97 cm) to all other treatments.
The same trend followed there after, except at sixth month, when NPK 20:10:10 at
0.2 per cent was on par with the superior treatment. During six to twelve MAP,
~ NPK 30:10:10 at 0.2 per cent produced the tallest plants (height of 4.76 cm,

=



Table 1. Plant height (cm) in dendrobium var. Sonia 17 as influenced by nutrients
(concentration and frequency of application) and growth regulators

Treatments Plant height (cm)
2 MAP | 4 MAP | 6 MAP | 8 MAP | 10 MAP | 12 MAP
Nutrients o
NPK 10:10:10- 0.1% 1.18 193| 28] 352 5.40 5.62
NPK 10:10:10 - 0.2% 1.15] 200| 3412 427 6.37 6.64
NPK 20:10:10 - 0.1% 149 270 402| 524 7.41 7.82
NPK 20:10:10 - 0.2% 177 272 447 6.28 8.46 8.86
NPK 30:10:10 - 0.1% 143 | 247) 380 531 7.80 8.51
NPK 30:10:10 - 0.2% 173 297| 476 693| 1009 1104
CD (0.05) . 0.188 | 0.217| 0303 | 0407| 1.071| 0434
SEmz 0.068 | 0078| 0109| 0.146| 0.382] 0.156
Frequency
Weekly twice 1750 316| 461 617 779 898
Weekly once . 1.16 177 306| 484 6.38 7.19
CD (0.05) 0108 ] 0125] 0327] 0236| 0613 0.25
SEm+ 0039 0045) 0118 085| 0.221 0.09
Growth regulators _
Coutrol 121 1921 3.03| 416 5.55 6.28
BA 100 ppm 147 226 344 4385 6.33 7.37
‘| BA 200 ppm 149 257] 373} 503 6.60 7.66
GA; 10 ppm 159 303 470| 654 872 1052
GA; 20 ppm 192 335( 3529 714 986 1181
| IAA 250 ppm | 131 214| 350 477 6.08 6.84
-| TAA 500 ppm 1.21 200 313 430 5.46 6.10
- { CD(0.05) 0203] 0235] 0327] 0440 1.147| 0468
| SEm+ 0.073| 0084| 0.118| 0158| 0413] 0.168

MAP - Months after planting
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6.93 cm, 10.09 cm and 11.04 cm, respectively). The lowest nutrient level of NPK
10:10:10 at 0.1 per cent produced significantly lowest height of 3.52 cm and
5.62 cm at eight and twelve months after planting, respectively.

When the frequency of application was considered, nutrients applied
weekly twice was found to be distinctly superior during the entire period (1.75 cm,
3.16 cm, 4.61 cm, 6.17 cm, 7.79 cm and 8.98 cm at 2, 4, 6, 8, 10 and 12 months -
after planting, respectively).

Among the growth regulators, GA; 20 ppm produced the tallest plants
throughout the experimental period (1.92 c¢m, 3.35 c¢m, 5.29 cm, 7.14 cm, 9.87 cm
and 11.81 cm at 2, 4, 6, 8, 10 and 12 months after planting, respectively).

4.1.1.1.2 Interaction effects

Interaction was evident between nutrients and frequency of appﬁcaﬁon
(Table 2). Nutrient level of NPK 20:10:10 at 0.1 per cent, applied weekly once was
on par with that of NPK 20:10:10 at 0.2 per cent a};plied at the same frequency. For
weekly twice application NPK 30:10:10 at 0.2 per cent produced significantly taller
plants compared to all other treatments at two months after planting (2.41 cm).

During 6, 8, 10 and 12 months after planting, NPK 30:10:10 at 0.2 per
cent applied weekly twice recorded highest values for height (6.05 ¢cm, 8.76 cm,
11.66.cm and 14.27 cm, respectively). This was closely followed by 20:10:10 NPK
0.2 per cent applied twice weekly (5.56 cm, 7.57 cm, 9.18 cm and 10.09 cm,
respectively). Nutrient level of 30:10:10 NPK at 0.1 per cent applied twice weekly
- was on par with the above during 10 months (7.86 cm) and 12 months (9.35 cm)-
after planting. The lowest values for height were for 10:10:10 NPK 0.2 per cent up
to six months (0.90 cm, 1.31 cm and 2.54 cm, respectively) and 10:10:10 at 0.1 per
cent from eight months to 12 months after planting’(3.29 c¢m, 5.12 cm and 5.80 cm,
- Tespectively). In general, the lower concentration of nutrients (0.1%) at higher
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frequencies (weekly twice) recorded greater values compared to higher

concentration (0.2%) of nutrients at lower frequencies (weekly once).

Interaction was evident between nutrients and growth regulators
(Table 3). Highest value recorded‘ for height was 2.53 cm in the case of NPK
30:10:10 at 0.2 per cent with GA; 20 ppm at two MAP. The treatments GA;
20 ppm with NPK 20:10:10 at 0.2 per cent and NPK 30:10:10 at 0.1 per cent were
found to be on par with the above (plant height of 2.41 c¢cm and 2.42 cm,
respectively). The lowest height recorded was 0.98 cm for NPK 10:10:10 at 0.2 per
cent with BA 200 ppm. The combination of GA; 20 ppm with 30:10:10 NPK at
0.2 per cent was found to be significantly higher from four to 12 MAP (4.38 cm,
7.30 cm, 10.16 cm, 14.47 cm and 17.88 cm, respectively from four to 12 MAP).
This was closely followed by combination of GA; 10 ppm and NPK 30:10:10 at 0.2
per cent during eight months (8.52 cm), 10 months (11.56 cm) and 12 months
© (15.03 cm) after planting, A combination of NPK 20:10:10 at 0.2 per cent and GA,
20 ppm recorded values which were on par with the above during 8, 10 and 12
months after planting (8.45 cm, 11.24 cm and 12.81 cm, respectively). Significantly
inferior values were recorded for NPK 10:10:10 at 0.1 per cent with no growth
regulator during six to 12 MAP (2.24 cm, 2.58 cm, 3.24 cm, 4.23 cm, respectively).
Interaction was also evident in the case of IAA 500 ppm and higher levels of
nutrient concentration. Combination of 20:10:10 NPK at 0.1 and 0.2 per cent and
30:10:10 NPK at both the levels with IAA 500 ppm recorded values of height that
were lesser than those in nutrient application alone'. (5.95cm, 5.51cm, 6.76cm and
7.71 cm, respectively, at 12 MAP). In general, the effect of GA3 20 ppm improved
with an increase in the nutrient level, recording the highest value for height with

NPK 30:10:10 at 0.2 per cent.

Interaction was evident between frequency of nutrient application and
growth regulators during the entire period of observation (Table 4). Plant height was
found to be significantly increased in the case of combination of GA; 20 ppm and
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Table 3. Plant height (cm) in dendrobium var. Sonia 17 as influenced by

combinations of nutrient concentration and growth regulators

Treatments Plant height (cm) -
- [ T2MAP | 4MAP | 6MAP | SMAP | I0MAP | I12MAP
NiGo 113 182 224 258 3.24 423
NiGy 1.03 1.59 237 3.15 4.90 5.12°
| NiG, 112 1.56 241 3.18 412 498
NiGs 1.01 2.48 3.41 427 5.33 6.65
N, G4 1.41 2.48 3.93 4.80 6.51 7.63
NiGs 1.43 1.77 2.51 3.09 4.13 5.30
NiGe 111 1.80 2.86 354 | 481 5.43
NaGo 1.04 1.53 228 3.15 4.28 476
NaG, 1.06 1.95 2.89 4.03 5.22 5.79
N:G; 0.98 2.25 3.33 438 6.03 7.18
N2Gs 1.03 233 3.89 535 7.07 8.63
N2G4 143 2.64 4.19 5.61 7.78 9.29
N:Gs 1.38 1.84 2.83 3.66 5.01 5.61
N3G 1.10 1.48 245 | 3713 4.81 523
N3Go 1.15 1.98 290 433 5.54 6.07
NiG; - 1.63 2.53 3.77 477 6.25 7.00
N;G; 1.71 3.03 3.96 4.96 6.25 7.16
NiGs 1.59 3.17 481 6.10 8.75 10.26
NiGs 1.51 3.54 5.62 6.95 10.02 1137
N3Gs 149 2.54 3.94 5.38 6.66 6.96
N3G 135 2.11 3.16 422 525 | 5.95
NiGo 1.29 222 3.67 4.88 6.43 6.93
NG, 1.98 276 4.64 678 8.58 9.39
NiG; 1.69 2.64 463 6.09 7.8 8.46
N4Gs 2.05 021 5.64 8.43 10.88 11.86

Contd. \



Table 3. Continued

J7

Gs - IAA 500 ppm

Treatments Plant height (cm)
2 MAP 4 MAP 6 MAP 8 MAP 10 MAP | 12 MAP
N.G4 2.41 3.68 5.93 8.45 11.24 12.81
N4Gs 1.52 2.38 3.69 512 6.53 7.08
N.Gs 1.36 2.17 3.08 4.19 497 5.51
NsGo 1.03 1.79 3.21 436 5.90 6.92
| NsGy 1.34 2.14 3.31 497 6.77 8.01
NsG2 1.28 2.74 3.72 4.95 6.86 8.23
NG 1.98 3.29 4.65 6.60 8.71 10.71
NsGy 2.42 3.36 4.78 6.88 9.18 11.91
NsGs 0.94 1.76 3.58 4.67 586 7.03
NsGs 1.34 2.28 3.33 4.7 6.04 6.76
NesGo 1:63 2.18 3.90 5.64 7.89 8.75
NeGi 1.76 254 3.69 5.43 7.26 8.92
NeG2 2.17 3.19 432 6.62 8.50 993
NeGs 1.86 3.74 5.80 8.52 11.56 15.00
NeGs4 2.53 438 730 10.16 14.47 17.88
NeGs 1.12 2.57 4.44 6.72 8.28 9.09
NeGs 1.01 2.16 3.89 5.40 6.88 7.71
CD (0.05) 0.498 0.575 0.801 2.241 2.810 1.14
SEm+ 0.179 0.207 0.288 0.797 1.01 0.413
N, -NPK 10:10:10-0.1% Gy - Control
N,-NPK 10:10:10-0.2% G, - BA 100 ppm
N; - NPK 20:10:10-0.1%  G,- BA 200 ppm
N;-NPK 20:10:10-0.2%  G; - GA; 10 ppm
Ns - NPK 30:10:10-0.1%  Gs - GA; 20 ppm
Ne - NPK 30:10:10 - 0.2%  Gs - IAA 250 ppm -
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weekly twice frequency of application of nutrients twice a week from 2 months to
12 months (2.38cm, 4.56 cm, 6.53 cm, 8.67 cm, 11.46 ‘em and 13.63 cm,
respectively). Height was minimum for combination of control of growth regulator
and weekly once application of nutrients in the early months (0.94 cm, 17.53 cm,
respectively at 2 and 4 MAP). Later on IAA 500 ppm and weekly once nutrient
application recorded the lowest values (2.48 cm, 3.46 cm, 4.64 cm and 5.42 cm,
respectively during 6, 8, 10 and 12 MAP). These values were inferior to the
combination with no growth regulator (2.66 cm, 3.74 cm, 5.33 cm and 6.23 cm,
respectively, during the above stages).

Interaction of nutrients, growth regulators and frequency of application
was significant during all the stages of plant growth (Table 5). However, in view of
the large volume of data and due to the fact that plants in some of the treatments
started flowering during tenth MAP the data pertaining to 10 MAP alone are given. |
Plant} height of 19.50 cm was recorded during 10 MAP for a combination of NPK
30:10:10 at 0.2 per cent applied twice a week + GA; 20 ppm, which was
significantly superior to all other treatment combinations. This was followed by
30:10:10 NPK 0.2 per cent applied twice a week -+ GA; 10 ppm (15.00 cm).
Application of 20:10:10 NPK at 0.2 per cent twice a week along with both GA; 20
ppm and GA; 10 ppm gave values for height on par with the above (14.03 cm and
12.12 cm, respectively). The lowest values for height were recorded in the
combination of NPK 10:10:10 at 0.1 per cent applied weekly once with no growﬂi
regulator, during initial months of growth (3.30 ¢m, 3.18 ¢m, 4.47 cm and 4.08 cm,
respectively). Interaction between IAA 500 ppm and weekly once and twice
application of nutrients was evident for NPK 20:10:10 at 0.2 per cent, NPK
30:10:10 at 0.1 per cent and NPK 30:10:10 at 0.2 per cent (4.88 cm, 6.05 cm,

5.28 cm, 6.80 cm, 4.63 and 9.13 cm, respectively). This was found to be even
*inferior to combination having growth regulator control (6.07 cm, 6.78 cm, 5.82 cm,
5.98 cm, 6.55 cm and 9.23 cm, respectively).
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Plate 1. General view of the plot of Experiment I






Plate 2. Effect of lower concentrations of nutrient levels applied weekly once on
the growth of plants






Plate 3. Effect of higher concentration of nutrient levels on growth of plants

‘@ Nutrients applied weekly once
8) Nutrients applied weekly twice






Plate 4. Effect of highest level of nutrients + GA; 20 ppm on the height of the
plants

a) Compared with nutrients alone at the lowest level
b) Compared with nutrients alone at the highest level






4.1.1.2  Shoot production

Data relating to shoot number as influenced by different treatments

individually and in combinations are presented in Tables 6 to 10.

4.1.1.2.1 Main effect of nutrients, frequency of application and growth regulators
(Table 6)

Nutrient concentration had no significant influence on the number of
shoots dunng initial months of growth. After a period of four months from pla.ntmg
highest number of shoots (2.55) was recorded in the case of NPK 20:10: 10 at 0.2
- per cent. All the treatments, except NPK 10:10:10 at 0.1 per cent, were on par with
this. At eight MAP, NPK 30:10:10 at 0.2 Iper cent produced highest number of
shoots (3.91). Values for NPK 20:10:10 at 0.2 per cent and NPK 30:10:10 at 0.1 per
cent were on par with the above (3.87 and 3.74, respectively). Number of shoots
recorded was significantly higher (4.80 and 5.30, respectively) for NPK 30:10:10 at
0.2- per cent during 10 and 12 months after plahti‘ng. ‘The lowest number of shoots
was recorded in the éase of NPK 10:10:10 at 0.1 per cent, which was significantly
inferior to all other treatments (2.26, 2.75, 3.23, 3.74 and 4.20 shoots from 4 to 12
MAP, respectively).

Among the two frequencies of application the superiority of apphcatlon at

weekly twice with regard to the number of shoots was clearly evident from the

A

initial stages to final month of observation. The difference in number of shoots was

significant. Application of nutrients weekly twice produced 2.23, 2.65, 3.41, 4.20,
5.24 and 5.92 shoots at 2, 4, 6, 8, 10 and 12 months, respectively, compared to 1.93,
2.16, 2.58, 3.07, 3.54 and 3.89 shoots in the respective months when the nutrients

were applied once a week.

Growth regulators produced no marked differences with regard to the
number of shoots during early period of study. At four MAP, GA; 10 ppm produced
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Table 6. Shoot production in dendrobium var. Sonia 17 as influenced by nutrients
(concentration and frequency of application) and growth regulators

Treatments Number of shoots
2 MAP | 4 MAP | 6 MAP | 8 MAP | 10 MAP | 12 MAP
Nutrients
NPK 10:10:10 - 0.1% 204 226| 275| 323 374 4.20
NPK 10:10:10 - 0.2% 206 239| 293| 352 425 474
NPK 20:20:10 - 0.1% 216| 241 306| 354 4.50 4.69
NPK 20:20:10 - 0.2% 210] 255 313 387 455 425
NPK 30:10:10 - 0.1% 195| 237| 293] 374 4.41 4.96
NPK 30:10:10 - 0.2% 208 245 318] 391 4.80 5.30
CD (0.05) 0225| 019| 0.19] 021 0.24 0.27
| SEmt 0081 007| 007 007 0.09 0.10
Frequency _
Weekly twice 223| 265 341| 420 5.24 592
Weekly once 193| 216 258| 3.07 3.54 3.89
CD (0.05) 0.126 | 0.105] 0.105] 0116| 0.133] 0.151
SEm: 0.047 | 0.039| 0039| 0043 0049| 0056
Growth regulators »
Control 218 | 242| 297| 336 3.88 436
BA 100 ppm 208{ 238 307| 39 483 5.92
BA 200 ppm 206| 240| 326| 458 6.06 7.39
GA; 10 ppm 208| 257| 301 343 3.93 428
GA; 20 ppm 200 238 285| 335 3.90 4.06
IAA 250 ppm 210 233 292 342 4.18 4.24
IAA 500 ppm 196| 236| 289 339 3.94 4.11
CD(0.05) 024] 020] 020] 022 026 029
SEm: 009] 007 007] 008 0.09 0.10




Growth regulators
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2.57 shoots, which was significantly superior to IAA 250 ppm treated plants, (2.33
shoots) and IAA 500 ppm treated plants (2.36 shoots). At six months stage BA 200
ppm produced the maximum number of shoots (3.26), which was on par with BA
100 ppm (3.07 shoots). Later, BA 200 ppm excelled all other growth regulators
with respect to number of shoots (4.58, 6.06 and 7.39 shoots during 8, 10 and 12
MAP, respectively). Minimum number of shoots was produced by the treatment
having no growth regulators (3.36 and 3.88 shoots, respectively during eight and 10
months after planting). | | '

GA; application, both ét 10 ppm and 20 ppm, showed reduction in shoot
production. The number of shoots produced in the case of GA3; was even lesser than
that in the control during the later period of the experiment (4.28 and 4.06,

respectively, for GA; 10 ppm and 20 ppm and 4.36 in the case of control).

4.1.1.2.2 Interaction effects

Interaction of nutrients and frequency 'of application was not evident in
number of shoots during initial stages of the 'ekperiment (Table 7). At four MAP,
NPK 10:10:10 at 0.2 per cent, applied weekly twice, gave highest number of shoots
(2.79). Treatments NPK 20:10:10 at 0.2 per cent (2.71 shoots), NPK 20:10:10 at 0.1
per cent (2.67 shoots), NPK 30:10:10 at 0.2 per cent (2.60 shoots) and NPK
30:10:10 at 0.1 per cent (2.50 shoots) were found to be on par. Interaction of
nutrient concentration with weekly twice application was significant compared to

"combination of nutrients and weekly once application. From six to 10 MAP,
treatment NPK 20:10:10 at 0.1 per cent was found to produce maximum number of
shoots when “applied at weckly twice interval (3.60, 4.50 and 5.79 shoots,
respectively) whereas NPK 20:10:10 at 0.2 pef cent gave significantly more number
of shoots when applied once a week at 4, 8 and 12 MAP (2.38, 3.43 and 4.62,
respectively). At 12 MAP NPK 30:10:10 at 0.2 per cent applied weekly twice
produced the highest number shoots (6.34). Least number of shoots was observed in
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the case of NPK 10:10:10 at 0.1 per cent sprayed weekly once (1.79, 1.91, 2.31,
2.74, 3.00 and 3.19 shoots, respectively from two 12°'MAP). It was observed that the
lower concenu'atioh of nutrients at higher frequencies (weekly twice) recorded more
number of shoots compared to higher concentration of nutrients applied at lower

frequencies (weekly once).

Number of shoots showed noticeable differences in accordance with the
reatment combinations of nutrients and growth regulators (Table 8). Plants treatod
with BA 200 ppm and NPK 20:10:10 at 0.1 per cent produced 2.58 shoots at two
MAP. At four MAP, maximum number of shoots was observed in plants treated
with NPK 30:10:10 at 0.1 per cent and GA; 10 ppm (3 shoots). Shoot production up
to 3.67 was recorded at six MAP when treated with BA 200 ppm and NPK
30:10:10 at 0.2 per cent. Similar trend was recorded at eight, ten and twelve MAP
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with values 5.25, 6.85 and 8.25, respectively. NPK 20:10:10 at 0.1 and 0.2 per cent

and NPK 30:10:10 at 0.1 per cent along with BA 200 ppm recorded values on par
with above at 10 and 12 MAP (6.}67, 6.25, 6.58, 7.58, 7.83 and 7.83 shoots,
‘respectively). In general the effect of the best growth regulator (BA 200 ppm)
improved with an increase in the nutrient level, recording the highest values with
NPK 30:10:10 at 0.2 per cent (Plate 5 a and b). |

Combination of growth regulators and frequency of application of
nutrients had significant influence on the number of shoots produced (Table 9).
Effect of growth regulators was not evident during initial stages. At two and four
MAP, control for growth regulator and weekly twicer application of nutrients gave
2.53 and 2.78 shoots, respectively, which was significantly superior. From six MAP
onwards maximum number of shoots was recorded as 3.64, 5.22, 7.11 and 9.03,
respectively in plants treated with BA 200 ppm and given nutrients at weekly twice
ﬁ‘equéncy.
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Table 8. Shoot production in dendrobium var. Sonia 17 as influenced by
combinations of nutrient concentration and growth regulators

Treatments Number of shoots

- 2MAP | 4MAP | 6MAP | SMAP | 10MAP | 12 MAP
NiGoe | 2.08 225 2.75 292 73.08 3.58
NG 2.08 2.42 2.67 3.33 3.92 4.50
NiG2 208 | 242 3.08 3.53 4.83 6.08
'NiGs 1.92 2.50 2.83 3.33 3.58 4.08
NiGs 2.17 2.25 2.75 3.08 3.58 3.58
NiGs 2.25 2.00 2.67 3.08 3.83. 4.00
NiGs 1.67 2.00 250 | 3.00 3.33 3.58
NiGo 2.08 2.42 2.83 325 3.83 4.08
NaGy 2.08 2.00 2.75 3.58 4.50 5.42
N2Ga 233 2.50 3.00 4.00 5.17 675
NaGs 223 2.83 3.00 3.50 3.67 417
N2Gi 2.17 2.17 2.67 5.42 4.17 4.17
N2Gs 2.00 2.50 333 | 3.68 4.33 4.50
N3G 1.92 233 2.92 3.33 4.08 4.08
NiGo | 260 2.50 3.00 3.42 383 | 433
NsG, 2.60 250 |- 3.00 4.08 5.08 5.75
N3G, 2.58 2.42 3.50 5.00 6.67 7.58
N3G 1.75 2.33 2.92 3.08 3.83 4.00
N3Gy 1.92 2.17 2.75 342 | 408 433
N3Gs 2.00 2.17 2.83 3.25 417 417
N3Gs 233 275 3.42 3.92 4.50 475
N.Go 2.08 2.50 3.25 392 | 442 5.00
NG, 2.00 2.67 3.50 425 492 6.75
N.G, 2.25 2.42 3.17 ‘ 4.67 6.25 7.83
N.G;s 2.25 2.58 292 ©3.67 4.17 4.67

Contd.



Table 8. Continued

N3 - NPK 20:10:10- 0.1%
N, - NPK 20:10:10 - 0.2%
Ns - NPK 30:10:10 - 0.1%
Ng - NPK 30:10:10 - 0.2%

G- BA 200 ppm
Gs - GA; 10 ppm
G4 - GA3 20 pPpm
Gs - IAA 250 ppm
Gs - IAA 500 ppm

Treatments Number of shoots

2MAP | 4MAP | 6MAP | 8MAP | 10MAP | 12 MAP
N4Gs 2.25 2.58 3.08 3.50 4.00 4.17
N4Gs 2.33 2.67 3.08 3.83 433 4.42
NG 2.17 2.42 2.92 3.25 3.75 3.92
NsGq 2.08 233 2.75 292 3.58 433
NsGi 200 2.42 3.08 3.83 5.00 6.08
NsG; 1.75 2.08 3.46 L 4.75 6.58 783
N;sGs 233 3.00 3.20 3.75 433 4.50
NsGs 1.58 2.25 2.75 3.00 3.50 3.83
NsGs 2.08 2.25 2.58 3.25 4.08 14.00
N3G 1.83 2.25 267 325 375 417
NeGo 12.00 2.33 3.25° 3.7 4.50 483
NeGi 2.08 2.42 3.42 433 5.58 7.00
NeG: 2,50 2.58 3.67 5.25 6.85 8.25
NeGs 192 2.17 2.92 3.25 4.00 425
NeGa 2.33 2.83 3.08 3.67 4.08 4.25
NGs 1.92 2.42 3.00 3.50 433 4.33
NeGs 1.83 2.42 2.92 3.58 4.25 4.17
CD(0.05) 0.60 0.50 0.49 0.55 0.63 0.71
SEm 0.21 0.18 . 0.13 0.20 0.23 0.26
N; -NPK 10:10:10-0.1% Gy - Control .
N2 -NPK 10:10:10-0.2% G; - BA 100 ppm
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Plate 5. Effect of highest level of nutrients + BA 200 ppm on shoot production

a) Compared with nutrients alone at the lowest level
b) Compared with nutrients alone at the highest level






Maximum shoot production was observed in plants treated with NPK
30:10:10 at 0.2 per cent, applied weekly twice + BA 200 ppm and NPK 30:10:10 at
0.1 per cent applied weekly twice + BA 200 ppm, recording shoot number of 7.67
at 10 months after planting. This was significantly superior to all other treatment
’comb'mations (Table 10). Minimum number of shoots (2.50) was observed in plants
receiving NPK 10:10:10 at 0.1 per cent, applied weekly once + growth regulator
control. At higher nutrient doses, combination with GA; 20 ppm and IAA 500 ppm
broduced lesser shoots, compared to the combination with growth regulator control.

4.1.1.3  Shoot girth

Data pertaining to shoot girth, as influenced by various treatments and

their combinations are presented in Tables 11 to 15.

4.1.1.3.1 Main effect of nutrients, frequency of application and growth regulators
(Table 11) ‘

Shoot girth was found to be markedly infiucnced by nutrient application.
At two MAP maximum girth of shoot recorded was 2.03 cm, when NPK 30:10:10
at 0.2 per cent was applied. The treatments on par were NPK 30:10:10 at 0.1 per
cent (1.98 cm) and NPK 20:1.0:10 at 0.2 per cent (1.94 cm). Later, at four MAP,
NPK 30:10:10 at 0.2 per cent distinctly improved 'flle girth of shoots to 2.78 cm.
Significant increase in shoot girth due to application of NPK 30:10:10 at 0.2 per
cent was observed throughout the study. Shoot thickness of 3.43 cm, 3.85 cm,
4.47 cm and 4.85 cm, which were significantly superior, was observed at 6, 8, 10
and 12 MAP, respectively. ‘Nl\m'ie‘nt dose NPK 20:10:10 at 0.2 per cent closely
followed this tréatment, producing shoots having thickness of 2.58 cm, 3.27 cm,
3.62 cm, 4.36 cm and 4.60 cm, respectively, from four to 12 MAP. Least thickness
for Shoots was recorded in the case of NPK 10:10:10 at 0.1 per cent, which was
significantly inferior to the next best treatment, viz., 10:10:10 NPK at 0.2 per cent
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Table 11. Shoot girth (cm) in dendrobium var. Sonia 17 as influenced by nutrient
(concentration and frequency of application) and growth regulators

[Treatments Shoot girth (cm)
' 2MAP [ 4 MAP | 6 MAP | 8 MAP | 10 MAP | 12 MAP

Nutrients

NPK 10:10:10 - 0.1% 1.73| 200| 238 264 3.06 3.31
NPK 10:10:10 - 0.2% 1761 226| 276| 307 3.88 422
NPK 20:20:10 - 0.1% 184 | 243| 292| 332 4.13 439
NPK 20:20:10 - 0.2% 1941 2581 327! 362 4.36 4.60
NPK 30:10:10 - 0.1% 198 | 258 3.02| 3,42 4.02 4.53
NPK 30:10:10 - 0.2% 203| 278| 343] 385 4.47 4.85
CD (0.05) 010] 009 015 0.15 0.03 0.15
SEm - 0.03| 003 005 0.05 0.03 0.05
Frequency '
Weekly twice 1.91 253 | 308! 349 432 4.74
Weekly once 185 238 285 316  3.66 3.90
CD (0.05) 0.055| 0052| 0085| 0085| 0043] 0087
SEm+ 0.020| 0.019| 0030] 0030 0016/ 0.031
Growth regulators

Cantrol 179 226| 269| 3.04 3.62 4.01
BA 100 ppm 1.89| 253| 307| 349 4.12 4.57
BA 200 ppm 197 261| 3.19| 357 439 | . 4.68
GA; 10 ppm 188 | 237 293 3.19 3.75 3.91
GA; 20 ppm : 170 | 2.1 2.53 2.90 3.43 3.75
IAA 250 ppm 193] 263 3.1 3.46 4.26 4.65
1AA 500 ppm 204 269 321 359 432 4.65
CD(0.05) 010 o©I0| o0J6] 016 0.08 0.16
SEm+ 004 003] 006] 006 0.03 0.06
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(2.00 cm, 2.38 cm, 2.64 cm, 3.06 cm and 3.31 cm, respectively, from four to 12
MAP). ' '

Appreciable difference in shoot girth was recorded with difference in
frequency of application of nutrients in all the obéervations. Nutrients applied
weekly twice produced shoots having more girth, viz., 1.91 cm, 2.53 cm, 3.08 cm,
3.49 cm, 4.32 c¢m and 4.74 cm during two to 12 MAP, respectively, las compared to
1.85 cm, 2.38 cm, 2.85 c¢m, 3.16 cm, 3.66 cm and 3.90 cm, which were given

nutrients weekly once.

Distinguishable difference in shoot girth was recorded with the
application of growﬂl regulators. During early stages, the difference in girth was not
significant for a single treatment. Maximum thickness of 2.04 cm was produced by
IAA 500 ppm, which was significantly superior to the least value of 1.70 cm
recorded in the case of GA; 20 ppm at two MAP. A shoot thickness of 1.97 cm was
produced by BA 200 ppm, which was on par with IAA 500 ppm. Similar
observations were recorded four months after planting also. At six and eight months
of planting IAA 500 ppm gave maximum thickness (3;2'1 cm and 3.59 cm,
respectively). Values on par with this were recordéd by BA 200 ppm and 100 ppm
as well as IAA 250 ppm. Later, at 10 and 12 MAF, BA 200 ppm showed greater
shoot girth (4.39 cm and 4.68 cm, respectively). On par with the above, IAA
500 ppm produced shoots having thickness of 4.32 cm and 4.65 cm, respectively.
Lowest values for shoot girth was recorded in the case of GA; 20 ppm (1.70 ém,
2.11 em, 2.53 cm, 2.90 cm, 3.43 cm and 3.75 cm, respectively as growth advanced)
which was less than values of control for growth regulator.

4.1.1.3.2 Interaction effects

Significant influence of combination of nutrients and frequency of

application was présent from early stages of growth (Table 12). In the case of
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weekly twice application, 30:10:10 NPK at 0.2 per cent gave the highest thickness
of shoot (2.16 cm). The effect was significant as the growth of the plant advanced.
The maximum shoot girth recorded in succeeding months were 2.85 cm, 3.53 cm,
4,05 cm, 4.87 cm and 5.39 cm, respectively, which was corresponding to 30:10:10
NPK at 0.2 per cent, sprayed weekly twice. Application of NPK 20:10:10 at 0.2 per
cent closely followed, giving values of 3.33, 3.73, 4.73 and 5.06 cm for girth during
6, 8, 10 and 12 MAP. In the case of weekly once spray of nutrients also 30:10:10
_ NPK at 0.2 per cent produced significantly highér vé.lues (2.72 cm, 3.34 cm,
3.64 cm, 4.07 cm and 4.31 cm girth, respecti'vely fr(_)m four to 12 MAP).
Application of NPK 20:10:10 at 0.2 per cent produced similar results to that of

5%

30:10:10 NPK at 0.2 per cent in combination with weekly once application .

(3.20 cm, 3.51 cm, 3.99 cm and 4.15 cm girth from six to 12 MAP, respectively). It
was observed that higher frequency of the lower level of nutrients produced more
shoot girth at later stages of growth when compz;red to lower frequency of the
higher concehﬁ‘ation of nutrients.

Nutrients in combination with growth regulators also recorded
distinguishable differences with respect to shoot girth (Table 13). Highest value was
recorded in the case of IAA 250 ppm along with NPK 30:10:10 at 0.2 per cent

(2.25 cm). Higher concentration of IAA in the same combination recorded girth of
2.2] cm on par with the former. In combination with NPK 20:10:10 and NPK _

30:10:10, at both the levels (0.1 and 0.2 per cent) BA 100 ppm and 200 ppm
produced plants with pseudo-bulb thickness on par with the above (1.96 cm,
1.99 cm, 2.06 cm and 2.05 cm for BA 200 ppm and 1.85 cm, 1.99 cm, 1.90 cm and
2.03 cm for BA 200 ppm, respectively). In the combination with NPK 30:10:10 at
0.1 per cent and NPK 20:10:10 at 0.2 per cent, IAA 500 ppm also showed values
for girth on par with IAA 250 ppm (2.19 cm and 2.14 cm, respectively). Similar
trends followed with advance in plant growth. After 12 months of treatment, JAA
250 ppm, in combination with NPK 30:10:10 at 0.2 per cent, produced shoots
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Table 13. Shoot girth (cm) in dendrobium var. Soma 17 as influenced by
combinations of nutrient concentration and growth regulators

[ Treatments Shoot girth (cm)

2MAP | 4MAP | 6MAP | SMAP | I0MAP | 12 MAP
"NiGo 1.61 1.79 2.01 221 2.72 2.87
NiGi 1.83 2.20 2.58 2.99 332 | 353
NiGs 1.83 2.47 2.65 2.85 3.36 3.64
NG | 177 1.95 222 2.46 2.83 3.00
NiGs 156 1.83 2.02 2.19 251 | 265
NiGs 172 2.20 2.59 2.89 337 3.67
NiGs 1.79 2.26 2.61 2.91 3.31 3.77
N2Go 1.52 2.16 2.65 2.99 3.46 3.81
N:Gi 1.77 2.24 2.80 3.16 4.12 451
NG, 1.89 239 | 290 3.20 413 4.55
N:Gs 1.79 2.06 2.43 281 3.49 3.73
N:Gi 1.66 1.99 2.24 2.59 3.19 3.48
N,Gs 1.61 2.42 310 | 314 4.26 4.61
N3G 2.00 2.59 3.22 3.61 4.49 487 -
NsGo 1.82 2.31 2.65 2.90 3.90 4.08
N3G, 1.85 2.52 3.05 3.56 4.28 4.67
NG, 1.96 2.66 3.40 3.88 4.59 5.01
N3Gs 1.86 2.39 283 | 321 4.04 4.05
NG, 165 | 207 2.49 3.80 3.75 3.96
N3Gs 1.83 2.54 2.96 3.39 424 4.54
N3Gq 1.89 2.49 3.04 3.50 4.10 446
NqGo 1.88 2.33 2.94 3.29 415 | 444
N,G, 1.99 2.78 3.56 3.99 4.48 4.80
NG, 1.99 2.74 3.52 3.99 4.82 491
N4G; 1.78 2.46 3.61 3.40 4.10 4.18

Contd.



Table 13. Continued
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Gs - IAA 500 ppm

Treatments Shoot girth (cm)
2MAP | 4 MAP 6 MAP SMAP | I0MAP | 12 MAP
NaGs 1.73 2.18 2.63 316 382 4.26
N4Gs 2.04 2.77 328 3.80 463 483
N4Gs 2.14 2.84 3.33 3.70 456 481
NsGo 1.96 2.40 2.76 3.13 3.25 4.20
NsG; 1.90 2.44 2.95 336 4.13 4.81
NsG;, 2.06 2.49 3.12 3.62 4.52 4.73
NsGs 1.94 2.50 2.98 3.37 3.86 3.99
NsGs 2.02 2.42 2.77 3.10 3.53 1398
NsGs 2.15 2.79 3.10 3.41 4.07 497
NsGs 2.19 3.01 3.49 3.99 479 5.04
NeGo 1.94 2.55 3.15 3.74 425 4.68
NeGi 2.03 2.98 3.51 3.88 442 5.10
N¢G; $2.05 2.91 353 3.86 4.92 525
NeGs 1.82 2.84 3.54 3.90 4.21 453
NG 1.58 2.19 3.06 3.54 3.81 4.16
NG 2.25 3.06 3.66 4.15 4.99 528
NeGs 2.21 2.96 3.60 3.86 4.70 497
- | CD(0.05) 0.26 0.24 039 0.39 0.20 0.40
SEm+ 0.09 0.09 0.14 0.14 0.07 0.14
N, - NPK 10:10:10-0.1% G, - Control
N;-NPK 10:10:10-0.2% G, - BA 100 ppm
N; - NPK 20:10:10-0.1% G- BA 200 ppm
Ns-NPK 20:10:10-0.2% G;-GA; 10 pPpm
Ns-NPK 30:10:10 - 0.1% G, - GA; 20 ppm
Ngs - NPK 30:10:10-0.2%  Gs - 1AA 250 ppm



having girth of 5.28 c¢m, which was the highest value recorded. With the same
nutrient concentration, a girth of 5.25 cm prodﬁced by BA 200 ppm closely -
followed the above. This was on par with NPK 30:10:10 at 0.2 per cent in
combination with BA 100 ppm and TAA 500 ppm (girth of 5.10 cm and 4.97 cm,
respectively) and NPK 30:10:10 at 0.1 per cent in cqmbination with IAA 250 ppm
and 500 ppm (girth of 4.97 cm and 5.04 cm, respectively). In combination with
NPK 20:10:10, both at 0.1 and 0.2 per cent, BA 200 ppm produced shoots with
maximum girth of 5.01 and 4.91 cm, respectively, which were on with the above. In
general, the effect of IAA in enhancing the shoot girth was not signiﬁcantly

different with the increase in nutrient concentration.

Interaction was present in the case of growth regulators and frequency of
nutrient application (Table 14). For weekly twice nutrient application, IAA 500 ppm
producing a girth of 5.36 cm was found to be the best combination which was
significantly superior to all other treatment combinations, except that with BA
200 ppm (5.21 cm girth at 12 MAP). But in the case of weekly once application,
IAA 250 ppm recorded the highest value for girth 64.19 cm). Least value for girth
was observed in the growth regulator control in the early months of study (1.79 cm
and 2.22 cm at two and four MAP, respectively). Later, the girth was found to
decrease appreciably in the case of GA; 20 ppm (2.53 cm, 2.77 cm, 3.25 cm and
3.58 cm, respectively, from sixth month onwards).

Interaction was evident in the case of nutrients, grbwth regulators and
frequency of application (Table 15). Plants with thickest pscudo-bulbs (5.80 cm)
was produced by IAA 500 ppm + NPK 30:10:10 at 0.2 per cent, applied weekly
twice, which was significantly superior to all other treatment combinations 10 MAP.
The Lowest value for girth (2.55 c¢m) was recorded in the combination of GA;
20 ppm with NPK 10:10:10 at 0.1 per cent, applied weekly once.
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4.1.1.4 Number of leaves

Data pertaining to the number of leaves as influenced by various

treatments individually and in combination are presented in Tables 16 to 20.

4.1.1.4.1 Main effect of nutrients, frequency of application and growth regulators
(Table 16) -

Number of leaves was found to be influenced by nutrient concentrations.

Maximum number of leaves was observed in the case of NPK 30:10:10 at 0.2 per
cent from two months to final month of observation (4.34, 5.10, 6.42, 7.77, 8.79,
10.3 leaves, respectively). A similar trend was shown by NPK 20:10:10 at 0.2 per
cent during initial months (4.33 and 4.92 leaves, durmg second and fourth month,
respectively). The effect of NPK 30:10:10 at 0.2 per cent was significant later. This
was closely followed by NPK 20:10:10 at 0.2 per cent.(5.61, 6.51, 7.88 and 9.01
leaves, respectively, from 6 months to 12 months after planting), Nutrient doSagc of
NPK 10:10:10 at 0.1 per cent produced the lcast'nut'pber of leaves (4.07, 4.80, 5.55
and 7.75 leaves respectively) which was significantly inferior to all other treatments.

Frequency of application of nutrients markedly influenced leaf production.
Significant increase in the number of leaves was noticed with applications twice a
week (4.27, 5.03, 5.92, 6.99, 8.83, 11.27 leaves, respectively, from two to 12
months after planting), while weekly once application produced 3.63, 3.83, 4.69,
5.43, 5.95 and 6.89 leaves. | |

Noticeable effect of growth regulator treatments on leaf production was
absent during initial months of observation. Detectable differences appeared later in
the case of BA, both at lower and higher levels. Application of BA 200 ppm
resulted in 4.88 and 6.25 leaves during four and six months after planting,
respectively, whereas BA 100 ppm gave 4.94 and-6.17 leaves, respectively, which
were on par. Application of BA 200 ppm significantly enhanced leaf production

(o]



Table 16. Number of leaves in dendrobium var. Sonia 17 as influenced by nutrients

(concentration and frequency of application) and growth regulators

0.170

0.204

Treatments Number of leaves |

o 2 MAP | 4MAP | 6 MAP [ 8 MAP | 10 MAP | 12 MAP
Nutrients

NPK 10:10:10- 0.1% 3.51 359 401 4380 5.55 1.75
NPK 10:10:10 - 0.2% 376 | 408 508 598 738 877
NPK 20:20:10 - 0.1% 399 470] 537] 6.09 7.51 9.07
NPK 20:20:10 - 0.2% 433 49| 5%l 6.51 7.88 9.01
NPK 30:10:10 - 0.1% 387 420] 536| 622 7.24 8.77
NPK 30:10:10 - 0.2% 4341 510 642 177 879 10.30
CD (0.05) 0437 | 0438 0526| 0631 0.688] 0.682
SEm= 0157 0157| 0189) 0227) 0248 0245
Frequency
Weekly twice 427 5.03| 592| 699 8.83 11.27
Weekly once 363 383| 469| 543 5.95 6.89 |
CD (0.05) 0253 | 0253| 0303| 0364 0398] 0.395
SEm 0091 0091 0.109| 0131 0143| 0.142
Growth regulators .
Coutrol 306| 432 494| 564 633| 176
BA 100 ppm 419 49| 617| 115 9.38 12,69
BA 200 ppm 38| 488 625| 781 1057 | 15.40
GA; 10 ppm 390 426| 5.11| 5.6l 613 719
GA; 20 ppm 380 | 385| 449]| 535 5.82 6.26
1AA 250 ppm 380| 444| 503! 6.04 6.63 7.13
IAA 500 ppm 396 433| 517| 589 5.89 7.26
CD(0.05) 0472 0473] 0568 0682 0744| 0.736
| SEm: 0.170 0245| 0268] 0.265

6l



from six months onwards, producing 6.25, 7.81, 10.57 and 15.4 leaves, respectively.
Least number of leaves was produced by GA; 20 ppm, which was lesser than the
treatment with no growth regulator (3.89, 4.49,- 5.35, 5.82 and 6.26 leaves,
respectively, from two months to 12 months). The-same trend followed for lower
doses of GA,;, i.e., 10 ppm, during later stages of investigation.

4.1.1.4.2 Interaction effects

Interaction of nutrients and frequency of a'pplication was significant from
early months of treatment (Table 17). NPK 30:10:10 at 0.2 per cent was found to
produce maximum number of leaves when applied weekly twice; 4.91, 5.83, 7.38,
9.10, 10.83 and 13.07 leaves were observed from two months to 12 months,
respectively, which was significantly superior to all other treatment combinations
from six MAP. This was followed by NPK 20:10:10 at 0.2 per cent, which recorded
4.81 and 5.67 leaves at two and four MAP and was on par with the superior

62

treatment. Weekly once application of NPK 20:10:10 at 0.2 per cent was found to -

produce more number of leaves at two (3.86) and four (4.47) MAP. But from six

months onwards, NPK 30:10:10 at 0.2 per cent was found to be significantly

superior for weekly once application, producing 5.45, 6.30 and 6.74 leaves during
six, eight and 10 MAP, respectively. At 12 MAP maximum leaves (7.52) was
recorded for NPK 30:10:10 at 0.2 per cent. Values on par with this was recorded by
NPK 20:10:10 at 0.2 pér cent also (7.33 leaves). In general, higher frequency of
lower level of nutrients produced more number of leaves compared to lower

frequency of higher concentration of nutrients.

Interaction of nutrients and growth regulators was evident in the study
(Table 18). At two and four MAP maximum number of leaves was recorded in
the case of NPK 30:10:10 at 0.2 per cent, in combination with BA 100 ppm (4.83
and 6.17 leaves, respectively). At two months after planting, GA; 20 ppm was
found to be on par (4.75 leaves) for NPK 30:10:10 at 0.2 per cent. At four MAP,
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‘Table 18. Number of leaves in dendrobium var. Sonia 17 as influenced by .
combinations of nutrient concentration and growth regulators

Treatments Number of leaves
2MAP | 4MAP | 6MAP | 8MAP | I0MAP | 12 MAP

"N;Go 4.00 417 458 4.67 5.33 7.00
NiGi 3.58 4.08 4.83 4.58 5.50 9.00
NiG» 3.58 3.58 4.68 6.17 7.58 14.25
N:iG; 3.42 3.50 3.50 4.25 4.58 6.00
NiGa 3.42 2.92 3.42 450 5.00 5.08
NiGs 3.33 3.83 3.67 4.42 4.67 5.92
NiGs 3.25 3.08 4.42 5.00 6.17 6.92
N2Go 3.67 4.58 475 5.25 6.17 717

| NGy 3.83 417 5.83 6.17 7.75 10.67
N;G, 4.00 4.75 6.67 8.00 11.17 14.92
N:Gs 3.67 0.42 4.75 5.33 6.33 7.58
NyGs 3.25 3.33 4.50 5.75 6.67 6.83

| N:Gs 4.00 3.83 4.58 567 | 683 742

N;Gs 3.92 4.50 4.50 5.67 6.75 6.83
NsGo 4.00 417 4.92 5.17 6.42 717
NG 4.50 5.25 6.08 6.92 10.00 12.83
NiG, 392 | -533 5.83 ‘775 11.17 15.67
NsGs 3.25 5.42 5.42 "5.67 6.08 6.92
NGy 3.92 .4.50 4.92 4.83 5.08 6.08
N;Gs 3.83 4.42 4.83 6.25 6.42 7.00
N3Gs 4.50 4.83 6.08 6.08 7.42 7.83
N(Go 3.92 4.58 4.83 6,00 6.58 8.50
NJG, 433 5.00 6.77 7.08 10.08 14.42
N.G; 425 4.83 5.83 7.00 9.58 15.42
N4G; 4.50 5.33 6.08 6.92 1733 8.08

Contd.




Table 18. Continued

Gs - IAA 500 ppm

Treatments Number of leaves ‘
2 MAP 4 MAP 6 MAP 8 MAP 10 MAP | 12 MAP

N«Gs 4.50 4.08 4.33 5.75 6.50 6.83
N.Gs 433 5.58 6.50 6.50 7.75 7.92
N4Ge 4.50 5.00 5.50 6.33 7.33 7.50
NsGo 4.23 3.83 5.25 5.83 6.00 7.58
NsG) 4.08 5.00 6.75 7.92 10.42 12.92
NsG, 3.50 475 6.58 8.00 11.25 14.83
NsGs 4.00 417 5.00 4.92 5.67 6.67
NsGs 3.50 3.83 433 4.92 5.25 5.92
NsGs 3.83 4.00 4.42 5.50 6.17 6.58
NsGs 3.83 3.83 475 575 5.92 6.92
NeGo 3.83 4.58 5.33 6.92 7.50 9.17
NeGi -4.83 6.17 7.83 10.25 12.50 16.25
NeG2 3.92 6.00 8.50 992 12.67 17.33
NeG;3 458 475 5.92 6.58 6.75 7.33
NeGa 475 4.42 5.42 6.33 6.42 6.83
‘N¢Gs 4.00 5.00 6.17 7.92 7.92 7.92
NoGs 3.75 4.75 5.75 6.50 7.75 7.25
CD (0.05) 1.16 1.16 1.39 1.67 1.82 1.803
SEmt 0.416 0.416 0.501 0.601 0.655 0.649
N, - NPK 10:10:10 - o.i% G, - Control

N, -NPK 10:10:10-0.2% G, - BA 100 ppm

N; -NPK 20:10:10-0.1% G,- BA 200 ppm .
N¢-NPK 20:10:10-0.2%  G; - GA; 10 ppm ‘

N5 -NPK 30:10:10-0.1% G4 - GA;3 20 ppm

Ns - NPK 30:10:10-0.2%  Gs - IAA 250 ppm




BA 200 ppm produced more number of leaves when NPK 10:10:10 at 0.2 per cent
and NPK 20:10:10 at 0.1 per cent were applied (4.75 and 5.33 leaves, respectively).

At six MAP, leaf production was more when BA 200 ppm was used
along with NPK 30:10:10 at 0.2 per cent (8.50) and NPK 10:10:10 at 0.2 per cent
(6.67). Along with NPK 30:10:10, BA 100 ppm gave value on par with this (7.83).
But in the case of NPK 30:10:10 at 0.1 per cent, NPK 20:10:10 at 0.1 and 0.2 per
cent and NPK 10:10:10 at 0.1 per cent, number of leaves was maximum when BA

100 ppm was also applied (6.75, 6.08, 6.77 and 4.83 leaves, respectively).

Similar observations were recorded in subéequent months also. Maximum
* number of leaves was produced by BA 200 ppm in combination with NPK 10:10:10
at 0.1 and 0.2 per cent (7.58 and 11.17 leaves, respectively), NPK 20:20:10 at 0.1
per cent (11.17 leaves) and NPK 30:10:10 at 0.1 and 0.2 per cent (11.25 and 12.67
leaves, respectively). For NPK 20:10:10, BA 100 ppm was found to be more
effective (10.08 leaves) at 10 MAP. -

At 12 MAP, BA 200 ppm was observed to produce maximum number of
leaves when combined with all nutrient doses (14.25, 14.92, 15.67, 1542, 14.83
and 17.33 leaves, with increasing nutrient d;)ses). This was found to be significantly
superior in the'case of NPK 10:10:10 at 0.1 and 0.2 per cent, NPK 20:10:10 and
30:10:10 at 0.1 per cent used in the combination. The treatments NPK 20:10:10 and
30:10:10 at 0.2 per cent, in combination with BA 100 ppm, produced 14.42 and

(4

16.25 leaves, respectively, which was on par with the superior combination.

Minimum number of leaves was recorded in the case of IAA 250 and 500 ppm for |

all nutrient doses (5.92, 7.42, 7.00, 7.92, 6.58, 7.92 and 6.92, 6.83, 7.83, 7.50, 6.92
and 7.25 {eaves, respectively with increasing nutrient doses). This, was inferior
compared to control of growth regulators (7.00, 7.17, 7.17, 8.50, 7.58, 9.17 leaves,

respectively, with increase in nutrient doses). In general, the effect of BA 200 ppm



in producing more number of leaves was similar at different nutrient concentrations,

except at the highest nutrient concentration of NPK 30:10:10 at 0.2 per cent.

Interaction was evident in the case of growth regulators and frequency of
application of nutrients too (Table 19). Combination of weekly once application
- and growth regulators was distinctly inferior compared to growth regulators and
weekly twice application of nutrients. For weekly twice application of nutrients BA
200 ppm was found to produce more leaves during all stages of the experiment
(4.39, 6.08, 7.61, 9.67, 14.89 and 21.31 leaves, respectively, with' progress in
month). This combination was significantly superior in the later months of study;
but BA 100 ppm in the combination was on par during early stages (4.25, 5.50
and 7.08 l.eaves, respectively, in 2,‘4 and 6 months). With the nutrients applied
weekly once, BA 100 ppm produced 4.14, 4.39, 5.42, 5.92 and 6.94 leaves at
2 months to 10 months of study, respectively. In the above combination of nutrients,
BA 200 ppm was on par (4.72,5.84 and 6.25 leaves at 6, 8 and 10 months,
respectively). At 12 MAP, BA 200 ppm in combination with weekly once
application of nutrients produced 9.50 leaves and BA 100 ppm in the combination
produced 8.83 leaves, which was oﬁ par with the fz)rmer. Gibberellic acid, both at
10 and 20 ppm, produced minimum number of leaves in both the application
frequencies (8.30 and 7.44 leaves for weekly twice applicétion and 5.81, 5.08 for

weekly once application, respectively) which was lesser than control.

Nutrients, growth regulators and frequency of application had significant
interactions (Table 20). For the higher doses of all the three nutrient ratios, BA
200 ppm applied weekly ﬁvice gave the maximum number of leaves, which was
significantly superior to other treatment combinations (15.67, 12.17 and 19.83
leaves, respectively, with increase in nutrient ratios). For NPK 30:10:10 at 0.1 per
cent also similar trend was observed (15.67 leaves). BA 100 ppm in the same
combination was on par in the case of NPK 20:10:10 at 0.2 per cent and NPK
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30:10:10 at 0.1 per cent (10.50 and 13.67 leaves, respectively). In the case of
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weekly once application of NPK 20:10:10 at 0.1 and 0.2 per cent and NPK
30:10:10 at 0.1 and 0.2 per cent, BA 100 ppm in the combination gave better results
(7.17, 7.67, 6.83 and 8.50 leaves, respectively).

4.1.1.5 Total leaf area

Data on total leaf area of dendrobium var. Sonia 17 as influenced by
different treatments, individually and in combination, are presented in Tables 21 to
24. |

4.1.1.5.1 Main effect of nutrients, frequency of application and growth regulators
(Table 21) ' ‘

Nutrient concentrations showed detectable differences in total leaf area
throughout the experimental period. Nutrient dbse 30:10:10 at 0.2 per cent recorded
the maximum leaf area of 29.74 cm’, 41.00 cm?, 58.89 cm?, 99.10 cm?, 139.92 cm’
and 198.65 cm?, respectively, from two to 12 MAP. Least values for leaf area were
recorded in the case of NPK 10:10:10 at 0.1 per cent (16.43 cm? 27.35 cm?®,
33.58 cm?, 59.00 cm?, 70.83 cm® and 91.00 e, respectively, from two to 12 MAP.

Application of nutrients in two different frequencies recorded detectable
differences throughout the experiment. Application of nutrients weekly twice
produced plants with significantly better leaf area (25.6 cm?, 40.0 cm?, 56.35 cm?,
89.98 cm?, 100.57 cm? and 158.25 cm?, respectively, from two to 12 months after
planting) as compared to those produced by application of nutrients wéekly once
(1924 em’, 23.85 em’, 31.30 cm’, 42.60 cm’, 64.28 cm’, and 99.33 cm?,
respectively, from two to 12 months after planting). ,

Total leaf area was found to vary signiﬁc;mtly with differences in growth
regulators and doses. The highest values for leaf area was recorded by IAA 500 ppm
(26.00 cm®), closely followed by BA 200 ppm and IAA 250 ppm (24.36 cm® and



Table 21. Leaf area (cm®) in dendrobium var. Sonia 17 as influenced by nutrients

(concentration and frequency of application) and growth regulators

————

Tr@ﬁhents Leaf area (cm?) _ »
2MAP | 4 MAP | 6 MAP | 8 MAP | 10 MAP | 12 MAP

Nutrients

NPK 10:10:10 - 0.1% 1643 | 2735| 3358| 5900| 7083| 91.00
NPK 10:10:10 - 0.2% 1935| 3130| 4021| 66.73| 89.00| 12471
NPK 20:20:10 - 0.1% 2120 2945| 4385 7408 94.68| 14932
NPK 20:20:10 - 0.2% 2465 3450 47.63| 7899 101.00| 167.20
NPK 30:10:10 - 0.1% 2430 | 3585 49.06| 8135 11933| 184.00
NPK 30:10:10 - 0.2% 2974| 4100 5880 99.10] 13992 198.65
CD (0.05) 2.860

SEm+ 1.031 -

Frequency

Weekly twice 2560 | 40.00| 5635| 8998 10057 15825
Weekly once 1924 | 2385| 3130 4260 6428( 993
CD (0.05) . 4654

SEm+ - 1.674

Growth regulators'

Control 2087 | 3200| 4725| 7100| 7980 9825
BA 100 ppm 2122 37.54| 5022| 8997 13888| 19635
BA 200 ppm 2436 | 3908 5968 | 12317 17460| 223.00
GA; 10 ppm 2048 | 2996 | 4723 6277 8038| 9432
GA; 20 ppm 1967| 2825| 4431] 6039| 8261| 87.60
1AA 250 ppm 2428 | 3800 49.00| 6567 87.02| 98.17
IAA 500 ppm 2600 | 3862| 4436| 6997 9033 104.68
CD(0.05) 5.290

SEm+ 1.903




[4

24.28 cm’, respectively) at two MAP. At four MAP, maximum leaf area of
39.08 cm? was recorded in the case of BA 200 ppm; [AA 500 ppm and 250 ppm
recording values on par with this (38.62 cm’ and 38.00 cm?, respectively). Later,
BA 200 ppm was found to produce significant increase in leaf area; 123.17 cm?,
174.60 cm® and 223.00 cm? respectively, with progress in growth. Least values
for leaf area were seen in plants treated with GA3; 20 ppm (19.67 cm’, 28.25 cm?,
44.31 cm?, 60.39 cm® and 87.60 cm?, respectively, at two, four, six, éight and 12

MAP).
| 4.1.1.5.2 Interaction effects

Nutrient concentration along with frequency of application had no

72

significant influence during initial stages of study (Table 22). From four months

onwards highest values were recorded for NPK 30310:10 at 0.1 per cent applied
R twice a week (41.20 cm? and 58.98 cm? at 4 and 6 MAP, respectively). Significantly
supérior treatment combination with respect to total leaf area was NPK 30:10:10 at
0.2 per cent along with weekly twice application (100.84, 148.30 and 203.33 cm?,
respectively at 8, 10 and 12 MAP). Total leaf area produced by higher frequency
(weekly twice) of lower concentration (0.1%) of nutrients was in general higher
than the higher nutrient concentration at lower frequency (weekly oncé). '

- In the combinations of nutrients and growth regulators, detectable
differences were not observed in the early stages of plant growth (Table 23). From
fourth MAP, BA 200 ppm along with 30:10:10 NPK at 0.2 per cent produced plants
with highest leaf area (48.98 cm?). Benzyl adenine 100 ppm and IAA 500 ppm
substituted in the combination gave 45.75 cm? and 44.45 cm? area, which was on
par with the former combination. Similar trend was seen with progress in plant
growth. BA 200 ppm combined with 30:10:10 at 0.2 per cent NPK gave maximum
leaf area of 175.23 cm?, 203.41 cm® at 10 and 12 MAP. BA 100 ppm in the

combination was found to be on par with leaf area of 169.00 cm? and 195.90 cm?,
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Table 23. Total leaf area (cm?) in dendrobium var. Sonia 17 as influenced by

combinations of nutrients and growth regulators.

Treatments Total leaf area (cm?) -

2 MAP 4 MAP 6 MAP 8 MAP 10 MAP | 12 MAP
N,Go 19.35 23.98 29.92 36.75 51.36 56.39
N,Gi 19.47 24.07 31.60 40.15 55.21 61.20
NiG: 19.62 24.90 33.33 42.06 59.00 63.67
N;Gs 19.25 24.02 28.60 39.98 48.62 56.37
N,G4 19.80 23.95° 29.83 38.63 50.16 53.12
N;Gs 19.00 23.88 31.37 37.50 51.21 55.79
NiGs 19.42 23.96 31.90 38.36 50.77 | 59.92

N.Gy 20.41 29.65 31.34 38.35 60.22 69.99
N:Gi 20.65 33.00 33.03 4122 | 6432 78.20
N2G: 11.35 34.25 38.51 42.67 69.48 89.00
NaGs 2022 29.90 35.06 40.05 | . 50.07 68.29
N2Gj4 2031 2987 33.17 39.96 48.96 64.02
N2Gs 19.65 30.25 32.25 - 40.25 51.35 70.10
NiGs 19.48 31.99 32.17 41.33 57.00 72.35
NsGo 10.42 33.00 37.67 44.67 88.95 97.23
NG 21.00 3987 40,68 47.95 9132 | 10035
N;G; 20.85 40.25 42.26 49 83 94.65 111.79
NsG;s 20.96 37.63 40.20 4243 78.20 87.67
N1G. 21.20 36.96 39.31 4;0.68 72.31 81.35
N;Gs 20.65 36.99 37.64 | 44.65 79.68 98.62
N3Gs 20.48 37.12 38.43 45.99 84.25 109.20
N4Gy 20.68 36.20 4045 .| 58095 101.31 149.38
N4G, 20.89 41.60 43.99 65.91 112.25 154.98
1 N4G; 21.00 4591 47.20 72.63 119.17 167.20
N,G; 21.02 40.21 41.60 50.31 31.96 101.30

Contd.




Table 23. Continued

7%

[ Treatments Total leaf area (cm?)

2MAP | 4MAP | 6MAP | S8MAP | 10MAP | 12 MAP
NG 20.97 38.63 | 4007 49.18 8835 97.78
NiGs 20.86 39.17 40.18 49.96 95.02 137.63
NaGs 2091 39.45 41.24 54.20 10325 | 151.00
NsGo | 2012 | 358F | -4421 | 6340 -| 11892 | 140.20
NG 20.45 41.86 43.67 70.31 131.03 | 15125
NsGz 20.63 44.95 46.95 74.20 14227 | 168.04
NsGs 20.95 40.48 41.55 54.21 10235 | 103.50
NsGy 21.05 40.02 4207 | 50.18 100.07 92.69
NsGs 2099 37.87 3996 | 5145 12098 | 120.29
NsGs 2095 | 3833 | 4221 64.05 12242 | 14135
NeGo 2040 | 3861 4967 | 7625 15620 | 185.20
NeG: | 2200 |- 4575 53.41 | 84.00 169.00 | 195.90
NeG: | 21.86 48.98 5575 |  89.36 17523 | 203.41
NeGs 2098 4432 | 45.00 50.96 13531 | 127.62
NeGa 21.35 42.61 44.43 56.25 12762 | 108.60
NeGs 21,07 4048 | 4271 60.12 14998 | 132.44
NeGs 2133 44.45 4565 | 6833 163.00 | 180.18
CD(0.05) | 3987 | 5285 5.885 6.155 7.284 7765
SEm 1434 1,901 2.117 2214 2,620 2.793
N; -NPK 10:10:10-0.1% Gy - Control

Nz -NPK 10:10:10 - 0.2%
N3 - NPK 20:10:10 - 0.1%
N, - NPK 20:10:10 - 0.2%
Ns-NPK 30:10:10 - 0.1%
Ns - NPK 30:10:10 - 0.2%

G, - BA 100 ppm
G2- BA 200 ppm
Gs3 - GA; 10 ppm
G4 - GA; 20 ppm
Gs - IAA 250 ppm
Gs - IAA 500 ppm
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af area in dendrobium var. Sonia 17, as influenced
's and growth regulators

Effect of nutrients
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Period (months) after planting

Effect of growth regulators

Period (months) after planting




respectively. When lower concentration of nutrients were used, JAA 500 ppm
. also was found to be on par. Least leaf area was observed in the case of GA; 10 and

20 ppm with all nutrient combinations - 56.37 c¢cm? and 53.12 cm? with NPK

77

10:10:10 at 0.1 per cent, 68.29 cm?and 64.02 cm? with NPK 10:10:10 at 0.1 per |

cent, 87.67 cm? and 81.35 cm? with NPK 20:10:10 at 0.1 per cent, 101.30 cm?and
97.89 cm? with NPK 20:10:10 at 0.2 per cent, 103.50 and 92.69 cm?® with NPK
30:10:10 at 0.1 per cent respectively, at 12 months of observation, which was found
to be lesser than that produced by control for growth regulator. | '

Detectable differences were observed with combination of growth
regulators and frequency of application of nutrients (Table 24). Significance was
evident only when the growth progressed. BA 200 ppm was found to produce
higher leaf area in combination with both weekly once and twice application from
eight to 12 months (98.00 cm?, 170.00 cm?, 210.12' cm? a_nd 40.70 cm?, 58.61 cm?,
100.51 cm?, respectively). Least leaf area was produced by GA;, in combination
with both the frequencies of application (60.88 cm® and 141.66-'cm2, respectively) at
12 MAP.

4.1.1.6 Number of roots

Data pertaining to number. of roots in dendrobium var. Sonia 17, as

influenced by various treatment and their combinations, are presented in Tables 25 |

to 28.

4.1.1.6.1 Main effect of nutrients, frequency of application and growth regulators
(Table 25)

Marked differences in root number were produced by nutrient application
NPK 30:10:10 at 0.2 per cent gave significantly more number of roots (33.14)
compared to the lower nutrient ratios. Roots produced by NPK 20:10:10 at 0.2 per

cent (29.9 roots) was on par with the former. Least number of roots (20.5) was



Table 25. Biomass production (g) and root characters in dendrobium var. Sonia 17as

7€

influenced by nutrients (concentration and frequency of application) and -

growth regulators -
[ Treatments Dry matter Root length (cm) No. of roots
Nutrients
NPK 10:10:10 - 0.1% 2.53 16.21 20.50
NPK 10:10:10 - 0.2% 2.93 15.30 2471
NPK 20:20:10 - 0.1% 3.66 17.84 24.54
NPK 20:20:10 - 0.2% 4.26 17.28 29.86
NPK 30:10:10-0.1% 4.81 18.31 26.82
NPK 30:10:10 - 0.2% 6.09 18.92 33.14
CD(0.05) 0.053 3.34 5.55
SEmz 0.019 137 1.97
Frequency
Weekly twice - 3.203 16.83 29.19
Weekly once 2.89 221 24.00
CD (0.05) 0.025 221 3.19
SEmz 0.011 0.789 1.139
Growth regulators '
Control 3.68 20.15 24.38
BA 100 ppm 4.27 15.28 126.00
BA 200 ppm 4.46 14.07 26.58
GA; 10 ppm 3.92 18.39 23.38 -
GA; 20 ppm 3.78 21.22 2429
1AA 250 ppm 4.06 16.70 29.54
IAA 500 ppm 4.16 15.37 32.00
CD(0.05) 0.057 415 5.98
SEmz 0.020 1.48 2.13




produced by NPK 10:10:10 at 0.1 per cent, which was on par with NPK 20:10:10 at
0.1 per cent (24.5 roots) and NPK 10:10:10 at 0.2 pér cent (24.7 roots).

Nutrients applied weekly twice excelled the weekly once application in
terms of root numbers (29.19 and 24.00 roots, respectively).

Among growth regulators applied IAA 500 ppm produced 32 roots,
which was the highest root number recorded and was on par with IAA 250 ppm,
BA 200 ppm and BA 100 ppm, which recorded 29.5, 26.6 and 26.0 roots,
respectively. '

4.1.1.6.2 Interaction effects

Treatment combinations of NPK 30:10:10 at 0.2 per cent, sprayed twice
weekly, were superior, producing 38.9 roots which was significantly superior to all
other treatments. This was closely followed by 31.6 roots in the case of NPK
20:10:10 at 0.2 per cent sprayed weekly twice (31.6) (Table 28). Root number
produced was in general higher in the case of higher frequency (weekly twice) of
lower concentration of nutrients compared to lower frequency (weekly once) of
higher concentration of nutrients.

BA 200 ppm in combination with NPK 30:10:10 at 0.2 per cent produced
significantly highest root number (42.0) followed by 37.3 and 36.5 roots,
respectively, in the plants treated with JAA 250 ppm and 500 ppmcombined with
the same nutrient dose (Table 98). Minimum root number was observed (16.5)
when BA 200 ppm was applied along With NPK 10:10:10 at 0.1 per cent.

Maximum number of roots (33.2) produced by combination of growth
regulators and frequency of nutrient application was in the case of BA 100 ppm
(Table 29) followed by IAA 500 ppm (33.1 roots) in the case of weekly twice

application. GA; 20 ppm and BA 200 ppm when applied in combination with

i



weekly once nutrient application gave least number of roots (20.5 and 20.0 roots,

respectively).
4.1.1.7  Biomass production

Data pertaining to the total biomass production in dendrobium var.
Sonia 17, as influenced by treatments and their combinations, are prgsented in

Tables 25 to 27 and 29.

4.1.1.7.1 Main effect of nutrients, frequency of application and growth regulators
(Table 25)

Maximum biomass was recorded in plants fertilized using NPK 30:10:10
at 0.2 per cent (6.09 g), which excelled all other nutrient doses significantly. NPK
30:10:10 at 0.1 per cent followed this (4.81 g) and least biomass production (2.53 g)

was observed in plants fed with NPK 10:10:10 at 0.1 per cent. In general, biomass |
production was significantly superior for higher frequency (weekly twice) of lower |

concentration of nutrients compared to lower frequency (weekly once) of higher

concentration of nutrients.

Weekly twice application of nutrients produced 5.20 g biomass which

was distinctly superior to 2.89 g in plants fed with nutrients weekly once.

Growth regulator application was found to have marked influence on
dry matter production. 4.46 g of dry matter wés obtained in plants treated with BA
200 ppm, which was significantly superior to all other growth regulators. Growth
regulator control treatment accumulated 3.68 g biomass, which was on par with dry
matter produced by plants treated with GA; (3.92 g and 3.78 g, respectively for GA;
10 ppm and 20 ppm).

ge



4.1.1.7.2 Interaction effects

Nutrient doses had effective interaction with frequency of application with
respect to biomass production (Table 26). Maximum biomass production (7.40 g)
was recorded in plants treated weekly twice using 30:10:10 NPK 0.2 per cent. Least
dry matter producﬁon was obtained in the case of weekly once application with
NPK 10:10:10 at 0.1 per cent (1.67 g).

Highest dry matter (5.66 g) was produced in plants treated with BA
200 ppm fertilized twice weekly (Table 27). BA 100 ppm in the above combination
produced 5.45 g. Minimum value for dry matter is recorded in plants which were
treated with no growth regulator. |

In the case of combinations of nutrients and growth regulators, maximum
dry matter accumulation was observed in the case of BA 200 ppm along with NPK
30:10:10 at 0.'2”per cent (6.94 g), which was signiﬁcantly superior compared to all
other treatment combinations (Table 29). This was followed by BA 100 ppm in the
same -nutrient. combination, which produced 6.51 g of dry matter. Nutrients in
combination with GA; 20 ppm was found to produce significantly lower dry matter
content (2.36 g, 2.64 g, 3.36 g, 4.09 g, 4.45 g and 5.70 g, respectively), which were
on par (2.28 g) with treatments having no growth fegulators. In general, biomass
production due to BA 200 ppm was found to increase- with increase in nutrient

concentration.

4.1.2 Nutrient content

4.1.2.1 Nitrogen content

8

Data pertaining to the concentration of nitrogen in dendrobium var.

Sonia 17, as influenced by different treatments, are presented in Tables 30 to 36.



g2

Table 26. Biomass production (g) and number of roots in dendrobium var. Sonia 17
as influenced by combination of nutrient concentration and frequency of

application
[ Treatments ' ~ Dry weight (g) Number of roots
Weekly Weekly Weekly Weekly
once twice once - twice
NPK10:10:10-0.1% 1.67 3.39 18.71 22.29
NPK10:10:10 - 0 .2% 2.07 3.79 23.21 26.21
NPK20:10:10 - 0 .1% 2.54 4.79 21.71 27.36
NPK20:10:10 - 0 2% 289 5.62 28.07 3164
NPK30:10:10-0 .1% 3.37 : 6.24 24 93 28..71
NPK30:10:10 -0 .2% 4.79 7.40 ' 36.88 38.93
CD (0.05) - 0.075 0.785
SEmt 0.027 0.279

Table 27. Biomass production (g) and number of roots in dendrobium var. Sonia 17
as influenced by combinations of growth regulators and frequency of

nutrient application
Treatments Dry weight (g) | - Number of roots
, Weekly Weekly Weekly Weekly
Once twice once __twice
1 Control 2.50 4.86 22.75 26.00
BA 100ppm | 3.10 5.45 23.50 28.50
BA 200ppm 3.26 566 | 2000 33.17
GA; 10ppm 28] 5.04 21.83 24.92
GA; 20ppm 2.72 4.83 2050 28.08
TAA 250ppm 2.86 5.25 28.50 30.58
IAA 500ppm 2.98 5.34 30.92 33.08
CD (0.05) 0.082 0.848
SEmt | 0.028 0.302
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Table 28. Number of roots in dendrobium var, Somia 17 as inflienced by
combinations of nutrient concentration and growth regulators

Treatments Number of roots .
NI | N2 N3 N4 N5 N6

Control 21.00 18.00 1750 | . 2050 | 25.00 31.50
BA 100ppm 21.00 14.50 28.00 23.50 29.75 29.00
BA 200ppm 19.00 14.00 23.00 19.00 21.50 42.00
GA3 10ppm 16.00 21.50 24.00 20.50 2825 | 20.25
GA3 20ppm 18.50 17.00 26.00 26.00 19.00 35.50
IAA 250ppm 29.00 22.50 29.50 29.50 32.50 37.25
1AA 500ppm 31.50 23.50 35.50 31.00 32.50 36.50

CD(0.05) 1.469
SEm ' 0.522

Table 29. Biomass production (g) in dendrobium var. Sonia 17 as influenced by
combinations of nutrient concentration and growth regulators

Treatments Dry weight (g)

N1 N2 N3 N4 " NS5 Né6
Control 2.28 275 3.37 4‘.04 4.52 5.12
BA 100ppm 2.69 3.11 3.95 436 5.04 6.51
BA 200ppm 2.75 3.22 4.05 4.61 5.18 6.94
GA; 10ppm 2.51 2.83 3.45 4.12 4.65 5.95
GA; 20ppm 2.36 2.64 3.36 4.09 4.45 5.76
IAA 250ppm | 2.54 2.90 3.69 4.23 4.84 6.13
1AA 500ppm 2.60 3.05 3.77 4.34 4.07 . 6.25
CD(0.05) 0.140
SEm+ 0.050
N1 -NPK10:10:10 - 0.1% N2 - NPK10:10:10 -0 .2%
N3 - NPK20:10:10 - 0 .1% N4 - NPK20:10:10 - 0 .2%

N5 - NPK30:10:10 - 0 .1% N6 - NPK30:10:10 - 0 2%



4.1.2.1.1 Main effect of nutrients, frequency and growth regulators (Table 30)

Nutrient doses applied were found to influence the nitrogen content.
Maximum nitrogen content of 1.58 per cent was found in plants receiving NPK
30:10:10 at 0.2 per cent, which was closely followed by NPK 30:10:10 at 0.1 per -
cent (1.44%). Nitrogen concentration was found to reduce with reduction in nutrient
dose applied. Minimum nitrogen éonceniraﬁon of 1.11 per cent was found in the
case of NPK 10:10:10 at 0.1 per cent. '

Frequency of application was found to significantly influence nitrogen
concentration. Application twice a week produced 1.91 per cent nitrogen, which

was significantly above 0.73 per cent, seen in the case of wéekly once application.

Nitrogen concentration in plant parts showed difference in response to
different growth regulators. Highest nitrogen concentration was observed in the
case of BA 200 ppm (1.39%) closely followed by 1.37 per cent in the case of BA
100 ppm, IAA 250 ppm and IAA 500 ppm. The 1oweét nitrogen concentration was
detected in the case of GA3 20 ppm (1.22%). -

4.1.2.1.2 Interaction effects

Effect of interaction of nutrient doses and ﬁ"equéncy of application was
significant with respect to nitrogen concentration in plant parts. (Table 31). Highest
nitrogen (2.23 %) was observed when NPK 30:10:10 at 0.2 per cent, combined with
weekly twice application frequency, which was sighiﬁcanﬂy superior compared to
all the other treatments (Fig.3). In the case of weekly once application also NPK
30:10:10 at 0.2 per cent gave the highest nitrogen-(0.93%) and lower level of the
same nutrient ratio applied gave value on par with this (0.85%). Least nitrogen was
observed in the case of NPK 10:10:10 at 0.1 per cent, combined with weekly once
application (0.56%). In general, higher frequency (weekly twice) of application of



lower nutrient concentration showed higher nitrogen content compared to lower

frequency (weekly once) of higher concentration of nutrients.

Nitrogen concentration in aerial parts showed detectable differences in
response to combination of nutrients and growth regulators applied (Table 32).
Highest nitrogen content of 1.72 per cent was pbserved when IAA 250 ppm
was applied in combination with 30:10:10 NPK at (.2 per cent. BA 200 ppm, IAA
500 ppm and BA 100 ppm substituted in the same combination gave nitrogen
content on par with the highest value (1.69%, 1.69% and 1.66%, respectively).
When applied with lower ratio of nutrients NPK 10:10:10 at 0.1 and 0.2 per cent,
none of the growth regulators had any significant influence with the nutrients
applied. In the case of NPK 20:10:10, at both the levels, [AA 250 ppm gave the
highest nitrogen content of 1.31 and 1.43 per cent, respectively. BA 200 ppm, BA
100 ppm and IAA 500 ppm substituted in the above combination produced results
on par with it (1.30%, 1.30%, 1.25%, 1.43%, 1.37% and 1.38%, respectively). In
the case of NPK 30:10:10 at 0.1 per cent, significant interactions were noticed with
BA 200 ppm (1.57%) and IAA 500 ppm (1.53%), respectively. BA 100 ppm
(1.48% N) and IAA 250 ppm (1.47% N) were on par with the above when applied

along with the same nutrient dose.

Growth regulators in combination with fr;:quency of nutrient application
gave detectable differences in the case of nitrogen content (Table 33). Highest value
was recorded in the combination with BA 200 ppm and weekly twice application of
nutrients (2.04%). For weekly once application, IAA 500 ppm was found to produce
more nitrogen (0.76%) in the plant. But significant differences did not exist between

growth regulators in the combination.

Marked differences were observed in the combination of nutrients,
frequency of application and growth regulators (Table 34). Highest value for
nitrogen was obtained in the plants applied weekly twice with NPK 30:10:10 at 0.2
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per cent and IAA 250 ppm (2.47%).'When BA 200 ppm and BA 100 ppm were
substituted in the above combination, nitrogen content observed in the plant was on
par with the highest value. BA 100 ppm and BA 200 ppm combined with NPK
30:10:10 at 0.1 per cent and NPK 20:10:10 at 0;2 per cent applied weekly twice
gave higher nitrogen in plant parts (2.27% and 2.09%, respectively). For weekly
twice application, higher nitrogen was observed in combination with BA 100 ppm
in the case of NPK 10:10:10 at 0.1 per cent and 0.2 per cent spray (1.77% and
1.82% N, respectively). For weekly once application of the same nutrient‘ dose,

marked difference due to growth regulators was not observed.
4.12.2 | Phosphorus

Data on phosphorus concentration in the aerial parts of dendrobium in

response to various treatments are presented in Tables 30 to 33 and 35.

© 4.1.2.2.1 Main effect of nutrients, frequency of application and growth regulators
(Table 30) ' :

Phosphorus concentration recorded in the aerial parts of dendrobium var.
Sonia 17 differed markedly with nutrients applied. Highest content of phosphorus
was recorded in NPK 10:10:10 at 0.1 per cent (0.38%) and NPK 30:10:10 at 0.2 per
cent. NPK 20:10:10 at 0.2 per cent gave phospHorus (0.37%) on par with the
highest. Minimum content recorded was 0.28 per cent in the case of NPK 20:10:10

at 0.1 per cent.

Frequency of application had significant effect on P content. Weekly
twice application of nutrients gave distinctly superior P content of 0.46 per cent,

compared to 0.14 per cent of weekly once application.

Growth regulators showed difference in influence on P content. BA

100 ppm showed the highest value of 0.39 per cent, which was significantly
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superior to all other growth regulator treatments. This was followed by IAA
500 ppm, which gave 0.35 per cent P. Least P content was recorded in the case of
GA; 20 ppm (0.26%). Plants, which were not treated with growth regulators, had
0.28 per cent P, which was similar to that observed in the case of GA; 10 ppm.

4.1.2.2.2 Interaction effects

Detectable differences could be seen in P content of dendrobium due to
nutrient concentrations combined with frequency of application (Table 31). In the
case of weekly twice application of nutrients, nutrient level that gave maximum
value for P (0.60%) was NPK 10:10:10 at 0.2 per cent (Fig.3). This was followed
by NPK 30:10:10 at 0.1 per cent and 30:10:10 at (.2 per cent (0.59% and 0.57%,
respectively). For weekly once application NPK 20:10:10 at 0.2 per cent gave the
highest P (0.24%). NPK 10:10:10 at 0.2 per cent and 0.1 per cent closely followed
this (0.22% and 0.21%, respectively). Least P content was recorded in the case of
NPK 20:10:10 at 0.1 per cent and NPK 30:10:10 at 0.1 per cent (0.13% and 0.15%,
respectively). In general, higher frequency (weekly twice) of lower nutrient
concentration produced higher P content compared to lower frequency (weekly

once) at higher nutrient concentration.

Nutrients in combination with growth regulators gave significant
differences in P content (Table 32). Highest P content was recorded in the case of
IAA 500 ppm in combination with NPK 10:10:10 at 0.1 per cent (07.47%).' NPK
30:10:10 at 0.2 per cent substituted in the combination gave P content on par with
the above (0.43%). For NPK 20:10:10 at 0.2 per cent, IAA 250 ppm was found to
produce more P (0.43%). Similar trend was present in the case of NPK 10:10:10 at
0.2 per cent also (0.40%). Least values (0.20%) were recorded in the case of GA3
20 ppm, which was less than the combination of nutrients with no growth regulators
used (NPK 10:10:10 at 0.1 and 0.2%).
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In the combination of growth regulators and frequency of nutrient

application rﬁarked influence could be observed (Table 33). IAA 500 ppm along
with weekly twice nutrient application gave higheést values for P (0.54%). For
weekly once application of nutrients, that with no growth regulators gave highest P
content (0.22%), which was closely followed by BA 100 ppm applied in
combination (0.18%). Least recorded P was in the case of GA; 10 and 20 ppm

applied in combination with weekly once application of nutrients.

Interaction of nutrients, frequency and growth regulators was found
* significant in the case of P content (Table 35). Highest P was recorded in the
combination of NPK 30:10:10 at 0.2 per cent with IAA 250 ppm sprayed weekly
twice (0.66%), which was signiﬁcantly superior to all other treatments. Least P was
recorded in the case of combination with GA; 10 and 20 ppm along with NPK
10:10:10 0.2 per cent applied weekly once (0.11%). |

4.1.2.3 Potassium content

Data pertaining to potassium content in dendrobium var. Sonia 17 is

presented in Tables 30 to 33 and 36.

4.1.2.3.1 Main effect of nutrients, application frequency and growth regulators
(Table 30) ’

[4

Potassium content showed detectable differences in response to nutrient

doses applied. Highest concentration of K was recorded in the case of NPK
10:10:10 at 0.2 per cent (2.71%), cloéely followed by NPK 30:10:10 at 0.2 per cent
(2.60%). Least concentration of K (2.04%) was recorded in the case of NPK
20:10:10 at 0.1 per cent. ' |
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Frequency of nutrient application had significant influence on K content.
As the frequency increased, K content was found to increase (2.51%, as compared
to 1.68% in the case of weekly once application).

Among the growth regulator treatments, highest K content was recorded
in the case of IAA 250 ppm (2.62%), which was significantly superior to all other
treatments. BA 100 ppm recorded 2.47 per cent K, which closely followed the
superior one. Least K content was recorded in the case of treatment with no growth

regulator (1.71%),).
4.1.2.3.2 Interaction effects

Interaction was evident for nutrients and application frequencies with
respect to K content in dendrobium (Table 31 and Fig.3). Highest concentration of
K was recorded when NPK 30:10:10 at 0.1 per éent was applied twice weekly
(3.11%), which was significantly superior compared to other combinations. NPK
10:10:10 at 0.2 per cent applied twice weekly cldsely followed (2.81%) the above.
In the case of weekly once application, the K content was found to increase when
30:10:10 NPK at 0.2 per cent was applied (1.79%). Lowest K content of 1.51% was
recorded in the case of NPK 10:10:10 at 0.1%, applied weekly once.

In general, the K content was higher for higher frequency (weekly twice)
of lower concentration of nutrients compared to lower frequency (weekly once) of

higher concentration of nutrients.

Combinations of nutrients and growth regulators were also found to
influence the K content in dendrobium var. Sonia 17 (Table 32). Maximum K
content was produced when IAA 500 ppm was used in combination with NPK
30:10:10 at 0.2 per cent (2.96%). IAA 250 ppm, BA 100 ppm and BA 200 ppm
substituted in the combination gave K content on par with this (2.93%, 2.93% and



2.81%, respectively). Lowest K content of 1.40 per cent was recorded in plants that
received NPK 10:10:10 at 0.1 pericent and no growth regulators.

Detectable differences were observed in response to different
combinations of growth regulators and frequencies-of application of nutrients in K
content. (Table 33). In general growth regulator effect was more pronounced in the
case of plants fed with nutrients twice weekly. Maximum K content of 2.99. per cent
was observed when JIAA 500 ppm was applied. JAA 250 ppm, BA 200 ppm and
BA 100 ppm recorded 2.88 per cent, 2.74 per cent and 2.69 per cent potassium,
respectively, which were on par with the highest content. Least K content of 1.25
per cent was observed in the case of weekly once fertilized plants supplied with

' GA; at 20 ppm and GA; at 10 ppm (1.60% and 1.61%, respectively).

Interaction was evident in the case of nutrients, growth regulators and
frequency of application (Table 36). Maximum values for K recorded was 4.00 per
cent when IAA 250 ppm along with NPK 30:10:10 at 0.2 per cent was aﬁplied
weekl.y twice. IJAA 500 ppm substituted in the above combination gavé 3.98 per

cent K, which was on par with the above.
4.1.2.4 Calcium content

Data pertaining to content of calcium in dendrobium var. Sonia 17 as
influenced by various treatments and their combinations are presented in Tables 30

to 33

4.1.2.4.1 Main effect of nutrients, frequency of application and growth regulators
(Table 30)

Among the nutrients applied, hlghest content was recorded in the case of
NPK 30:10:10 at 0.2 per cent (2.83%) followed by 2.63 per cent observed in NPK
20:10:10 at 0.2 per cent. NPK 30:10:10 at 0.1 per cent also recorded 2.52 per cent
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Ca, which was on par with the above. Least calcium content was seen in plants

treated with NPK 10:10:10 at 0.1 per cent (1.67%).

Calcium content was also found to increase with increase in frequency of
application of nutrients. A calcium content of 3.66 per cent was recorded when
nutrients were given twice a week, which was significantly superior to 0.78 per cent

observed when application was doné only once a week.

Among the growth regulators tried, BA 200 ppm treated plants contained
2.86 per cent calcium, which was significantly superior to all other treatments. Least
content of Ca was recorded in the case of GA3; 20 ppm (1.84%).

4.1.2.4.2 Interaction effects

Highest Ca content was detected when NPK 30:10:10 at 0.2 per cent was
applied twice a week (4.74%), which was significantly superior to all other
combinations (Table 31 and Fig.3). In the case of weekly once application aléo NPK
30:10:10 at 0.2 per cent gave the highest content of 0.93 per cent. |

~In combination with 30:10:10 NPK at 0.2 per cent, IAA 500 ppm gave
the highest Ca content of 3.63 per cent, which was closely followed by 3.58 per cent
when IAA 250 ppm was used (Table 32). Similar effects were recorded by TAA 500
and 250 ppm with 6ther nutrient ratios also (3.41%, 3.31%, 1.92% and 1.87%,
respectively, with NPK 20:10:10 and 10:10:10 at 0.2 per cent). In general, Ca
content was higher for higher frequency (weekly ;wice) of lower concentration of
nutrients compared to lower frequency (weekly 0;106) of higher concentration of

nutrients.

Combination of IAA with weekly twice application of nutrients excelled
all other combinations (4.42% and 4.35%, respectively, for IAA 500 and 250 ppm)
for Ca content (Table 33). In the case of weekly once application of nutrients JAA



500 ppm recorded highest Ca content of 0.87 per cent. Lowest Ca content of 0.69
per cent was observed in plants which received weekly once application of nutrients

and no growth regulators.
4.1.2.5 Magnesium content

Data pertaining to Magnesium concentration in dendrobium var. Sonia 17
as influenced by various treatments and treatment combinations are presented in

Tables 30 to 33

4.1.2.5.1 Main effect of nutrients, frequency of application and growth regulators
(Table 30)

Magnesium content showed detectable differences with nutrients, their

frequencies and growth regulators applied.

_ Highest content of 0.85 per cent was recorded in the case of NPK
30:10:10 at 0.2 per cent, which was significantly superior, compared to other
nutrient concentrations. Least Mg content was observed in the case of NPK
10:10:10 at 0.1 per cent (0.59%). -

Magnesium content was significantly high (1.10%) when nutrients were

applied twice weekly, compared to 0.31 per cent when application was done only

once a week.

Response of dendrobium to different growth regulator treatments was
detectably different in terms of Mg content. IAA 250 ppm recorded highest
Magnesium content of 0.96 per cent, which was significantly superior to other

treatments. BA 200 ppm gave the next best Mg content of 0.86 per cent. Mg content

was least (0.55%) in treatment having no growth regulator.

9



| 4.1.2.5.2 Interaction effects

Mg content was found to be significantly different with different treatment
combinations of nutrients and frequency of application (Table 30). For weekly twice
application, NPK 30:10:10 at 0.1 per cent was found to be superior(Ca content of
1.42%). Weekly once application of NPK 30:10:10 at 0.2 per cent gave highest Mg
content of 0.39 per cent. In general, the Mg content was higher for higher frequency
(weekly twice) of lower concentration of nutrients dompared to lower frequency

(weekly once) of higher concentration of nutrients.

In the case of combinations of nutrients and growth regulators highest Mg
content of 1.06 per cent was recorded in the combined influence of BA 200 ppm
and NPK 30:10:10 at 0.2 per cent (Table 32). .Coml;ination of NPK 20:10:10 at 0.2
per cent also gave high value for Mg when treated with BA 200 ppm (1.04%). In
the case of combinations with lower nutrient concentrations, viz., NPK 10:10:10 at
0.1 and 0.2 per cent and NPK 20:10:10 at 0.1 per cent along with IAA 500 ppm
gave the highest content of Mg (0.67%, 0.76% and 0.79%, respectively).

Plants showed greatest response in the case of Mg content (1.37%) for
weekly twice application of nutrients and BA 200 ppm (Table 33), whereas least

content was observed in the case of control for growth regulator.
4.1.2.6 Copper content

Data pertaining to concentration of copper in the aerial parts of

dendrobium var. Sonia 17 as influenced by various treatments and their -

combinations are presented in Tables 37 to 40

93



%

Table 30. Concentration of major nutrients (%), in dendrobtum var. Soma 17 as '

influenced by nutrients (concentration and frequency of application) and

growth regulators
 Treatments N P K Ca Mg
Nutrients
NPK 10:10:10 - 0.1% 1.11 0.38 2.59 1.67 0.59
NPK 10:10:10 - 0.2% 1.18 0.36 271 .| 178 0.63
NPK 20:20:10 - 0.1% 124 | 028 2.04 1.88 0.67
NPK 20:20:10 - 0.2% 1.34 0.37 2.17 2.63 0.76
NPK 30:10:10 - 0.1% 1.44 0.34 242 .| 252 0.73
NPK 30:10:10 - 0.2% 1.58 0.38 2.60 2.83 0.85
CD(0.05) 0.029 0.03 0.084 | 0693 | 0.050
SEm =+ 0.010 0.01 0.029 | 0.025 ! 0.018
Frequency
Weekly twice 1.91 0.46 251 | 366 | 110
Weekly once 0.73 0.14 1.68 0.78 0.31
'CD (0.05) 0.168 0.02 0.048 | 0039 {-0.031
SEm =+ 0.006 0.01 0.017 | 0.014 | 0.011
Growth regulators '
Control 1.25 0.28 1.71 1.87 0.55
BA 100 ppm 1.37 0.39 2.47 234 | 080
BA 200 ppm 1.39 0.31 2.23 2.86 0.86
GA3 10 ppm 1.25 0.28 1.89 1.89 0.58
GA; 20 ppm 122 | 026 1.93 1.84 0.63
TIAA 250 ppm 1.37 0.33 2.62 2.59 0.96
TAA 500 ppm 137 | 035 2.40 2.65 0.75
“CD (0.05) 0.031 0.03 0.091 | 0.075 | 0.054
| SEm + 0.011 0.01 0.032 | 0.027 | 0.019
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Table 32. Concentration of major nutrients (%) in dendrobium var. Sonia 17 as
influenced by combinations of nutrient concentration and growth

[4

regulators
Treatments Concentration of nutnents (%)

- N P K Ca Mg
NiGo 1.08 0.21 1.40 1.29 0.43
N:1Gy 1.16 0.27 1.73 1.71 0.65
Ni1G2 1.15 0.35 1.50 1.81 0.67
NiG; 1.09 0.22 1.53 1.55 0.51
NiGs 1.07 0.20 1.55 1.48 0.53
NiGs 1.11 0.30 1.64 1.89 0.66
NiGs 1.14 0.47 1.81 1.98 0.67
N2Go 1.14 0.23 1.55 - 1.81 0.49
N:G, 1.21 0.26 1.66 1.79 0.70
N2G2 1.21 0.27 1.80 1.78 0.73
N2G; 1.20 0.23 1.57 « 1.69 0.62
NG 1.12 0.20 162 1.63 0.56
N:2G;s 1.20 0.40 1.84 1.87 0.60
NiGs 1.19 0.39 1.94 1.92 0.76
N3Gy 1.17 0.27 1.64 | 1.84 0.55
N3G 1.30 0.28 2.10 1.91 0.76
N3G; 1.30 0.38 222 1.97 0.78
N;G3 1.20 0.26 1.78 1.79 0.57
N3Gy 1.15 0.24 1.85 1.79 0.56
N;Gs 1.31 0.29 2.30 1.91 0.73
N3G¢ 1.25 0.32 238 1.95 0.79
N4Go 1.28 0.37 1.72 1.92 0.58
NG, 1.37 0.30 235 2.93 0.88
NG 1.43 0.32 243 2.90 1.04
NaG3 1.25 0.27 1.82 1.95 0.61

Contd.
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Table 32. Continued

N - NPK 30:10:10 - 0.2%

Gs - IAA 250 ppm

Gs - IAA 500 ppm

Irgatments N P K Ca Mg
NG 125 0.28 1.94 1.98 0.63
N4Gs 143 0.43 2.44 331 0.76
NiGs 1.38 0.36 2.52 3.41 0.78

| NsGo 1.36 0.32 1.90 2.14 0.60
NsGi 1.48 0.38 2.46 2.62 0.88
NsGs 1.57 0.36 2.63 2.65 0.88
NsGs 1.34 0.29 2.25 212 0.62
NsGq 1.34 0.32 218 2.09 0.65
NsGs 1.47 0.39 276 13.00 0.75
NsGe 1.53 0.40 2.78 2.99 0.77
NsGo 146 036 2.67 2.21 0.62
NsGi 1.66 0.39 2.93 3.05 0.98
NeG: 169 0.39 2.81 3.07 1.06
N&Gs 142 0.32 238 2.24 0.64
N¢Gs 1.43 0.32 2.46 2.06 0.86
NeGs | 1.72 0.43 2.93 3.58 0.96
NeGs 1.69 0.43 2.96 363 0.81
CD(0.05) 0.077 0.077 0.222 0183 0.133
SEm 0.027 0.027 0.079 0.065 0.047
N; -NPK 10:10:10 -0.1% Go-Comrol
N;-NPK 10:10:10-0.2% -G, - BA 100 ppm
N3 -NPK 20:10:10-0.1% G- BA 200 ppm
N, -NPK 20:10:10 - 0.2%  Gs - GA; 10 ppm
Ns - NPK 30:10:10-0.1% G, - GA; 20 ppm
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4.1.2.6.1 Main effect of nutrients, frequency of application and growth regulators
(Table 37) ' , :

Among the nutrients applied, NPK 20:10:10 at 0.2 per cent was found to
be superior in terms of copper content (16.68 ppm), closely followed by a content of
15.54 ppm detected in plants sprayed with NPK 1:'0:10:10 at 0.2 per cent. Least
- recorded value for copper was 8.29 ppm in plants sprayed with NPK 20:10:10 at 0.1

per cent.

Copper was found in appreciably higher quantities in the case of plants
sprayed twice a week (15.17 ppm) compared to 6.94 ppm recorded in the weekly

once application.

Among growth regulators JAA 500 ppm treated plants had the hlghest
content of copper (1'6.42 ppm) followed by 250 ppm IAA (13.8 ppm). Least copper
~ content (7.88 ppm) was recorded in plants treated with no growth regulator, which
was also recorded in the case of GA; at 20 ppm (7.92 ppm).

4.1.2.6.2 Interaction effects _

Interaction was evident between nutrients and frequehcy of application
(Table 38). Maximum value for copper content was seen in the combination of NPK
30:10:10 at 0.1 per cent applied weekly twice (20.57 ppm) followed by 13.40 ppm
for NPK 20:10:10 at 0.2 per cent in the combination. For application of nutrients
weekly once, NPK 30:10:10 at 0.2 per cent gave maximum value of 12.43 ppm for
copper. In general the Cu content was higher for higher frequency (weekly twice) of
lower concentration of nutrients compared to lower frequency (weekly once) of

higher concentration of nutrients.

Copper content showed detectable differences when combinations of
nutrients and growth regulators were applied (Table 39). Highest value recorded

o2



was 25.50 ppm for BA 200 ppm, applied along with-NPK 30:10:10 at 0.2 per cent.
Copper content observed in the plants given IAA 250 ppm, IAA 500 ppm and BA
100 ppm in the combination gave 25.00 ppm, 24.00 ppm and 23.50 ppm copper,
which were on par with the former. Least copper content of 3.00 ppm was observed
when combination of NPK 10:10:10 at 0.1 per cent with BA 100 ppm, GA 20 ppm
and growth regulator control was applied. Highest copper content of 23.17 ppm was
recorded in plants, which received nutrients weekly twice and IAA 500 ppm.
Loweét content of 5.08 ppm was observed in the case of weekly once application

nutrients and growth regulator control (Table 40).
4.1.2.7 Iron content

Data pertaining to iron content in aerial parts of dendrobium var. Sonia 17
as influenced by treatments and their combinations are presented in Tables 37 to 40

4.1.2.7.1 Main effect of nutrients, frequency of application and growth regulators
(Table 37)

Iron content was found to vary with varying nutrient concentrations
applied. NPK 10:10:10 at 0.1 per cent gavé maximum iron content of 882 ppm
which was significantly supeﬁor to other nutrient doses. Minimum iron content
422 ppm was recorded in the case of NPK 10:10:10 at 0.2 per cent.

Weekly twice apphcatlon of nutrients gave noticeably hlgher amounts of
Fe (520 ppm) compared to weekly once treatment (428 ppm).

Among the growth regulators tried, JAA 500 ppm gave the highest iron
content (610 ppm). Least quantity of Fe was reported in treatment with no growth
regulator (386 ppm). '

183
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4.1.2.7.2 Effect of treatinent combinations

Highest iron content of 574 ppm was observed when NPK 30:10:10 at
| 0.1 per cent was applied twice a week (Table 38 and Fig. 4). In general, the Fe
content was higher for higher frequency (weekly_twice) of lower concentration of
nutrients, compared to lower frequency (weekly once) of higher concentration of

nutrients.

For nutrients and growth regulators in combination, tron content observed
was highest (872 ppm) for IAA 500 ppm, applied with NPK 30:10:10 at 0.2 per
cent, followed by IAA 250 with the same nutrient cohcentration giving 809 ppm
iron (Table 39). Least content of iron (323 ppm) was observed in the case of NPK
10:10:10 at.O.l per cent without growth regulators. GA;, both at 10 ppm ‘and
20 ppm, were not found to enhance iron content with any of the | nutrient

concentrations applied.

Iron content was found to véry with growth regulator when applied along
with different frequencies of nutrient application (Table 40). Highest iron was
recorded in 1AA 500 ppm applied plants (659 ppm) in the case of weekly twice
application of nutrients, followed by 632 ppm in the:-case of IAA 250 ppm in the
above combination, which were on par. In the case of weekly once appﬁqaﬁon of
nutrients, highest iron content (418 ppm) was observed in the case of BA 200 ppm,
followed by 397 ppm in the case of BA 100 ppm. Least iron content was recorded
when TAA 250 ppm was combined with weekly once application of nutrients

(338 ppm).
4.1.2.8 Zinc content

Data pertaining to zinc content in the aerial parts of dendrobium var.

Sonia 17 are presented in Tables 37 to 40. .



4.1.2.8.1 Main effect of nutrients, growth regulators and frequency of application

Among the different nutrient doses studied NPK 10:10:10 at 0.1 per cent

was observed to give maximum zinc content of 482 ppm, followed by NPK

(05

30:10:10 at 0.1 per cent recording 389 pprh. Minimum zinc content (210 ppm) was

recorded in the plant fertilized with NPK 20:10:10 at 0.2 per cent.

Zinc content was found in significantly higher levels of 281 ppm when
nutrient application was twice a week compared to 232 ppm when application was

once a.week.

Among the different growth regulators tried, maximum zinc (291 ppm)
was found to be recorded in the case of IAA 500 ppm, closely followed by BA
200 ppm (289 ppm Zn) and IAA 250 ppm (283 ppm Zn). Least recorded value was
" in plants supplied with GA3 20 ppm (222 ppm). ]

4.1.2.83.2 Effect of treatment combinations

®

In the combination of nutrients and frequency of application, weekly

twice application with NPK 30:10:10 at 0.2 per cent exqelled in terms of Zn content
(371 ppm) which was significantly superior to other treatments (Table 38 and
Fig. 4). Least value was recorded in plants fertilized weekly once using NPK
20:10:10 at 0.2 per cent (189 ppm). In the combination of nutrients and growth
regulators, BA 200 ppm combined with NPK 30:10:10 at 0.2 per cent gave
maximum Zn concentration of 416 ppm (.Table 39). Significant differences were
seen only when lower concentration of nutnients wege applied in the combination.
Minimum Zn content of 107 ppm was recorded in the case of NPK 10:10:10 0.1 per
cent, applied with no growth regulator. Effect of growth regulators was significantly
different when applied with different frequencies of nutrient application (Table 40).
With weekly twice application of nutrients IAA 500 ppm gave 313 ppm Zn, which
- was the maximum recorded value followed by 312 ppm in the case of BA 200 ppm
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in the combination. For weekly once spraying GA; 20 ppm recorded the maximum
Zn content of 281 ppm. Lowest Zn content (175 ppm) was observed in the case of

growth regulator control.
4,1.2.9 Manganese content

Data pertaining to content of Mn in the plant parts of dendrobmm var.

Sonia 17 are presented 1n Table 37 to 40

41291 Man effect of nutrients, frequency of apphcatlon and growth regulators
(Table 37)

Manganese content was found to increase with the increase in nutrient
dose applied. Maximum content of 801 ppm was rezéorded in plants which received
NPK 30:10:10 at 0.2 per cent which was significantly superior to-all other
treatments. NPK 10:10:10 at 0.1 per céni recorded the lowest Mn content of

148 ppm.

Weekly twige application of nutrients recorded significantly higher Mn
content of 700 ppm, compared to 110 ppm detected in plants receiving nutrients

weekly once.

Among the growth regulators tried, IAA 500 ppm gave the highest Mn
content of 479 ppm. IAA 250 ppm and BA 200 ppm recorded values on par with it
(477 ppm and 439 ppm, respectively).

4.1.2.9.2 Interaction effects

NPK 30:10:10 at 0.2 per cent applied weekly twice recorded highest Mn
content of 956 ppm (Table 38 and Fig. 4). NPK 30:10:10 at 0.1 per cent recorded
927 ppm Mn, which was on par with the above. Lowest Mn content of 76 ppm was
recorded in the case of NPK 10:10:10 at 0.1 per cent, applied weekly once. In



general, the Mn content was higher for higher frequency (weekly twice) .of lower
* concentration of nutrients, compared. to lower frequency (weekly once) of ‘ higher
concentration of nutrients. Plants, which received IAA 250 ppm and nutrients
weekly twice, were found to have the highest Mn content of 837 ppm. IAA
500 ppm substituted in the above combination recorded 830 ppm of Mn which was

on par with the above.

Among the combination of nutrients and growth ‘regulatdrs, maximum
‘Mn content observed was 983 ppm 1n ’the plants which received NPK 30:10:10 at
0.2 per cent and IAA 500 ppm (Table 39). IAA 256 ppm énd BA 200 ppm along
with the same nutrient concentration gavé values for Mn content on par with the

superior one (948 ppm and 821 ppm, respectively).

4.13 Uptake of major nutrients
4.13.1 Uptake of Nitrogen

Data pertaining to nitrogen uptake as influenced by various treatments

and their combinations are presented in Table 41 to 44.
4.1.3.1.1 Main effect of nutrients, frequency and growth regulators

Nitrogen uptake was found to be influenced significantly by nutrient
doses applied. With increase in nitrogen applied uptake was found to increase
significantly. NPK 30:10:10 at 0.2 per cent excelled all other treatments with
* respect to nitrogen uptake (9.62 g). '

Nitrogen uptake in plants applied twice weekly with nutrients recorded an

uptake of 9.93 g, which was significantly superior ito that in plants applied with
- nutrtents weekly once (2.11 g). _

Among the growth regulator treatments also significant differences were

recorded with respect to nitrogen uptake. Highest value recorded was 6.20 g for BA

[0F
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Table 37. Concentration of micronutrients (ppm) in,dendrobium var. Soma 17 as
influenced by nutrients (concentration and frequency of application) and

growth regulators

[ Treatments , Cu Fe Zn Mn
Nutrients _
NPK 10:10:10 - 0.1% 1 1392 882 482 148
NPK 10:10:10 - 0.2% 15.54 422 235 238
NPK 20:10:10 - 0.1% 8.29 431 258 285
NPK 20:10:10 - 0.2% 16.68 476 210 426
NPK 30:10:10 - 0.1% 1539 .| 524 389 523
NPK 30:10:10- 0.2% 12.50 608 344 801
CD(0.05 | 0708 | 1395 | 13.90 6.7
SEm + 0273 | 496 4.94 24
Frequency
Weekly twice - 1517 | 520 281 700
Weekly once ' 6.94 428 232 110
CD(0.05) 0442 | 801 | 798 39
SEm + 0.158 2.86 2.85 14
Growth regulators
Control = - 7.88 386 268 270
BA100ppm 1058 | 443 270 | 405
BA 200 ppm 12.08 464 289 439
GA; 10 ppm 8.75 424 233 355
GA; 20 ppm 1 192 405 222 401
TIAA 250 ppm 1375 585 283 477
IAA 500°'ppm 16.42 610 | 291 479
CD(0.05) 0.830 15.1 15.02 7.3
SEm =+ | 0295 5.4 534 | 26
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Table 39. Concentration of micronutrients (ppm) in dendrobium var. Sonia 17 as
mfluenced by combinations of nutrient concentration and growth

regulators

Treatments Concentration of nutrients (ppm)

Cu " Fe Zn Mn
N:Go 3.00 323 107 103
NG 3.00 349 194 140
NiG: , 425 - 364 206 159
NiGs 3.50 359 166 096
NiGs : 3.00 349 151 176
NGs 5.00 465 | 219 178
N:Gs 5.75 466 233 189
N;Go 4.50 352 | 153 184
N:G; 5.25 425 © 212 201
N,G; 575 424 237 373
N:Gs. | 4.50 388 229 182
Na2Gq - 425 369 205 217
N,Gs 650 490 . 301 250
N3Gs 8.00 505 312 260
NiGo 7.25 355 192 207
N;Gi 7.75 395 260 249
N3Gz 8.50 489 279 256
NsGs 6.75 396 271 251
N3G 5.75 380 281 320
NiGs - 10.50 522 251 391
NGs 11.50 533 a1 319
NiGo 8.00 384 240 243
NG 10.00 434 C252 489
NiGz 11.50 466 265 489
NGs 8.50 431 171 362

4 Contd



Table 39. Continued

Ty

N, - NPK 20:10:10 - 0.2%
Ns - NPK 30:10:10 - 0.1%
Ns « NPK 30:10:10 - 0.2%

G; - GA; 10 ppm -

G4 - GA3 20 ppm
Gs - TAA 250 ppm
Gs - JAA 500 ppm

Treatments Cu Fe Zn Mn
N4Gs 7.50 414 170 373
N4Gs 13.50 587 185 514
N4Ge 15.75 614 190 514
NsGo 10.50 406 252 287
NsGi 14.00 502 324 575
NsGz 17.00 516 329 536
NsGs 12.25 478 293 465
N3Gy 11.50 459 269 662
NsGs 9.00 637 350 . 580
NsGe 23.50 670 345 558
NsGo 14.00 494 302 594
N6G1 23.50 552 378 779
NG 25.50 476 416 821
N¢Gs 17.00 493 371 775
NG 15.50 461 358 660
NeGs 28.00 809 391 948
NeGs 24.00 - 872 394 983
" CD(0.05) 2.032 36.9 36.78 17.8
SEm 0.723 13.1 13.08 6.3
N; -NPK 10:10:10-0.1% G, - Control
N.-NPK 10:10:10-02% G - BA 100 ppm
N; - NPK 20:10:10-0.1% G- BA 200 ppm
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200 ppm, followed by BA 100 ppm, which gave an uptake of 5.86 g. Minimum
value was shown by GA; 20 ppm (4.61 g) which is on par with the control
‘treatment (4.56 g).

4.1.3.1.2 Interaction effects N -

Interaction was significant in nutlients and application frequencies with
respect to uptaké of nitrogen (Table_. 42). ‘Highést uptake of nitrogen, when nutrients
were appliéd weekly twice (16.79 g), was observed with application of NPK
20:10:10 at 0.2 per cent, closely followed by 16.50 g in the case of NPK 30:10:10 at
0.2 per cent. For weekly once application frequency, nitrogen uptake of 4.45 g was
recorded when NPK 30:10:10 at 0.2 per cent was applied, which was significantly
superior. Minimum uptake of 0.94 g and 5.63 g was recorded for both weekly once
and twice application of NPK 10:10:10 at 0.1 per cent. In general, the N uptake was
higher for higher frequency (weekly twice) of lower concentration of nutrients

compared to lower frequency (weekly once) of higher concentration of nutrients.

For combination of nutrients and growth regulators significant differences
could be observed (Table 44). For NPK 10:10:10 at 0.1 per cent, BA 100 ppm gave
highest value for uptake (3.15 g) while it was BA 200 ppm in the case of NPK
10:10:10 at 0.2 per cent (uptake of 3.90 g). In the case of NPK 20:10:10 at .0.1 per
cent, N uptake was as high as 5.27 g when BA 200 ppm was sprayed, where as [AA
250 ppm was more effective when combined with NPK 20:10:10 at 0.2 per cent. In
plants sprayed with NPK 30:10:10, BA 200 ppm »\:as found to be effective at bath
the levels of nutrients, viz., 0.1 per cent and 0.2 pér cent (N u/ptake of 8.13 g and

11.73 g, respectively).

Nitrogen uptake was found to show marked differences with combined
effect of growth regulators and nutrient application frequencies (Table 43).
Maximum uptake was observed for plants treated with BA 200 ppm (11.55 g) when

3



nutrients were applied weekly twice. Minimum uptake was recorded for growth

regulator control for weekly once application (1.75g).
4.13.2 Phosphorus uptake

* Plant showed differential responses to different treatments and their

combmatlons with respect to phosphorus uptake Data pertammg to uptake of

phosphorus are presented in Table 41 to 43 and 45

41321 Main effect of nutrients, frequency of apphcailon and growth regulators
(Table 41) :

: Ilﬁ_'n

Uptake of phosphorus was found to increase with increase in the nutrient '

. concentration applied. Highest value of 2.31 g was recorded when NPK 30:10:10 at
0.2 per cent was applied, which was significantly superior to all other treatments.
- Lowest P uptake of 0.58 g was observed in plants fertilized with NPK 10:10:10 at

0.1 per cent.

"\
3

Significant increase ‘in P uptake: was obtained when nutrients were

applied twice a week (2.39 g),v compared to weekly once application (0.40 ;'g); '

Different growth regulator treatments had significant influence on P
'uptéke in dendrobium var. Sonia 17. Maximum value was 1.46 g recorded for IAA
500 ppm, which was significantly superior to all other treatments. This was
followed by BA 200 ppm, which recorded an uptake of 1.38 g. Lowest P uptake of
0.98 g was observed for GA3 20 ppm. : | |

4.1.3.2.2 Effect of treatment combinations

Combination of nuirient concentrations and frequency of application
significantly influenced the P uptake in the plants (Table 42). Highest value (4.22 g)
was recorded 1n the plants treated with combination of NPK 30:10:10 at 0.2 per



cent, applied weekly twice. Minimum uptake of 0.18 g was observed when NPK
10:10:10 at 0.1 per cent was applied weekly once. In general, the P uptake was
higher for higher frequency (weekly twice) of lower concentration of nutrients,

compared to lower frequency (weekly once) of higher concentration of nutrients.

The combination of BA 200 ppm gave highest P uptake when nutrient

15"

concentrations of NPK 30:10:10 at 0,2 per cent was applied, which was -

significantly superior (2.71 g) to all other ‘cornbina}tions (Table 45). For all other
nutrient concentrations, icombination, of IAA 500 i)pm gaive highest P uptake of
071g,098¢g 121g, 1.56 and 1.99 g, r,especﬁvezyi with increase in nutrient dose.
Lowest P uptake was seen for GA; 20 ppm with all nutrient doses, having values
047 g, 0.50 g, 0.81 g, 1.15 g, 1.42 g and 1.84 g, respectively, with increase in

nutrient dose apphed.

Interaction was evident between growth regulators and frequency
of nutrient application (Table 43). Maximum P uptake was recorded when IAA
500 ppm was applied for plants treated with nutrients, weekly twice (2.88 g). For
weekly once application-of nutrients BA 200 ppm was found to give maxxmum P
uptake of 0.49 g. Minimum P -upfake (0.30 g) was recorded for growth‘regulator

control.

4.1.3.3 Uptake of potasstum

Data pertaimng to the uptake of potassium as influenced by various

treatments and their combinations are presented in Tables 41 to 43 and 46.

4.1.3.3.1 Man effect of nutrients, frequency of apphcatlon and growth regulators
(Table 41)

Potassium uptake was found to- increase with increase in the nutrient

concentration applied. Higﬁest value recorded was 15.98 g in plants treated with
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NPK 30:10:10 at 0.2 per cent, followed by NPK 30:10:10 at 0.1 per cent (11.64 g).
Least value recorded was 4.02 g corresponding to NPK 10:10:10 at 0.1 per cent.

Frequency of nutrient application produced distinguishable differences in
K uptake. 13.05 g of K was the uptake recorded for weekly twice application of

nutrients whereas weekly once application recorded an uptake of 4.89 g of K.

Among the growth regulators applied, maximum K uptake of 9.98 g was '
observed in plants treated with IAA 500 ppm. BA 200 ppm recorded a value of -

9.95 g which was on par with the above. Lowest uptake was 7.30 g for GA3 20 ppm
and it was 6.29 g in the case of plants which were not supplied with any growth

regulators.
4.1.3.3.2 Interaction effects

- Nutrient concentrations and frequency of application produced significant
effect on K uptake (Table 42). Méximum uptake of 25.53 g was recorded for NPK
30:10:10 at 0.2 per cent, applied weekly twice. For weekly once application also
NPK 30:10:10 at 0.2 per cent was found to be the best combination, recording
8.57 g K uptake. In gen;eral, the K uptake was higher for higher frequency (weekly
twice) of lower concentration of nutrients compared to lower frequency (weekly

once) of higher concentration of nutrients.

Combination of BA 200 ppm with NPK 30:10:10 at 0.2 per cent was
significantly superior to all other combinations with respect to K uptake, which
recorded .19.50 g (Table 46). Lowest K uptake (3.19 g) was observed in plants
which received a combination of NPK 10:10:10 at 0.2 per cent without any growth
regulator. ‘ForNPK 10:10:10, at both lower and higher levels, better combination
effect was observed with IAA 500 ppm recording the values 4.71 g and 5.92 g,
respectively. However, in plants fertilized with NPK 20:10:10 at both lower and

e



‘Table 41. Uptake of major nutrients (g/plant) in dendrobium var. Sonia 17 as
influenced by nutrients (concentration and frequency of application) and

growth regulators
Treatments Nutrient uptake (g/Llaht)
N . P K
Nutrients
NPK10:10:10 - 0.1% 2.81 0.58 4.02
NPK10:10:10 - 0 2% 3.46 0.79 501
NPK20:10:10 -0 1% 454 ' 1.02 747
"NPK20:10:10 - 0 2% 5.71 1.32 9.24
NPK30:10:10 - 0 .1% 6.93 1.63 11.64
NPK30:10:10 - 0 2% 9.62 2.31 15.98
| CD(0.05) 0.194 ©.019 0.037
SEm+ 0.069 0.007 0.013
Frequency :
Weekly twice 9.93 239 13.05
Weekly once 2.11 - 0.40 4.89
CD (0.05) 0.194 0.034 0.059
SEm:+ 0.069 0.012 0.021
Growthtegulators. :
Control 4.56 1.03 6.29
BA 100ppm 5.86 1.24 9.29
BA 200ppm 6.20 1.38 9.95
GAs 10ppm 4.90 102 7.47
GAs 20ppm 461 098 730
1AA 250ppm 5.56 1.34 9.42
IAA 500ppm 5.67 1.46 - 9.78
CD(0.05) 0.056 0.020 0,039
SEmg 0.02 0.007 0.014




Table 42. Uptake of major nutrients (g/plant) in dendrobium var. Soma 17 as
influenced by combinations of nutrient concentration and frequency of

application
| Treatment Nutrient uptake (g/plant)
N ' P K
Weekly | Weekly | Weekly | Weekly | Weekly | Weekly
once twice once twice once twice
NPK10:10:10 - 0.1% 0.94 5.63 0.18 1.19 2.62 5.46
NPK10:10:10-0 .2% 1.24 6.67 0.25 1.52 3.35 6.86
NPK20:10:10-0.1% 1.70 8.67 0.33 2.06 422 11.54
NPK20:10:10 - 0 .2% 2.20 16.79 0.40 2.70 491 14.84
NPK30:10:10-0 .1% 2.86 12.73 0.51 3.37 5.83 19.41
NPK30:10:10 -0 2% 445 16.50 0.86 422 8.57 25.53
CD(0.05) 0.039 0.042 - 0.047
SEm:: 0.014 0.015 0.017

Table 43. Uptake of major nutrients (g/plant) in "dendrobium var. Sonia 17 as
influenced by combinations of growth regulators and frequency of nutrient

application
Treatment Nutrient uptake (g/plant)
N P K
Weekly Weekly Weekly | Weekly Weekly | Weekly
once twice once . twice once twice

Control 1.75 8.75 0.30 2.14 4.00 8.85
BA 100ppm 2.26 10.90 0.40 -2.45 5.15 14.66
BA 200ppm 2.41 11.55 0.49 272 | 5.6l 1551
GA; 10ppm 2.02 9.02 0.37 2.02 4.52 10.87
GA; 20ppm 1.90 8.40 0.35 1.88 435 10.92
IAA 250ppm 2.45 10.50 0.43 273 5.03 15.12
IAA 50Qppm 2.26 10.52 0.48 288 | 536 15.97
CD(0.05) | 0.39 0.022 0.674
SEmt 0.14 0.008 0240
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Table 44. Uptake of nitrogen (g/plant) in dendrobium var. Sonia 17 as influenced by
combinations of nutrient concentration and growth regulators

Treatment . Up{ake of nitrogen (g/plént)

N N1 N2 N3 N4 N5 N6
Control» 2.46 3.14 3.94 5.17 6.15 1.47
BA 100ppm 3.15 3.76 5.14 5.97 7.46 10.81
BA 200ppm 3.06 3.90 527 6.64 813 | 11.73
GAsz 10ppm 2.74 3.40 4.14 5.15 6.23 8.45
GA;3 20ppm 2.53 2.96 3.86 5.11 5.96 8.12
TAA 250ppm 297 3.48 4.83 6.65 7.16 - 10.54
1AA 500ppm 296 3.63 471 5.99 7.60 10.56
CD(0.05) ' 0.702
SEm+ 0.250

Table 45. Uptake of phosphorus (g/plant) in dendrobium var. Sonia 17 as influenced

by combinations of nutrient concentration and growth regulators

Treatment Uptake of phosphorus (g/plant)

N1 N2 N3 N4 N5 N6
Control 0.40 0.70 - 0.91 1.25 1.45 1.84
BA 100ppm ©0.48 0.63 1.11 1.31 166 | 254
BA 200ppm 0.56 0.81 1.13 147 1.86 2.71
GAs 10ppm 0.69 0.65 0.90 1.11 1.35 1.90
GA; 20ppm 0.55 0.50 0.81 1.15 1.42 - 1.84
TIAA 250ppm 0.47 0.87 1.07 1.40 1.89 2.64
1A A 500ppm 0.71 0.98 1.21 1.56 1.99 2.69
CD(0.05) 0.028
SEm+ 0.011

NI -NPK10:10:10 - 0.1%
N3 - NPK20:10:10- 0 .1%

N5 - NPK30:10:10-0.1% -

N2 -NPK10:10:10 -0 .2%
N4 - NPK20:10:10-0 .2%
N6 - NPK30:10:10 - 0 .2%
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higher levels BA 200 ppm was found to be a better combination with uptake of
8.99 g and 11.20 g, respectively.

Influence of combination of frequency of application of nutrients and
~ -growth regulators was significant for K uptake (Table 43). Highest value of 15.97 g
was observed when plants wero treated with IAA 500 ppm and nutrient application
frequency was weekly twice. BA 200 ppm with the same application frequency
recorded an uptake of 15.51 g, which was on par with the above. Lowest K uptake

was recorded when plants fertilized weekly once ‘was gwen no growth regulator

(4.0g).
414 Days to flowering

Data on the effect of various nutrients and growth regulators in reducing

the preblooming period in dendrobium var. Sonia 17 are presented in Table 47.

4141 Main effect of combination of nutrients, frequency of apphcanon and
growth regulators

Among the treatment combinations earliest flowering was observed in

'plants.which received NPK 30:10:10 at 0.2 per cent applied weekly twice + BA

200 ppm (Plates 6a and 6b). These plants flowered in 300 da&rs after planting. Plants

which received NPK 20:10:10 at 0.2 per cent applied weekly twice + BA 200 ppm
flowered 308 days after planting. This was followed by NPK 30:10:10 at 0.1 per
cent, applied weekly twice + BA 100 ppm. NPK 20:10:10 at 0.1 per cent, applied
weekly twice + BA 200 ppm recorded flowering 3 13 days after plaoting (DAP).

In the plants that received NPK 30:10:10 at 0.2 per cent at weekly twice
frequency, IAA 250 ppm spray recorded flowering 406 DAP and IAA. 200 ppm
recorded flowering 448 DAP. In the case of NPK 30:10:10 at 0.1 per cent applied
weekly twice, IAA .250 ppm and 500 ppm recorded flowering 412 and 450 DAP. In

2
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Plate 6. Effect of highest level of nutrients + BA 200 ppm on flowering

| é) Compared with nutrients alone at the lowest level
b) Compared with nutrients alone at the highest level






Plate 7. Effect of highest level of nutrients + growth regulators on flowering.
From left - IAA 500 ppm, GA; 20 ppm, BA 200 ppm

Plate 8. Effect of higher levels of nutrients and BA 200 ppm on flowering.
From left (NPK 10:10:10, NPK 20:10:10 and NPK 30:10:10 at 0.2 per
cent applied weekly twice)






Plate 9. Effect of BA 200 ppm on flowering.
- From left (NPK 10:10:10 - 0.1%, NPK 10:10:10 - 0.2%, NPK 20:10:10 -
0.1%, NPK 20:10:10 - 0.2%, NPK 30:10:10 - 0.1%, NPK 30:10:10 -

S e S






the case of NPK 20:10:10 at 0.1 and 0.2 per cent applied weekly intervals and NPK
10:10:10 at 0.2 per cent too, the combination with IAA 250 ppm andIFSO_O ppm,
respectively, flowered next to the combination with BA 200 ppm and 100 ppm. The
effect of highest level of nutrients + growtlr regulators on flowering can be seen
from the- Plate 7. |

In plants which recewed NPK 30 10:10 at 0. 2 per cent. and O 1 Qer cent,

NPK 20:10:10 at02percentand01 percentandNPK 10: 1010at02percent
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which did not receive any growth regulator, (growth regulator control)_ ﬂowermgv K |

was recorded 449, 474, 462, 503 and 521 DAP, respectively.

Flowering was not observed in plants that received nutrients wee:kly onee;
except a few. Flowering was observed. in plants which received NPK'I ‘0“'1‘0'10 at
0.2 per cent, NPK 20:10:10 at 01 percentand02percentandNPK 30 10; 10at
0.1 per cent and 0.2 per cent whtch also recetrved BA IOO ppm or BA bOO ppm
(Plate 8 and 9). In plants whtch recerved NPK 30:10: 10 at 0.2 per cent and NPK
20:10:10 at 0.2 per cent at weekly once frequency IAA 250 pPpm in eombmatlon
also induced flowering. ' - .

4.2 Improvement of ﬂ()wer yleldand qrra]rty R i :

Data generated from the expenments conducted to study the! eﬂ'ect ofi i

nutrients and growth regulators on ﬂower y1e1d and quahty of dend.t‘olplum var ‘

Sonia 17 are presented n thls chapter : - _ mn f |
421 Number of spikes per-plant i ; |

Data pertaining to number of spikes produced per plant in dendrobiuni

var. Sonia 17 as influenced by various treatments and their combiriaﬁOns fare; L

presented in Tables 48 to 51+



42.1.1 Main effect of nutrients, frequency of application and growth regulators

Nutrients and their concentrations markedly influenced the number of
spikes produced in dendrobium var. Sonia 17. During the period of seven months
after the initiation of the tnial, 5.62 spikes were produced cotresponding to the
application of NPK 10: 20:20 at 0.2 per cent, ‘which Wwas srgmﬁcantly supenor to all
other nutrient levels. NPK 10: 20:10 at 0. 2 per cent’ closely followed, producmg 5. 51

spikes per plant. Least number of sprkes was observed in the plants supphed w1th

NPK 10:10:10 at 0.1 per cent (4.07 sp1kes)

‘ o |
Nutrients applied weekly twice produced 5. 21 splkes whrch was

significantly superior to weekly once apphcatmn (4.00 splke per plant).

Among the growth regulator treatments significantly higher number of
spikes (5.26) was recorded in plants which recerved BA 100 ppm.. Thrs was
followed by BA 50 ppm, which produced 4 90 sp1kes per plant. Lowest number of
spikes was produced by GA; 10 ppm (0. 85) ) | : 3‘ ;;; o

FET
o

4212 Interaction eﬁ'ects _‘

'
!

Nutrient concentratron in combmatlon w1th frequency of apphcahon

produced distinguishable differences m, splke productlon (Table 49). ‘Maximum
number of spikes (5.61) was recorded in plants that received NPK 10: 20 10 at 0.2
per cent weekly twice. NPK 10:20:20 at 0; 2 per cent and NPK 10:20: 1013t 0.1 per
cent, both applied weekly twice, recorded values on par with the above (5 56 and

5.40, respectively). Least value recorded was 4.18, in the case of NPK 10 10 10 at ‘

0.1 per cent, applied weekly once.

Number of spikes per plant showed detectable differences in response to

combination of growth regulators-and-ﬁ'eque‘ncy of nutrient application.i Maximum



which received nutrients twice weekly. This was closely followed by 5.22 spikes

corresponding to BA 50 ppm in the case of plants, which received nutrients weekly
twice. Lowest value (3.91) for number of spikes was produced for GA3 20 ppm +

-weekly twice application of nutrients.

In the combination of nutrients and growth regulators NPK 10'20'10 at
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0.2 per cent apphed weekly twice + BA 100 ‘ppm produced 6. 49 splkes whlch was -

significantly superior to other treatment combmauons This was followed by 629

spikes produced by the treatment the eombmauon of NPK 10:20: 10 at 0.1 per cent
+ BA 100 ppm. Least number of spikes (4.34) was produeed by NPK l(}):l_(,)_:lO"at
0.1 per cent, applied weekly once + growth regulator control. - o "

4272 Number of florets

Data pertaining to number of ﬂorets per spike in-dendrobium l var. Sonia
17, as influenced by various treatments and their combinations are presented in

Tables 48 to 52.

42.1.1 Main effect of nutrients, frequency of applrcatlon and growth regulators
(Table 48) ‘

Nutrients showed diﬂ"erentiall_',inﬂuences on the number of florets per

spike. Maximum number of floret's' (7 63)- was obtained in plants treatedi\tavith NPK

10:20:20 at 0.2 per cent. Mmrmum number of florets (6.94) was recorded in plants
which received NPK 10:10:10 at O 1 per cent After seven months oftr&mnent 7.53 .
florets were recorded when plants were fertilized twice a week, which ' was reduced -

to 6.90 florets when fertilizer appllcatron was done 6nly once a week.

- Number of florets was: found to differ with growth regulator treaiments i

Increase in number of ﬂorets was observed in plants treated with BA at 50 andl '

100 ppm, being more pronounced 1n.the.case of BA 100 ppm. Maximum !_nur:nber of -



florets was recorded in plants, which received BA 100 ppm (8.46). This was
followed by 7.95 florets in plants, which received BA 50 ppm. The combination of
BA 50 ppm + GA 10 ppm was on par with this.(7.76 florets after seven months of
treatment). Minimum number of florets (6.39) was recorded m the case of GA

20 ppm. The control treatment produced 6.80 florets’

4212 Effect of treatment combiﬁaﬁ@ig;'_

2%

Combination of nutrients and frequency of application srgmﬁcantly

improved the number of florets in dunng the penod of seven months after the
initiation of the trial. NPK 10:20:20 at 0.2 per cent was produced max1mum number
of florets (8.29), closely followed by 8.;] ?':ﬂorets produced by NPK 102010 at 0.2

per cent and NPK 10:20:20 at 0.1 per cent For weekly once Sprayingfof nutrients

NPK 10:20:10 at 0.2 per cent gave maxrmum number of florets (7.10) wtuch was

on par with other treatments, except NPK lO 10:10 at 0.1 and 0.2 per cent (6 82 and
6.80 florets, respectively). : ‘

Combination of growth regulators with nutrients gave SIgmﬁcant

difference 1n number of florets per splke It was observed that BA 100 ppm gave
significantly higher number of florets (9.75) when combmed with NPK' 10:20:10 at

0.2 per cent. NPK 10:20:20 at 0.2 per cent gave 8.96 florets. Number of florets was

less in plants treated with GA; 20 ppm in combination with all the nuqient doses
(6.42, 6.54, 6. 33 6.29, 6.59 and 6.17 ﬂorets respectively, with increase m nutrient
doses) '

The effect of growth regulators differed significantly with the ﬁeﬁuency of
nutrient application. More number of florets was produced (9.25) when plants were
supplied with BA 100 ppm combined with the application of nutrients twice
weekly. BA 50 ppm substltuted n the above combination gave 8.50 ﬂorets



423 Spike length

Data pertaining to length of flower spikes in dendrobium var. Sonia 17 as

influenced by trealments individually and combmatlons are presented in Tables 48

‘

t051 and 53.

4231 Main effect of nutrients, frequency of application and growth regulators
(Table 48)

Nutrient doses of NPK 10:20:;1‘0 at 0.2 per cent gave maxunmn spike
length (45.05 c¢cm) after seven months of nutrient application. NPK 10;20:20 at 0.2
per cent produced spikes of length 44.49 cm, which was on par with the above.
Minimum spike length of 43.66 cm was recorded in plants receiving NPK 10:10:10
at 0.1 per cent. .
Application of nutrients weekly thce showed an increase in splke length,

which was significantly superior to weekly once application (46.32 cm). -

Among the growth regulators tried, maximum length of 'spiké t48.89 cm)
was recorded in response to GA; 20 ppm at seven months after” treatment.
Gibberellic acid at 10 ppm produced spikcs having length of 47.51 cm. Spike length
was minimum (41.05 ¢m) in blmts which received no growth regulator treatmcnt

4232 Interaction effects "

Combination of nutrients and their frequency of apphcaqon showed
significant mfluence on spike length in dendrobium (Table 49). Max1mum value
for spike length was recorded in NPK 10:20:10 applied weekly twice (47.33 cm).
This was followed by NPK 10:20:20 at 0.2 per cent, which gave a spike length of
46.70 cm when sprayed weekly twice, which was on par with the above. Weekly
once spraying gave maximum spike leﬁ@tﬁ of 42.77 cm when NPK 10:20:10 at 0.2

per cent was used.

12y



Interaction of nutrients and growth regulators was evident with respect to
spike length (Table 50). Longest si)ikgs were observed in combination of NPK
10:20:20 at 0.2 per cent with GA; 20 ppm (50.30 cm). GA; 20 ppm with NPK
10:20:10 at 0.2 per cent closely followed producing spikes of length 50.10 cm
and GA; 10 ppm + NPK 10:20:20 at 0.2 per cent gave 49.65 cm which were on
par with the above. Growth regulators control gave spikes of length 4050 cm,

41,10 cm, 40.95 cm, 41.30 cm, 40.55 cm and 41.90 cm, respectively with ratios

NPK 10:10:10, 10:20:20 and 10:20:10 at 0.1 and 0.2 per cent, réépecﬁvdy.
Minimum spike length (40.20 cm) was observed in combination of BA 25 ppm +
GA; S'ppm with NPK 10:20:10 at 0.1 per cent.

Significant differences were present in the combination of growth
regulators and frequency of application of nutrients (Table 51). Spike length was
- maximum (52.37 cm) in plants applied with nutrients weekly twice and treated with
GA; 20 ppm and 45.52 cm in plants applied with nutrients weekly once. Least
values for spike length was obtained for BA 25 ppm + GA; 5 ppm in the case of
plants applied with nutrients weekly once (40.78 c¢m). For plants applied
with nutrients weekly twice, least spike length was recorded when treated with BA
50 ppm + GA; 10 ppm (41.97 cm).

Interaction of nutrients, frequency of appiication and growth regulators
was evident for spike lengtlll(Table 53). Maximum spike length was rgcorded for
NPK 10:20:20 at 0.2 per cent aplied weekly twice along with GA3 20 ppm (55.40),
which was on par with NPK 10:20:2_0 at 0.2 per cent weekly twice + GA; 10 ppm
(54.90). For NPK 10:10:10 at 0.1 per cent and 0.2 per cent applied weekly once,
BA 50 ppm gave the least spike length (41.10 cm and 39.80 cm, respectively). For

weekly twice. application of the same nutrient dose minimum spike length

was recorded for BA 50 ppm + GA3z 5 ppm (42.40 cm and 40.20 cm, respectively).
Similar trend followed in the case of NPK 10:20:20 at 0.1 per cent also. For
weekly twice application, BA 25 ppm + GAg 5 ppm produced the least spike length

IZgh



(43.10 cm). When BA 50 ppm + GA; 10 ppm substituted in the above combination.

the spike length was 40.80 cm. In NPK 10:20:10 at 0.1 per cent applied weekly
once, the effect of BA 50 ppm + GA; 10 ppm was the least (spike length of
40.70 cm). For the same nutrient concentration applied weekly twice 39.70 cm was
 the spike length recorded when BA 25 ppm + GA; 5 ppm was applied.

424 Stalk length ¢

Data pertaining to stalk length of flower spikes in dendrobium var.
Sonia 17 as influenced by treatments individually and combinations are presented in
Tables 48 to 51 and 54

42.4.1 Main effect of nutrients, frequency of application and growth regulators
(Table 48)

Significant differences in stalk length were not observed among nutrient -

treatiments.

Weekly twice application of nutrients excelled weekly once application
(24.02 ¢m) compared to a stalk lenth of 18.98 ¢cm observed in plants sprayed with

nutrients once weekly.

Among the growth regulatbrs applied, BA- 100 ppm was observed to be
distinctly superior to all other treatments (26.02 cm). BA 50 ppm produced spikes
with stalk length on par with it (24.80 cm). Least value for stalk length (18.80 cm)
was observed for BA 50 ppm + GAs 10 ppm. ;,,

4242 Effect of treatment combinations

Significant influence of combination of nutrient concentration and

frequency of application was observed after seven months of treatment (Table 49).

Maximum stalk length of 25.14 cm was fecorded for NPK 10:10:10 at 0.2 per cent -
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applied weekly twice. Least stalk length of 18.81 cm was for NPK 10:20:10 at 0.2

per cent applied weekly once.

When combination of putrients and growth regulators were tried

interaction was evident (Table 50). Maximum stalk length of 2645 cm was
recorded in plants that recerved BA 100 ppm + NPK 10:20:20 at 0.2 per cent,

which was significantly supenor Least stalk length of 18. 45 cm was observed in the

case of BA 25 ppm + GA; 5 ppm+NPK 10 20 10 at 0.1 per cent.

In the case of interaction of grthh regulators and frequency of nutrient |
apphcanon (Table 51), h1ghest value for stalk length (29 52 cm) was recorded in the

combination of weekly twice apphcatlon of nutrients ‘with BA 100 ppm.

Interaction of nutrient ooncehtr‘ations, frequency of application and
growth regulators was evident (Table 52). Maximum stalk length of 30.10 cm was
recorded in weekly twice application of NPK 10:20:20 at 0.2 per cent treated with

BA 100 ppm, followed by 29.90 cm recorded corresponding to NPK 10:10:10 at 0.1 |
per cent applied weekly twice and treated with BA 1 00 ppm. Least stalk length of

17.30 was observed in‘plants..applied with NPK 10:20:10 at 0.2 per cent weekly
once and sprayed with GA; 20 ppm. : |

425  Rachislength -

Data pertaining to length of rachis in spikes of dendrobium var. Sonia 17
as influenced by various treatments individually and in combination are presented in
Tables 48 to 51 and 55. |

4.2.5.1 Main effect of nutnents frequency of apphcatzon and growth regulators

(Table 48)

Among the nutnent doses tned, hlghestc rachis length was recorded m

plants treated with NPK 1020 1o at oz per cent (23.91 cm). Rachis length of

£



23.39 cm corresponding to NPK 10:20:20 at 0.1 per cent was on par with this. Least
length of rachis (21.59 c¢m) was observed in plants treated with NPK 10:1Q:10 at

0.2 per cent, which was distinctly inferior to rest of the treatments.

Nutrient applied weekly twice significantly increased rachis length up to
23.05 cm during seven months of application. Rachis length corresponding to

weekly twice application was 23.05 cm.

Among the growth regulators. tried rachis length of 25.17 cm was
produced corresponding to BA 50 ppm + GA; 10 ppm. GA; 20 ppm producing a
rachis length of 24.91 cm and GA; 10 ppm producing a rachis length of 24.31 cm

were on par with this.
4252 Interaction effects

Maximum rachis lehgth of 23.92 cm was observed in plants treated
weekly once with NPK 10:20:10 at 0.2 p‘ér cent (Table 49). NPK 10:20:10 at 0.2
per cent applied weekly twice produc_ed a rachis length of 23.91 c¢m, which was on
par with the above. | | : |

Combination of nutrient concentration andrl growth regulators was found to
significantly influence rachis ]ength (Table 50). Maximum value for rachis le;ngth
was recorded as much as 27.51 cm, corresponding to NPK 10:20:10 at 0.2 per cent
+ GA; 20 ppm. Minimum vah';e was aslow as 17.75 cm for NPK 10:10:10 at 0.1
per cent + BA 100 ppm. | v .'

[

NPK 10:10:10 at 0.1 per cent with BA 50 ppm + GA; 10 ppm gave a

rachis length of 26.05 ¢m, which was on par with the superior treatment.

Combination 6f ggowth regpl_:;tors and frequency of nutrient application

also had significant interactions (Table 51). Maximum rachis length was recorded



as 27.00 cm corresponding to combination of weekly twice application of nutrients
and BA SO ppm + GA; 10 ppm. For weekly onge nutrient application, growth
regulator, which produced maximum rachis length of 27.56 cm was GA; 20 ppm.
GA; 10 ppm was found to produce rachis length on par with this (26.58 cm).

Interaction of three factors was found significant at seven months after
treatment (Table 52). A maximum rachis length of 30.15 cm was produced by NPK
10:20:10 at 0.2 per cent applied weekly twice + BA 50 ppm + GA; 10 ppm. This
was closely followed by NPK 10:20:10 at 0.2 per cent sprayed weekly once + GAs

20 ppm, which gave a rachis length 30.16 cm. Several treatments were on par with .

this.
426 Internodal length
Data pertaining to internodal length of spikes in dendrobium var.

Sonia 17 as influenced by various treatments and their combinations are presented

in Tables 48 to 52 and 56.

4261 Man effect of nutriénts, frequency of application and growth r IS
(Table 48) :

«
i

Nutrient concentration of NPK 10:20:10 at 0.2 per cent recorded the

highest internodal length of 3.44 cm. NPK 10:10:10 at 0.1 per cent was on par with
the above producing a stalk length of 3.42 cm.

Internodal length was found to increase with increase in frequency of
nutrient application. Internodal length of 3.40 cm was observed in weekly twice

fertilized plants compared to 3.28 cm in the case of weekly once fertilized plants.

Among growth the regulators tried, highest internodal length was
recorded as 4.10 cm for GAs 20 pjjm treatment, which was significantly superior to
all other treatments. Internodal length was found to dectease significantly with
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‘continuous BA treatment. BA 100 ppm recorded the least intemodal length of
2.40 cm, followed by 2.65 cm for BA 50 ppm treatment.

42672 Interaction effects

Combined effect of nutrients and frequency of application was distinct in
the case of intemodal 1ei1_gth (Table 49). Maximum values of 3.58 cm was recorded
for weekly once applicatibn of NPK 10:20:10 at 0.2 per cent. NPK 10:20:10 at 0.1
per cent applied weekly once gave a length of 3.50 ¢cm at seven months after

treatment, which was on par with the superior one.

Combination of growth regulators and nutrient concentration had
significant influence on internodal length of spikes (Table 50). Highest value
recorded was 4.62 cm, which was significantly superior corresponding to
combination of GA; 20 ppm + NPK 10:20:10 at 0.2 per cent. Combination of BA
and nutn'ents”were found to reduce mnternodal length significantly. Least intermodal

length recorded was 2.18 cm for BA 100 ppm + NPK 10:20:20 at 0.2 per cent.

Highest value for internodal length (4.50 cm) was recorded for GA; 20
ppm and weekly once nutrient application (Table 51). Least value was recorded as

2.19 cm for combination of BA 100 ppm and weekly twice application of nutrients.

Interaction of all the three factors was significant with respect to the
internodal length (Table 52). Significantly superior internodal length of 5.14 cm was
recorded for the combination of GA; 20 ppm with'NPK 10:20:10 at 0.2 per cent
applied weekly once. Minimum value of 1.93 cm was recorded for BA 50 ppm +
NPK 10:20:20 at 0.2 per cent, applied weekly twice.

128



427 Spike girth

Data pertaining to girth of the stalk of spikes in dendrobium var.Soma 17
as influenced by various treatments and their combinations are presented in Tables

48 to 52 and 57.

42.7.1 Man effect of nutrients, frequency of application and growth regulators
(Table 48) ' _

‘ * Nutrient doses significantly influenced the spike girth in dendrobium.
Girth was as hlgh as 1.74 cm corresponding to 10:20:20 NPK at 0.2 per cent, which
was significantly superior. Minimum girth of the spike (1.51cm) was observed in
10:10:10 NPK at 0.1 per cent. '

Sigmificant difference was observed with respect to frequency of nutrient

application m the stalk of dendrobium spikes. Girth as high as 1.61 cm was

recorded when nutrients were applied weekly twice. This ‘was superior to girth .

observed in weekly once application (1.58 cm).

Arhong the growth regulator treatments,! signiﬁcant'diﬁ'erence mn stalk
girth was noticed immediatély after the treatments were imposed. BA was found to
enhance girth of stalk distinctly. Girth as high as 1.97 cm was recorded when the
plants were treated with the BA 100 ppm. This was closely followed by 1.93 cm for
BA 50 ppm spray which was on par with the abo;re. Stalk girth was minimum
(1.37 cm) for GA; 20 ppm application.

4272 Interé,ction effects

Combination of nutrients and frequency of application influenced girth of
stalk significantly (Table 49). Highest value was recorded in the plants which
received NPK 10:20:20 at 0.2 per cent weekly once (1.80 cm). Least girth recorded

'3j¢



Table 48. Floral characters in dendrobium var. Sonia 17 as influenced by nutrients
(concentration and frequency of application) and growth regulators (7%
month after treatment) :

0.300

No.of | No.of | Spike | Stalk | Rachis | Intemodal | Girth of
Treatments spikes | florets | length | length length length spike
(cm) | (em) | (cm) | (em) | (cm)
Nutrients
NPK 10:10:10 - 0.1% 4.07 7.04 | 4366 | 21.03 | 2258 3.42 1.51
NPK 10:10:10 - 0.2% 508 | 694 | 4367 | 22.03 | 21.59 331 1.52
NPK 10:20:20 - 0.1% 5.05 7.60 | 44.16 | 2090 | 23.39 3.28 1.60
NPK 10:20:20 - 0.2% 5.62 763 | 4449 | 2191 | 22.08 3.22 1.74
NPK 10:20:10 - 0.1% 5.18 722 | 4353 | 2138 | 22.39 3.29 1.61
NPK 10:20:10 - 0.2% 551 760 | 4505 | 21.09 | 2391 3.44 1.59
CD(0.05) 009 | 0267 | 0.782 | NS 0.902 0.067 0.065
SEm + 032 | 0.095 | 0.278 0.31 0.024 0.023
Frequency '
Weekly twice 5.21 753 | 4632 | 24.02 | 23.05 3.40 1.61
Weekly once 400 | 690 | 42.04 | 1898 | 2226 | 3.8 1.58
CD(0.05) 0.104 | 0.155 | 0452 | 0.711 | 0.615 0.640 0.017
SEm + 0.037 | 0.055 | 0.161 | 0253 | 0.219 0.228 0.006
Growth regulators
Control 4.08 6.80 | 42.05 | 19.05 | 21.88 3.37 1.58
BA 50 ppm 4.90 795 | 4353 | 2480 | 19.45 2.65 1.93
BA 100 ppm 526 | 846 | 4420 | 26.02 | 18.87 2.40 1.97
GA; 10 ppm 376 | 660 | 4751 | 2091 | 2431 3.83 1.39
GA; 20 ppm 3690 | 639 | 4889 | 2099 | 2491 | 4.10 137
BA 25 ppm + GA; 5 ppm 438 7.41 | 41.69 | 19.16 | 24.01 3.45 1.45
BA 50 ppm + GA; 10 ppm | 4.54 776 | 41.70 | 18.80 | 25.01 3.49 1.46
"CD(0.05) 0.104 | 0288 | 0.845 [ 1329 | 0.974 0.073 0.070
SEm + 0.037 | 0.103 0473 | 0347 0.026 0.025
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Table 50. Floral characters in dendrobium var. Soma 17 as influenced by
combinations of nutrient concentration and growth regulators '

Treatments | Numberof { No. of Spike Stalk Rachis | Internodal | Stalk
spikes florets length length length length girth

(cm) (cm) (cm) (ecm) (cm)

NiGo 4.34 6.71 4050 | 1938 | 20.98 3.29 1.58
NG 4.81 7.25 4290 | 2395 | 2033 3.04 1.61
N;G; 5.25 7.84 43.65 | 2575 | 1775 2.64 1.86
NiGs 4.45 6.88 46.15 | 2030 | 23.98 3.66 1.36
NiG4 4.44 6.42 4790 | 2040 | 23.88 3.92 1.36
NiGs 483 7.38 4280 | 19.00 | 25.08 3.55 1.39
NiGs 4.83 6.89 4175 | 18.65 | 26.05 3.86 1.44
N2Go 4.59 6.67 41.10 | 1925 | 21.83 3.41 1.63
N2Gi 5.14 7.34 4390 | 2545 | 18.68 2.78 1.82
N:G: 5.40 7.38 4425 | 26.10 | 1833 264 | 169
N:Gs 4.72 6.59 46.45 | 23.85 | 23.55 3.71 135
NG 4.59 6.54 4795 | 22.00 | 23.65 3.80 1.35
N;Gs 4.97 6.84 4120 | 1890 .| 21.13 3.21 1.41
N3G 5.18 721 | 4085 | 18.65 | 23.95 3.62 141
N:Go 5.06 7.54 40.95 | 18.75 | 22.05 3.33 1.54
NaGy 5.54 7.75 4450 | 2400 | 21.64 2.86 1.95
N3G, 5.88 8.13 4390 | 2620 | 1813 | 230 2.04
NyGs 4.90 6.67 | 4695 | 19.05 | 24.88 3.85 1.40
N3Ga 4.84 6.33 4890 | 20.80 ‘| 26.18 434 1.39
N3Gs 5.33 8.00 41.70 | 19.00 *| 25.23 3.23 1.47
N3Gs 5.48 8.75 4220 | 18.50 | 25.65 3.03 1.44
N«Go 5.30 6.60 4130 | 19.00 | 2220 3.49 1.54
NiG; 5.82 850 | 4355 | 2540 | 1800 | 236 2.40
N4G; 6.15 8.96 4460 | 26.45 < 21.25 2.18 2.41
N4G; 5.14 16.54 49.65 | 2135 | 22.98 3.74 1.41

Contd.



Table 50. Continued

Stalk

Treatments | Number of | No.of | Spike Rachis | Internodal | Stalk
spikes florets length length length length girth
(cm) (cm) (cm) (cm) (cm)
N.Gs4 5.13 6.29 5030 | 2130 | 2338 4.04 1.38
N4Gs 5.74 7.63 41.00 | 2015 | 2283 3.43 1.46
N4Gs 5.74 8.88 41.05 19.75 | 23.93 331 1.57
NsGo 541 6.67 40.55 19.30 | 21.20 330 1.69
NsGq 6.08 8.17 4300 | 2560 | 19.35 2.53 1.88
NsG, "~ 6.29 8.71 44 .30 2545 | 18.80 2.33 1.92
NsG3 532 6.42 47.45 20.55 23.90 3.80 1.43
NsGy 5.21 6.59 4820 | 2150 | 2485 391 1.38
NsGs 5.76 6.88 40.20 18.70 | 24.40 3.67 1.52
N5Gs 5.86 7.13 41.00 18.45 24.23 3.51 1.44
NeGo 561 6.59 41.90 18.85 | 23.00 3.40 1.54
NeGi 6.14 8.71 4330 | 2455 | 18.70 2.34 1.94
NeG 6.49 975 45.05 2605 | 1898 | 228 1.92
NG; 543 6.50 4840 | 2035 | 26.60 420 1.42
NsGq4 5.38 6.17 50.10 19.85 27.51 . 4.62 1.38
NeGs 5.89 7.75 43.25 19.20 | 25.40 3.61 1.46
NG 6.00 775 | 4335 18.80 | 27.20 3.62 1.47
CD(0.05) 0.145 0706 | 2070 | 3.255 | 2387 0.178 | 0.170
SEm 0.052 0252 | 0.736 1.157 | 0.849 0.063 | 0.061
N] - NPK 10:10:10 - 0.1% G()'CO!'IU'OI
N;-NPK 10:10:10-02% G, - BA 50 ppm
N; - NPK 10:20:20-0.1% G, - BA 100 ppm
N, - NPK 10:20:20 -0.2%  G; - GA; 10 ppm
Ns-NPK 10:20:10-0.1% G, - GA; 20 ppm

Ng - NPK 10:20:10 - 0.2%

Gs - BA 25 ppm + GA; 5 ppm
GG'BASO ppm+GA3 10 ppm
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was 1.44 cm in plants that received NPK 10:10:10 at 0.2 per cent applied weekly

Once,

Combined effect of nutrients and growth regulators was significant in
producing stalks of markedly different girths (Table 50). Stalk girth of 2.41 cm was
recorded corresponding to combination of NPK 10:20:20 at 0.2 per cent and BA
100 ppm. Minimum girth was 1.31 cm when NPK 10:10:10 at 0.2 per cent was

apphied with GA; 20 ppm.

Maximum stalk girth of 2.20 cm was observed corresponding to BA
100 ppm applied in plants treated weekly twice with the nutrients (Table 51). Least
girth (1.28 cmi) was recorded in weekly twice application of nutrients + GAj;

20 ppm.

Three factor interaction was found significant in the case of spike girth
(Table 52). Maximum girth recorded was 2.95 cm corresponding to NPK ld:20:20
at 0.2 per cent applied weekly twice + BA 100 ppm. Spike girth of 2.73 cm in the
case of BA 50 ppm substituting in the above combination was on par with the
highest value. Minimum girth was 1.24 cm observed when NPK 10:10:10 at 0.2 per
cent was applied weekly twice + GA; 20 ppm. '

4238 Annual spike production

Data pertaining to the annual spike production per plant in dendrobium
var. Sonia 17 are presented in Tables 58 and 59. |

4.2.8.1 Man effect of nutrients, frequency of application and growth regulators
~ (Table 58)

Nutrient levels and their concentrations influenced the annual spike

production significantly. Maximum number of spikes per plant per year (11.14) was _

observed in plants which received NPK 10:20:20 at 0.2 per cent, followed by 11.02
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spikes in plants receiving NPK 10:20:10 at 0.2 per cent. Significantly low number
of spikes was recorded for NPK 10:10:10 at 0.1 per cent (3.14).

Among the frequencies tried, application of nutrients weekly twice
produced 10.42 spikes, which was distinctly superior to weekly once application

producing 8.00 spikes. ‘

Growth regulators aiso influenced spike ;)roducﬁon. Maximum of 10.52
spikes per year was recorded when BA 100 ppm was applied, which excelled all
other treatments. BA 50 ppm recorded 9.80 spikes per year and least number of
spikes (7.38) was observed for GA; 20 ppm, which inferior even to the control
(8.16).

4.2.8.2 Interaction effects

A combined effect of nutrient concentration of NPK 10:20:10 at 0.2 per
cent and weekly twice application frequency produced higher annual spike
production of 11.22 spikes per plant, followed by 11.12 spikes corresponding to

/48

NPK 10:20:20 at 0.2 per cent, applied weekly twice. Least recorded value for

annual spike production was 8.36 for NPK 10:10:10 at 0.1 per cent, applied weekly

{

once.

A combination of NPK 10:20:10 at 0.2 per cent and BA 100 ppm gave
12.98 spikes (Table 59 and Fig.5). This was on pay with NPK 10:20:10 at 0.1 per
cent + BA 50 ppm producing 12.76 spikes. Leas; spike production of 8.68 was
observed for NPK 10:10:10 at 0.1 per cent + growth regulator control.

BA 100 ppm favoured highest spike production (11.18) when applied in
plants, which received nutrients weekly twice, followed by BA 50 ppm for the same
nutrient application frequency (10.44). Least number of spikes (7.82) was observed

in the case of GAj3 20 ppm applied in plants which received nutrients weekly once.



influenced by nutrient levels and growth regulators
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429 Interval of spike production

Data pertaining to interval of spike production in dendrobium var.
Sonia 17 as influenced by various treatments and their combinations are pre_sented

in Tables 60 and 61.
4.29.1 Main effect of nutrients, frequency of application and growth regulators

Interval of spike production was 32.62 days, which was the least recorded
values, in plants which received NPK 10:20:10 at 0.2 per cent. This was on par with
32.12 days recorded for NPK 10:20:10 at 0.2 per cent. Spike production occurred at
maximum interval of 44.84 days for NPK 10:10:10 at 0.1 per cent which was
significantly inferior to all other treatments.

Interval between production of consecutive spikes was 35.03 days in
plants sprayed with nutrients weekly twice, which was significantly superior to

weekly once application of nutrients (interval of 45.63 days).

Among the growth regulators tried, interval of spike production recorded
a minimum value of 34.70 days in plants treated with BA 100 ppm, which was
detectably superior. Maximum interval between queéutive spikes was 49.46 days
in plants treated with GA; 20 ppm, followed by GAj3 10 ppm (48.54 days) which
was more than that for growth regulator control (44.';3 days).

4292 Interaction effects

Interaction was evident between nutrient concentration and frequency of
application (Table 68). Minimum interval between successive spikes was 32.53
days for plants receiving a combination of NPK 10:20:10 at 0.2 per cent + weekly
twice application frequency. NPK 10;20:20 at 0.2 per cent (32.82 days) and NPK
10:20:10 at 0.1 per cent (33.80 days) were on par with the superior treatment.
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Maximum interval recorded was 43.66 days for NPK 10:10:10 at 0.1 per cent

treated plants, receiving nutrients weekly once.

Combination of weekly twice application of nutrients with BA 100 ppm
reduced the spike production interval as low as 32.65 days, which was significantly
superior to other treatment combinations. Mmm interval between two
consecutive spikes was 46.68 days for combination 6f weekly once application of

nutnents and GA; 20 ppm.

Combination of NPK 10:20:10 at 0.2 per cent with BA 100 ppm recorded
the minimum value for interval of spike production (28.12 days). This was on par
with many other treatments. Highést interval' recorded was 42.05 days for plants
which received a combination of NPK 10:10:10 at 0.1 per cent + growth regulator

control.
4210  Size of floret

Data pertaining to size of floret in dendrobium var.Sonia 17 as influenced

by vanous treatments and their combinations are presented in Table 62.

I}

4.2.10.1 Main effect of nutrients, frequency of application and growth regulators

Floret size in dendrobium var. Sonia 17 showed detectable differences
due to the treatments. Floret size was reduced to 6.0 ¢m x 6.0 ¢cm in plants which
received a combination of NPK 10:10:10 at 0.1 and 0.2 per cent applied weekly
once + BA 100 ppm and NPK 10:20:20 at 0.1 pér cent weekly once + BA 100 ppm.

Floret size was 6.0 cm x 6.5 cm in plants 'recéiving NPK 10:20:10 at 0.1 per cent

weekly once + BA 100 ppm. BA application showed a general reduction in size of

floret. This reduction in size was prominent when concentration of BA increased.

Floret size was increased to 8.0 cm x 8.5 cm in plants which received a combination

/5%
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of NPK 10:20:10 at 0.1 per cent applied weekly twice + GA; 20 ppm, NPK
10:20:10 at 0.2 per cent applied weekly twice + GA; 20 ppm. '

4.3 Post-harvest studies

Effect of various pulsing and holding treatments was studied to evaluate _

their influence on enhancement of vase life in dendrobium var. Somia 17 (Plate 10).
From the results obtained the superior holding and pulsing treatments responsible

were selected and analysed. The results of these treatments are presented hereunder.

43.1 Effect of pulsing treatments

Data pertaining to the effect of various pulsing treatments are presented in
Table 63.

43.1.1  Days to wilt of one floret

Spikes remained fresh for a maximum period of 19.92 days when glven a
pulsing of HQ 500 ppm + sucrose 5 per cent for 12 hours. This was followed by
18.31 days in the case of HQ 500 ppm + sucrose 5 per cent for 6 hours. Minimum
vase life was 14.35 days for spikes; which did not receive any pulsing treatment.

43.12 Days to wilt of last floret

" Spikes showed different life spans depending on the pulsing treatment
they received (Fig.6). Maximum longevity of 25.00 days was recorded when spikes
were pulsed in HQ 500 ppm + sucrose 5 per cent for 12 hours, followed by HQ
| 250 ppm + sucrose 5 per cent for 6 hours (24.00 days). Minimum longevity of ll6.50
days was recorded 1n spikes, which did not receive any pulsing treatment.
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Table 63. Effect of pulsing treatments on post harvest characters m dendrobium var.

/156

Sonia 17

Treatment Days‘ to wilt | Days to wilt | Final EC* | Water uptake | Weight loss -

_of one floret | of last floret (mS gt (ml) ' (g)
Po 14.35 16.50 0.14 16.54 1.07
P; 18.31 21.00 0.16 17.34 0.93
P 19.92 25.00 0.10 17.21 0.95
P 16.96 24.50 0.12 1745 1.00
P, 16.39 24.00 018 1726 1.00
Ps 15.73 21.50 0.24 18.93 0.99
Ps 16.65 21.00 0.33 18.57 1.01
P; 14.96 20.00 0.32 19.49 1.01
Pg 15.85 20.50 0.24 18.96 0.94
Po 16.65 20.00 . .0.39 19.96 0.99
Pio 14.46 19.00 0.25 19.70 -1.03
Pu 17.69 23.00 2.07 19.83 1.00
P12 18.27 21.50 2.13 19.99 1.00
CD(0.05) 1.09 0.916 0.08 1.43 0.02
SEm=+ 0.39 0.329 0.03 0.51 0.009

* The EC of the distilled water was 0.04 mS g



43.13 Final EC

Pulsing treatment showed varying influence on final electrical
" conductivity of holding solution. Maximum EC of 2.1'3 mS g was recorded in the
case of hot water dip at 50-60°C for 10 seconds. This was followed by 2.07 mS g |
for hot water dip at 50-60°C for 5 seconds. Minimum EC recorded was 0.10 mS g’

for pulsing with HQ 500 ppm + sucrose 5 per cent for 12 hours.
43.1.4 Water uptake

Maximum quantity of water (19.99 ml) was absorbed by spikes dipped in
hot water at 50-60°C for 10 seconds, followed by 19.96 ml by spikes dipped in hot
water of 60-70°C for 5 seconds. Minimum water uptake of 16.54 ml was observed

when no pulsing treatment was given to spikes.
43.1.5 Loss of weight of spikes

Weigh_t loss was maximum for spikes, which were notl given any pulsing
treatment (1.07 g). This was markedly high compared to all other treatments.y This
was followed by 1.03 g weight loss in the case of hot water dip at 60-70°C for 10
seconds. Loss of weight was minimum (0.93 g) for spikes pulsed with HQ 500 ppm

+ sucrose 5 per cent for 6 hours.
432 Effect of holding treatments

Data pertaining to the effect of holding treatments on enhancement of

vase life are presented in Table 64.
43.2.1 Days to wilt of one floret

Among the different holding solutions, maximum life of spike cent (24.73
days) was observed for solution containing AgNO; 50 ppm, HQ 400 ppm and



-
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Table 64. Effect of holding solutions on the post harvest characters in dendrobium

var. Soma 17
Treatment | Daysto | Daysto | Initial Final | Difference | Water Weight
‘ wilt of | wilt of EC EC in EC uptake loss
one last |(mSg")|(mSg’)| mSg") | (ml) ®
floret floret
Ho 8.85 11.00 0.08 0.07 -0.01 16.30 3.42
H, 9.19 11.50 0.05 0.07 0.02 19.46 1.86
H, 9.89 13.00 0.15 0.17 0.02 12.50 1.64
H; 11.88 18.50 1.23 " 1.32 -0.02 18.55 1.34
Hy 11.77 18.00 2.71 3.75 0.03 19.40 1.07
Hs 17.54 24.00 0.13 0.16 0.02 17.50 0.68
Hs 19.39 22.50 0.13 0.19 0.05 16.45 0.53
H; 19.85 22.50 0.18 6.15 ' -0.03 19.50 0.69 .
Hs 21.38 26.00 0.08 0.13 -0.05 - 16.25 .0.46
Hy 20.42 25.50 0.09 0.14 |, 005 18.30 0.43
Hio 20.65 23.00 0.13 0.16 0.02 18.65 0.36
Hn 22.85 28.50 0.07 0.14 0.07 19.00 0.27
Hj; 24.73 30.50 0.11 0.22 0.11 19.25 0.13
CD(0.05) 1.09 0.987 0.08 0.08 0.01 1.43 0.02
SEm+ 0.39 0.337 0.03 0.03 0.004 0.51 0.009




sucrose 5 per, spikes kept in AgNO; 25 ppm + HQ 400 ppm + sucrose 5 per cent
remained without wilting for 22.85 days. Minimum life was recorded for control,
i.e., distilled water (8.85 days). BA 10 ppm and BA 20 ppm were on par with this,
in which spikes remamed fresh only for 9.19 and 9.89 days, respectively.

4.3.2.2 Days to wilt of last floret _ ‘

Spike showed different life spans dependiﬂg on the treatments nnposed
(Fig.6). Maximum life of 30.50 days was recorded in spikes kept in AgNO; SO\ppm
+ HQ 400 ppm + sucrose 5 per cent, which was significantly higher than all other
treatments, followed by 28.50 days in AgNO; 25 ppm + HQ 400 ppm + sucrose 5
per cent. Control treatment exhibited minimum life of spike (11.00 days).

4323 Final electrical conductivity of solutions

Electrical conductivity was significantly influenced by the holding
solutions. Maximum EC was observed (3.75 mS g”) in the case of Triadimefon
20 ppm, followed by 1.32 mS g for Triadimefon 10 ppm. Minimum EC recorded
was 0.07 mS g the control and BA 10 ppm.

43.2.4 Difference in Electrical Conductivity

Difference between initial and final EC values was minimum
(-0.05 mS g') in the case of AgNO; 50 ppm. Highest difference in value ‘was
0.11 mS g for AgNO; 50 ppm + HQ 400 ppm + sucrose 5 per cent.

- 4325  Water uptake

Maximum uptake of water (19.50 ml) was recorded in spikes kept in
. AgNO; 25 ppm + sucrose 5 per cent, which was closelly followed by 19.46 ml for
BA 10 ppm and 19.40 ml for Triadimefon 20 ppm. Minimum uptake of water
(12.50 ml) was recorded for BA 20 ppm. |

2



4326, Lossof weight

Treatments showed distinct influence on the loss of weight of spikes.

~ Maximum weight loss of 3.42 g was observed in spikes kept in distilled water

(control), followed by 1.86 gv Joss in BA 10 ppm and 1.64 g in BA 20 ppm.

Minimum loss of weight of 0.13 g was recorded in the case of spikes kept n
solution containing AgNQO; 50 ppm + HQ 400 ppm 4 sucrose 5 per cent, followed
by 0.27 g loss in AgNO; 25 ppm + HQ 400 ppm + sucrose 5 per cent.

433  Effect of pulsing and holding treatments

Data pertaining to the effect of various pulsing and holding treatments n
combination on the post harvest characters of dendrobium var. Soma 17 are

presented in Table 65.

Due to large volume of data on the effect of combination of pulsing and |

' holding treatments, data on the combination of best pulsing and holding treatments
alone are presented here (Plates 11 to 13). The selected combinations of are:
PoH, - Absolute control |
P;H, - Pulsing HQ 500 ppm + Sucrose 5% for 12 hours + Holding control
PH; - Pulsing HQ 500 ppm + Holding AgNO; 50 ppm + HQ 400 ppm + Sucrose 5%
P,H, - Pulsing HQ 500 ppm + Holding AgNO; 25 ppm + HQ 400 ppm + Sucrose 5%
P1H; - Pulsing HQ 500 ppm + Holding AgNO; 25 ppm + HQ 200 ppm + Sucrose 5%

PH, - Pulsmg HQ 500 ppm + Holding AgNO; 50 ppm + HQ 200 ppm + Sucrose 5%
P1H; - Pulsing HQ 500 ppm + Holding AgNO; 50 ppm + Sucrose 5%
P,H, - Pulsing HQ 500 ppm + Sucrose 5% for 6 hours + Holding control
P;H, - Pulsing HQ 500 ppm + Holding AgNO; 50 ppm + HQ 400 ppm + Sucrose 5%
P,H, - Pulsing HQ 500 ppm + Holding AgNO; 25 ppm + HQ 400 ppm + Sucrose 5%
P,H; - Pulsing HQ 500 ppm + Holding AgNO; 25 ppm + HQ 200 ppm + Sucrose 5%
P,H, - Pulsing HQ 500 ppm + Holding AgNO; 50 ppm + HQ 200 ppm + Sucrose 5%

P.H; - Pulsing HQ 500 ppm + Holding AgNO; 50 ppm + Sucrose 5% |

16D
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Table 65. Effect of pulsing and holding treatments on the post harvest characters in
dendrobium var. Sonia 17 ' _

Treatment | Daysto | Daysto | Inital Final | Difference | Water | Weight
wilt of | wilt of EC EC inEC | uptake loss
one last | (mSg') | (mSg')| (mSg) | (m) | (g
floret floret , , :
PoHo 6.50 950 | 0.10 0.08 0.02 7.80 3.85
PH, 11.50 15.00 0.03 002 |* -0.01 21.90 3.21
PH, 2750 | 31.50 0.13 016 |. 0.03 28.20 0.10
P.H, 2550 | 28.50 915 018 | 003 24.20 0.23
PH; 1750 | 20.50 0.07 0.09 - 0.02 21.40 0.44
P.H, 23.00 | 2650 020 | 026 0.06 22.70 0.35
P;H; 1 2100 | 24.00 018 | 022 | o004 16.90 0.42
P.H, 11.50 | 14.00 0.05 003 |  -0.02 22.80 313
P.H, 2850 | 32.00 0.10 0.12 0.02 21.10 0.07
P.H, 2500 | 28.50 0.15 0.16 0.01 2310 | 021
P.H, 1900 | 22.50 0.14 0.16 0.02 18.40 0.44
P,H, 2200 | 2550 0.26 0.28 0.02 21.40 0.33
P,H; 21.50 | 23.00 0.18 020 0.02 18.70 0.41
P,H, 950 | 12.00 0.04 0.02 0.02 18.10 3.36
PH, . | 2600 | 2050 | 003 | 007 | o004 1880 | 012
P.H, . 2400 | 2750 005 | 0.08 003 | 2100 | 025
P;H, 2200 | 27.00 0.05 0.07 0.02 2170 0.46
| PsH, 2450 | 2750 | 0.04 0.08 | , 0.04 1950 | 032
P3H, 21.50 | 26.00 0.06 0.08 0.03 20.10 0.46
P.H, 11.50 16.00 0.07 0.05 0.02 16.10 337
PH, 2550 | 29.50 0.05 0.08 0.03 1830 | 0.11
PH, 2400 | 28.00 0.05 008 |i 0.03 18.30 025 .
P.H; 2150 | 26.00 0.09 0.10 0.01 20.10 0.46
PH, | 2250 | 2600 0.04 0.08 0.04 20.30 0.37
P.Hs 2400 | 29.50 0.03 0.08 0.05 17.90 0.37
CD(0.05) 3.91 1318 | 0306 | 0.027 0.027 515 1.09
SEm+ 1.40 0.47 0.110 | 0.009 | " 0.009 1.84 0.30




P;H, - Pulsing HQ 250 ppm + Sucrose 5% for 12 hours + Holding control

P:H, - Pulsing HQ 250 ppm + Holding AgNQ; 50 ppm + HQ 400 ppm + Sucrose 5%
P;Hz - Pulsing HQ 250 ppm + Holding AgNO; 25 ppm + HQ 400 ppm + Sucrose 5%
P3;H; - Pulsing HQ 250 ppm -+ Holding AgNO; 25 ppm + HQ 200 ppm + Sucrose 5%
P<H, - Pulsing HQ 250 ppm + Holding AgNO; 50 ppm + HQ 200 ppm + Sucrose 5%
P;H; - Pulsing HQ 250 ppm + Holding AgNO; 50 ppm + Sucrose 5%

P;H, - Hot water dip at 50-60°C + Holding control for 16 secén&s

P,H, - Hot water dip at 50-60°C + Holding AgNO; 50 ppm + HQ 400 ppm + Sucrose 5%
P4H; - Hot water dip at 50-60°C + Holding AgNO3 25 ppm + HQ 400 ppm + Sucrose 5%
P.H; - Hot water dip at 50-60°C + Holding AgNO; 25 ppm + HQ 200 ppm + Sucrose 5%
PiH, - Hot water dip at 50-60°C + HoldmgAgN03 50 ppm + HQ 200 ppm + Sucrose 5%
P;H; - Hot water dip at 50-60°C + Holding AgNO; 50 ppm + Sucrose 5%

43.3.1 Days to wilt of one floret

1

Spikes pulsed with HQ 500 ppm and sucrose 5 per cent for 6 hours and
kept in holding solution containing AgNO; 50 ppm + HQ 400 ppm + sucrose 5 per
cent recorded maximum vase life of 28.50 days. Spikes which did not recetve any
pulsing or holding stayed fresh for a period of 6.50 days only. In such plants,
including those in the inferior treatmehts, yellowing of the stalk could be noticed

(Plate 14).
43.3.2 Days to wilt of last floret

Days to wilt of the last floret showed marked differences depending on

the treatment combination received (Fig.6). Maximum longevity of 32.00 days was .

recorded in spikes pulsed with HQ 500 ppm + sucrose 5 per cent for 12 hours and
kept in holding solution containing AgNO; 50 ppm + HQ 400 ppm + sucrose 5 per
cent. This was followed by spikes pulsed with HQ 500 ppm + sucrose 5 per cent for
6 hours and kept in holding solution containing AgNO; 50 ppm + HQ 400 ppm +
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sucrose 5 per cent (31.50 days), which was on par with above. Minimum longevity

of 9.50 days was observed for absolute control treatment.

4333 Final EC

EC recorded after experiment was maximum for combination of pulsing
treatment of HQ 500 ppm + sucrose 5 per cent for 6 hours and holding treatment of
AgNO; 50 ppm + HQ 200 ppm + sucrose 5 per cent(0.28 mS g™). Minimum EC
recorded was 0.02 mS g for combination of pulsing with HQ 500 ppm + sucrose 5
per cent for 12vhours and kept in distilled water and treatment combination of hot
water dip at 50-60°C for 5 seconds and kept in distilled water.

4334 Difference in EC

Difference in EC at the beginning and end of the experiment showed
distinguishable difference with varying combinations of pulsirig and holding
solutions. Maximum value was recorded (0.06 mS g') for a combination of pulsing
treatment with HQ 500 ppm + sucrose S per cent for 12 hours and holding solution
containing AgNO; 50 ppm + HQ 200 ppm + sucrose 5 per cent. Minimum
difference was recorded in the combination with' neither pulsing nor holding

treatment, which recorded value of -0.02 mS g
4335 Water uptéke

Maximum quantity of water (28.20 ml) was absorbed by spikes which
were: pulsed with HQ 500 ppm + sucrose 5 per cent for 12 hours and kept in
holding solution contained AgNQ; 50 ppm + HQ 400 ppm + sucrose 5 per cent
which was significantly higher compared to all other treatment combinations.
Minimum uptake of water was 7.80 ml recorded in the case of absolute control.

‘/g‘g



Fig. 6. Effect of pulsing and holding solutions on the longevity of cut spikes
in dendrobium var. Sonia 17
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Plate 10. General view of Experiment 3
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Plate 11. Effect of superior pulsing treatments in control treatment of holding
solutions.
From left P; (HQ 500 ppm + sucrose 5% for 12 hours), P, (HQ 500 ppm
+ sucrose 5% for 6 hours), P; (Hot water treatment at 50-60°C for 10
seconds), P; (HQ 250 ppm + sucrose 5% for 12 hours)

Plate 12. Effect of best pulsing treatments (P1 - HQ 500 ppm + sucrose 5% for 12
hours) in superior holding solutions in comparison with holding control.
From left - H; (Holding control), H; (AgNO3 50 ppm + HQ 400 ppm +

sucrose 5%), H; (AgNO; 25 ppm + HQ 400 ppm + sucrose 5%), H;
(AgNO; 50 ppm + HQ 200 ppm + sucrose 5%).






Plate 13. Effect of best holding treatment (H; - AgNO; 50 ppm + HQ 400 ppm +

sucrose 5%) in combination with superior pulsing treatments compared
to holding control. ‘
From left - P; (HQ 500 ppm + suctose 5% for 12 hours) with holding
control, Py with H1, P, (HQ 500 ppm + sucrose 5% for 6 hours), P; (Hot
water treatment at 50-60°C for 10 seconds) with H;, P, (HQ 250 ppm +
sucrose 5% for 12 hours) with H;. '

Plate 14. Yellowing of stem (left) as influenced by poor pulsing and holding
solutions, compared to superior treatments (right)






4.3.3.6 Loss of weight

Maximum weight loss of 3.85 g was observed in spikes, which received

neither pulsing nor holding treatment. This was followed by spikes, which were

dipped in hot water at 50-60°C for 10 seconds and kept in distilled water (3.37 g).

Minimum loss of weight of spike (0.10 g) was corresponding to a combination of
pulsing with HQ 500 ppm + sucrose S per cent for six hours and kept in holding

solution containing AgNOs; 50 ppm + HQ 400 ppm + sucrose 5 per cent.

44 - Cast of chemicalg for the hest treatment

Cost of chemicals for best treatment was calculated up to flowering in
experiment | and for one year in experiment II (Table 66). For reducing pre-
blooming period the treatment containing NPK 30:10:10 at 0.2 per cent applied
weekly twice + BA 200 ppm applied monthly once was the best. The cost for

nutrients per plant per year was 20 paise and for growth regulator was Rs.2.60,

For improving flower yield and quality NPK 10:20:10 at 0.2 per cent
applied weekly twice and BA 50 ppm + GA; 10 ppm applied monthly once was
found supenor. The cost of nutrients per plant per year was Rs.0.69 and for growth

regulators 1t was Rs.1.86.
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Table 66. Cost of chemicals for the best treatments

Cost of chemical

Treatment details Cost / litre | Cost/plant
(Rs.) spray solution lyear
(Rs) Rs)
Experiment 1 (Till flowering)
NPK 30:10:10 - 0.2% weekly twice +
BA 200 ppm - monthly once
a) Ammonium nitrate 79.00/500 g 0.24 0.10
b) Orthophosphoric acid 185.00/500 ml 0.14 0.06
¢) Potassium nitrate 92.00/500 g 0.10 0.04
BA 262.00/g 52.40 2.60
Total 2.80
Experiment I1 (per year)
NPK 10:20:10-0.2% weekly twice +
BA 50 ppm + GA; 10 ppm (monthly)
a) Ammonium nitrate 79.00/500 g 0.58 0.06
b) Orthophosphoric acid 185.00/500 ml 0.468 0.52
c) Potassium nitrate 92.00/500 g 0.095 0.11
|13, 1.67
. Total 2_5_5

Note: 1. Average number of plants covered by a litre of spray solution = 200
2. For experiment I the cost was accounted up to 10 months after hardening
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5. DISCUSSION

The results generated from the studies on the influence of nutrients and
growth regulators on the regulation of growth and flowering as well as the effect of
various pulsing and holding treatments on the post harvest behaviour of dendrobium

var. Sonia 17 are briefly discussed here under.

Dendrobium is a sympodial orchid grown mostly in the tropical region.
Reported to be the second largest genus, 1340 species are included under Dendrobium
(Baker and Baker, 1996), belonging to both tropical and subtropical regions. The
hybrids produced from these species also show a wide range of van'abili_ty with respect

to shoot, leaf and floral characters and response to climatic conditions.

In sympodial orchids, like Dendrobium, the true stem has a horizontal
growth and creeps over the media throwing aerial shoots occasionally giving the
characteristic clustered appearance for the plant. ‘ '

During the growth and development of any plant, the type of nutrients,
quantity and their frequency of appljcatien play a major role. This is more so in an -
epiphytic orchid like dendrobium, where all the nutnients are applied through foliage.
Such plants are virtually deprived of receiving any nutrient from any other source.
Another interesting factor is the significant difference in the requirement of nutrients

between growth and developmental stages.

~ The role of growth regl_llatogs in improving growth parameters in different
omemeﬁtal crdps has been reported by many workers. The beneficial effects of various
bioregulators are commercially exploited in commercial flowers too, to a very large
extent. Chemicals also play a major role during the postharvest handling of flower
spikes. Hence a comprehensive information on the rdle of various nutrients and other
chemicals in the commercial culture of dendrobium hybrids, the most popular group of
orchids in Kerala and in the South-East Asian countries is very much needed.



5.1 Reducing pre-blooming period

Long Ipre-blooming period is considered as a drawback in the commercial
cultivation of orchids. In Dendrobium, the hardened plants take about 15 months to
attain flowering stage. Reducing the pre-blooming peridd has thus an added advantage.

5.1.1 Growth parameters

Height, in general, is an indication of the overall growth of the plant. In
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dendrobium, progress in height is in a different pattern. Unlike monopodial orchids,

which have a continuous vertical growth, in which, the flowers are produced from leaf

axils of the main stem, in the sympodial orchids, the flowers are produced on the

pseudostem. The growth habit of a sympodial orchid like dendrobium, is such that the
new shoots (pseudostems) produced initially grow and bloom after attaining sufficient
growth and maturity. Hence, the external treatments which can favour this character

can be considered beneficial.

In the present study height was found to be significantly mﬂuenced by
nutrient doses, nght from the initial stage of the experiment. The nutrient concentration
NPK 30:10:10 at 0.2 per cent, which was the highest ratio of N tried in the experiment,
produced the tallest (11.04 cm) plants. The characteristic of nitrogen to increase
vegetative characters is evident in this result also. Minimum height recorded was 5.62

cm in response to the lowest nutrient concentration, ie., NPK 10:10:10 at 0.1 per cent.

Similar observations were recorded by Sakai ef al. (1985) in Dendrobium, Banfield
(1981) in Paphiopedilum and Stewart (1988) in mz;ny monopodial and sympodial
orchids.

The frequency of application-of nutrients is indirectly availability of more
nutrients. Plants treated twice weekly with a nutrient dose is receiving double the

nutrients received by those treated once a week with the same nutrients. Increase in
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frequency was found to increase height in Cymbidium traceanum by Sobhana and
Rajeevan (1995) also. '

Among the growth regulators tried, GA; 20 pbm gave tallest plants,
compared to all other growth regulators. This effect was evident right from the initial
months of the treatment application. The functional effect of GA; on the elongation of
cell may be the basic reason for increased height in GA; applied plants (Randhawa,
1981). Lower dose of GA;, i.e., 10 ppm, was also foynd to increase height, but to a
lesser extent, compared to GA; 20 ppm. This is in‘ conformation with the results
obtained by Pirone (1958), Burovac and Wittwer (1956), in different plants.

Nutrients play an important role in the number of shoots produced in a plant.
In the variety Sonia 17, the shoots, which are pseudobulbs, are cane like on which the
leaves are arranged in two rows. The flower spikes arise from the end of the
pseudobulb or from the lateral buds. Hence in dendrobium, the number of new shoots
produced by the plant determines the extent of flower production.

In the present trial more number of shoots was produced in plants sprayed
with the nutrient dose of NPK 30:10:10 at 0.2 per cent. The least number of shoots was
recorded in the case of NPK 10:10:10 at 0.1 per cent. Similar results were observed in
Cymbidium ‘Pharoah Pathfinder’ by Nichols (1982), where he obtained increased
number ‘of shoots with increase in nitrogen supply. The behaviour of Cymbidium
‘Pendragon Sikkim’ also showed similar trend (Bik and Van den Berg, 1983).

During the initial stages of the study, the influence of growth regulators on
shoot production was not evident. At four MAP, GA; was superior in terms of shoot
productioh. This was followed by BA. Very few number of shoots was produced by
IAA. But as the growth progressed, BA significantly promoted the production of
shoots. Effect of BA in increasing number of shoots can be attributed to the cell
dividing or rﬁulﬁplying properties of cytokinins. Beneficial effects of BAP in



Ascocenda and Paphiopedilum, where a higher dose of BAP 1.e., 1000 mg I'' was used
as reported by Kunisaki (1975), (vas in tune with the results in the present study.

Ambng the three growth regulators tried, GA3 at both the levels gave the
least shoot number as the growth advanced. Continuous treatment with GA3; was found

le7

to reduce the shoot number gradually and gave a negative effect on shoot production.

This was evident from the lesser number of shootsﬁ produced in GA; treatments,
compared to the control. Higher nutrient concentrations applied more frequently
combined with the higher dose of BA, i.e., 200 ppm further increased the number of

shoots.

[4

Number of leaves in a plant is an indication of better photosynthetic
efficiency and thereby better growth of the plant, as this influences the total leaf area of
the plant. Nutrients had a positive effect on the leaf production in dendrobium. More
leaves were produced as the nutrient concentration increased. Maximum leaf
production (10.3) was observed in plants which received the highest nutrient
concentration. Higher nitrogen received can be thie reason for the proportional increase
in the leaf number with nutrient concentration. Appl_icétion frequency also was directly
proportional to leaf number. Similar observations were made by Banfield (1981) and
Stewart (1988) in Paphiopedilum and Umamaheswari (1999) in Dendrobium Sonia
17. Effect of growth regulators on increasing leaf number was very much distinct. At a
higher dose, BA was beneficial in producing distinctly more number of leaves, without
affecting size or shape of the leaf. The increased shoot size and number due to the
effect of BA could be the explanation for more leaf nﬁmber. A negative impact on leaf
number was produqed by GA;, as evident from the lesser number of leaves, compared

to the control.

~

_ Total leaf area is a more direct indication of photosynthetic efficiency of a
plant. In the case of dendrobium it is more so, l;ecause, being an epiphytic plant,
nutrition is little through the growing media. Instead, foliar spray is the common



practice for supplying nutrients where increased leaf area favours increased absorption.
In the present study, total leaf area showed an increase with the increase in the nutrient
concentration. Similar was the response to increased. frequency of application of
nutrients also. These findings conformed to those by Schenk and Brundert (1983) in
Phalaenopsis, Sakai et al. (1985) and Stewart (1988) in Dendrobium Banfield (1981)
in Paphiopedilum and Sobhana and Rajeevan (1995) in Cymbzdlum traceanum. In all
these reports, higher nitrogen was reported to increase leaf number and area. Growth
regulators also influenced the total leaf area. Initially, IAA 500 ppm and later on BA

200 ppm significantly enhanced total leaf area. Benzyl adenine is also reported to have

an influence on reduction in leaf senescence and shedding (Pileuk ef al., 1992) which
could be one of the reasons for enhanced total leaf area, compared to other growth
regulators.

Shoots or pseudobulbs in the case of a syﬂlpodial orchid like Dendrobium is

an important sink for assimilates. Hence increased’ thickness of pseudbbulbs can be _

indicative of storage of more assimilates and thereby better growth and development.
Shoot girth hence becomes a significant growth parameter.

Nutrients when applied at higher concentration and greater frequency
produced thicker shoots in the present study. During earlier stages of growth, IAA
500 ppm recorded maximum girth of shoot. Both the concentrations of BA were on par
with this. Later, at ten and twelve MAP, BA 200 ppm recorded higher shoot girth and
IAA 500 ppm was on par with it. Least thickness of shoots was observed in plants
treated with GAs. As the concentration of GAj; was increased from 10 ppm to 20 ppm,
shoots became thinner. |

The result of the present experiment is in agreement with that by Yadav and
Bose (1986) in Aen’des»multiﬂorum,' but contradictory to that obtained by Higaki and
Imamura (1987) in Vénda Miss Joaquim, where the nutrient ratio cohtaim'ng lesser
nitrogen was found to enhance stem girth. Taejung (1998) also obtained healthy,



compact stout plants i Cymbidium when nutn'ent, ratio containing higher K
concentration was applied. On the other hand, the diameter of pseudobulbs was
reported to increase with increase in nitrogen supplied in Phalaenopsis Sylba Nopsya’

and "Abylos’ (Ochsenbeuer, 1996).

All the growth parameters studied cumszlatively decide the growth in
Dendrobium. From the present study, the positive eﬁ'ect of higher fertilizer dose on
vegetative parameters is clearly evident. Similarly, tilc frequency of application and
growth regulatofs also had independent contribution in enhancing vegetative grbwth.
The positive effect of more frequent application of nutrients and the growth regulator
BA was also observed. From the sfudy, it 1s clear tl';at the combined effect of \these
three factors is far superior to the individual effect of a factor and hence é combination

could be more beneficial.

Root production was influenced by treatments mvolding higher levels of

I

nutrients and 1AA. Higher dose of IAA produced more number of roots. The role of

auxins in root production is established.

Flowering was earliest in plants which obtained the highest nutrient dose of
NPK 30:10:10 at 0.2 per cent, weekly twice, combined with application of BA at
200 ppm. The effect of highest nutrient level is contradictory to that obtained by Uesato
et al. (1987) in Dendrobium "Lim Hepa’ where higher N dose was found to delay
flowering. |

.
Il

Supportive results for induction of ﬂoweﬁng by BA have been recorded
earlier in many orchid species. Generally, flowering i1s found to be initiated by
cytokinins in both monopodial and sympodial orchids (Goh and Arditti, 1985). In the
present study, GAs; did not have a positive effect on flowering, which conform the
observatioh of Goh and Yang (1978) in Dendrobium. However, GA; was, found to
have positive effect when used in combination with BA. But Lee and Koay (1986)

have reported that a combination does not work in Dendrobium Louisae.



Normally, the time taken for the Dendrobium mericlones from hardening to
flowering is about 15 months. In the present study, with appropriate combinations of

nutrients and growth regulators, the duration could be reduced to 10 months,

512 Nutrient status

Conclusions cannot be drawn based on the vegetative | parametefs _alone.
Nutrient concentration in a plant is an indication of the overall growth of the plant, the
assimilates accumulated in the sink of the plant body and the potential of that plant to
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effectively utilize the nutrient sources provided. The nutrients supplied, if properly

absorbed and assimilated, only can contribute to the development in any plant. Hence it
is essential to study whether the supplied nutrients are absorbed and also whether the

growth regulators have any role in enhancing the absorption of nutrients by Pplants.

Nutrient content in the plant parts as well as the uptake are hence of great importa;hce.

The study revealed that nitrogen cqnt;nt in the plant was directly
propoftional to the nitrogen level applied. Highest mtrogen content was recorded
corresponding to NPK 30:10:10 at 0.2 per cent, applied weekly twice. Phosghorus
content was maximum in plants which received N}"K 10:10:10 at 0.1 per cent and
potassium content in those which received NPK 10:10:10 at 0.2 per cent. All the__ three
nutrients were found to increase considerably in plant parts when the plants were
fertilized more frequently. Nitrogen content was highest corresponding to BA
200 ppm, whereas P was highest for BA 100 ppm and K for IAA 250 ppm. |

Calcium content was found to increase when the plants were fertilized using
NPK 30:10:10 at 0.2 per cent, weekly twice and IAA 500 ppm at monthly interval.
Magnesiurh also showed the same trend and BA 200 ppm in the above combination
gave shﬁﬂar results. Mcronutﬁents like Cu, Fe, Zn also showed a similar trend.

Increased nitfoge_n content with increased application is attﬁb-utedwas an
mdication of the luxury consumption of nitrogen in orchid. Conclusions were drawn in

this line in Cattleya and Phalaenopsis (Tanaka et al., 1988and 1989). In the present



study, higher content of nitrogen was found to improve the vegetative characters and
hence cannot be considered as luxury consumpﬁon, at least at the higher levels tried in
the present study. However, it is generally held that while the nutrient levels should be
higher for Dendrobium than for many orchids, excessive nitrogen level should be
avoided. Alternate applications of high nitrogen fertilizer with low nitrogen ferﬁlizer
would be a solution for this (Baker and Baker, 1996). In the high rainfall, high
humidity climate prevailing in Kerala, excess nitrogen may also induce rapid
vegetative growth re_:sulting in softened tissues rendering the plants more suscepq'ble to
diseases. |

Total biomass production as well as nutrient uptake were enhanced by
higher concentration of nutrients, higher frequency of application and application of
. BA 200 ppm. Similar results were obtained in Dendrobium by Seeni and Latha (1990),
Thekkayam (1996) and Umamaheshwari (1999). But contradictory observations were
made by Schum and Fischer (1985) in Phalaenopsis, where they got maximum
biomass accumulation when an NPK ratio of 1:1:1 was applied.

Considering the effect on various growth parameters, nutrient uptake ahd the
time taken to first flowering, conclusions can be drawn favouring a treatment
combination of NPK 30:10:10 at 0.2 per cent applied weekly twice + BA 200 ppm, for
best results. Though some other treatment combinations were found to favour certain
parameters, the above combination was significantly superior when the economically
important characters were considered. The best nutrient dose can be met at an expense
of 0.30 ps. per plant per year. An additional expense of Rs.3.74 per plant per year is
required for BA application. But considering the reduction in the pre-blooming period
by about five months the viability of this additional cost incurred cannot be ruled out.

5.2 Improvement of flower yield and quality

Flower characters in orchid genus Dendrobium are found to be influenced by
nutrients and growth regulators. Dendrobium being epiphytic can be easily tuned to
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vegetative or flowering phase by changing the concentration of nutrients as well as

growth régulators.

Floral characters were improved by increasing the level and frequency of.
" nutrient application. The relative proportion of nuttients, especially that of N, is
considered to be more important. Number of florets, number of spikes, spike length,
rachis length and internodal length were maximum with NPK 10:20:10 at 0.2 per cent.
Stalk length and spike girth were highest when NFK 10:20:20 at 0.2 per cent was
supplied. The least interval between consecutive spike production was recorded in

plants treated with NPK 10:20:10 at 0.2 per-cent.

Spike production, length of spike, rachis length, internodal length and least
interval between spike production are the commercially important characters of spikes
in orchids. Considering these factors, NPK 10:20:10 at 0.2 per cent can be suggested
as an ideal nutrient combination for dendrobium. The results of the present study are
contradictory to those observed by Vacharotayan and Keethapirom (1975), where NPK
ratio -with higher N and P content was found to enhance floral characters.
Bhattacharjee (1982) in Rhynostylis giganiea and- Schenk and Brundert (1983) n
Phalaenopsis also have made observations. But Abraham and Vatsala (1981) and
Merimman (1987) recorded results similar to those obtained in the present study, i.e.,
higher P content in the nutrient combination had a positive effect on flowering and
floral characters. Baker and Baker (1996) also suggested that changing to high
phosphatic fertilizer, such as 10-20-10 promotes blopming in dendrobium. The balance
between N and K is important and for best results it should be 1:1, unless mediav

requiring high nitrogen are used for growing the plants.

Number of spikes was found to be the highest in plants treated with BA
100 ppm. Spike length and stalk length also showed similar trend. But significant
reduction 1n internodal length was obtained when B;A 100 ppm was applied. Internodal
length was highest in plants which received GA; 20 ppm. Similarly,_ﬂofal size also



reduced drastically with BA treatment. This was found to adversely affect the
appearance of the spike. However, this detrimental effect of BA was reduced when
GA; was applied together with BA. A combination of BA 50 ppm and GA; 10 ppm
produced normal sized florets with sufficient internodal length. Productivity, though
not as high as in the case of BA 100 ppm, was also substantially higher compared to
control treatment. Hence a combination of both the growth regulators can be
recommended to enhance productivity, without adversely affecting the quality of the
spikes. ' | :

The results obtained by Higuchi and Sakai (1977) were partly in agreement
with the results in the present study. They observed reduced number of florets in
Dendrobium with the application of BAP at 4000 ppm but productivity was found to
increase. GA; was reported to have no effect on floral characters, according to Goh and
Yang, 1978. They also found that when combined with BA, GA; gave good results,
which is supportive to the present study. ' |

Branched inflorescence occurred more frequently when plants were treated -

with BA, both at 50 and 100 ppm. This is in agreement with the results obtained by
Goh (1977).

From the data obtained during the experimental period of seven months,
annual yfeld of spikes and the economics was computed. It was found that NPK

10:20:10 at 0.2 per cent applied twice a week and monthly appliéation of BA 50 ppm +

GA; 10 ppm produced the highcst number of spikes, without affecting the quality of
spikes. The above combination of nutrients and growth regulators produced 35.27 per
cent increment in flower yield compared to the plants receiving lowest nutrient dose
and no growth regulator. There was also an increment of 6.21 per cent in yield over
plants receiving the same ﬁutricnt dose, without the growth regulator treatment. |

The cost incurred per plant per year for the best treatment was Rs.2.55 and
the nutrient treatment alone was Rs.0.69. The additional expense of Rs.1.86 per plant

e
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for growth regulator application is negligible when the productivity for a larger area is

* considered.
5.3 Post harvest studies

The condition of the spike at the time of sale is one of the deciding factors in
the marketing of orchids. Eventhough orchid blobms stay fresh for a comparatively
longer period, a little care taken at the post-harvest level can reduce losses due to
cultural, mechanical, physiological and pathological reasons (Salunkhe et al., 1990). In
orchids, fading of flowers also occurs due to disturbed pollinia and exposure to
ethylene.

Loss reduction biotechnologies in orchids involve the use of improved
methods of harvesting, packing, transporting, use of low temperature, low pressure and
controlled atmospheric storage, use of chemicals which inactivate the liberated

ethylene and controls microbial contamination and resulting reduction of life of cut

spikes. Such techniques are rarely advocated by growers in Kerala, probably due to the
fact that orchids naturally have a longer vase life. However, it is felt that
standardization of pulsing and holding treatments in the popular dendrobium variety

Sonia 17 would be necessary which may also help to draw some conclusions on the -

behaviour of dendrobium spikes in general. The spikes which have 5-7 florets (4-5
open flowers and 1-2 buds) were used for the study. '

531 Pulsing treatments

Pulsing is the treatment given to the flower stems using a solution containing
floral preservatives or using environment modiﬁcatibﬁs for a period ranging from few
hours to as long as two days immediately after harvest so as to effectively modify the
vase life and quality of cut flowers. This is a treatment usually given before they are
stored or marketed. One .special attraction of pulsing treatments is that fhey are
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effective in extending vase life even if preservatives are not used subsequently, at the -

wholesaler or consumer level.

In the present study, pulsing with a solution containing HQ 500 ppm and
sucrose 5 per cent for 12 hours could extend the vase life up to 19.92 days which was
5.37 days more compared to the control. Physiological loss in weight was minimum for

spikes which received a pulsing treatment of HQ 500 ppm + sucrose 5 per cent for 6

hours and maximum for spikes which did not receive any pulsing treatment. Mimimum

value for EC and maximum longevity of individual floret were observed for pulsing

treatment with HQ 500 ppm + sucrose 5 -per cent for 12 hours. Water uptake was

‘maximum for hot water treatment of spikes at 50-60°C for 10 seconds. Minimum

recorded values for all these characters were for the éontrol, which had a longevity of

15.60 days and vase life of only 6.50 days. Beneficial effects of 8-HQ and sucrose for
pulsing was observed in gladiolus too (Kofranek and Halevy, 1976).

532 Holding solutions

Use of floral preservatives can often at least double the longevity of cut

flowers (Staby and Robertson, 1982).

Distinct influence of different holding éoluﬁons on the post harvest
characters was obéerved in the present study. Maximum vase life of 24.73 days and
maximum lohgevity of individual florets of 27.-50 days were observed for holding
solutions of AgNQO; 50 ppm + HQ 400 ppm + sucrose 5 per cent. Minimum
physiological loss in weight (0.13 g) and EC (0.11 mS g') were also observed in the
same treatment. Similar observations were reported in camations by Chung et al.
(1986) and Katsa (1989) in Dendrobium "Pompadour’ using 200 mg 8-HQ + 50 Iﬂg
AgNO; I'' + sucrose 8 per cent and Ong and Lee (1983) in Oncidium *Golden Shower’
using AgNO; 25-40 ppm + 8-HQ 200 mg 1", Vase life and longevity of individual

floret was minimum in the control, 1.e., distilled water .



533 Effect of combination of pulsing and holding treatments

Vase life, final EC and difference in EC were highest when pulsing
treatment of HQ 500 ppm + sucrose 5 per cent for 6 hours was combined with holding
treatment containing AgNO; 50 ppm + HQ 400 ppm + sucrose 5 per cent. Water
uptake and longevity bf individual floret were highest for combination of pulsing with |
HQ 500 ppm + sucrose 5 per cent and holding containing AgNO; 50 ppm + HQ
400 bpm and sucrose 5 per cent. Physiological loss in weight of spikes is an indication
of the post-harvest life. Minimum physiological loss in weight was recorded when
spikes were pulsed with HQ 500 ppm and sucrose S per cent and subsequently kept in
vase solution containing AgNO; 50 ppm + HQ 400 ppm + sucrose 5 per cent.

‘Autocatalytic ethylene production by flowers is found to be the main reason
for senescence in orchids (Arditti, 1979). Appropriate holding solution which would
allow the flowers to open normally and stay fresh for a greater period would be
beneficial. A common ingredient of holding solutions for cut flowers 8-HQ is a
bactericide (Rogérs, 1973; Halevy and Mayak, 198i), ilaving beneficial effect on water
uptake by reducing physiological plugging (Coorts ef al., 1965) and helps in stomatal
closure, thereby reducing transpiration and physiological loss in weight (Aarts, 1957).
Alone as well as with sucrose, 8-HQ maintains potential xylem conductivity and
sucrose favourably acts on the appearance of cut flowers (Gilman and Steponkus,
1972). The results in the foregoing discussion point to the significance of the above

said characters of 8-HQ alone and in combination with other chemicals like silver

nitrate and sucrose in extending the vase life of orchids.

The effects of HQs plus sucrose and other’chemicals on the extension of
vase-life of certain tropical orchids have been studied and some species were positively
affected but others were not (Novak and Vacharotayan, 1980). In the present study,
combination of 8-HQ and sucrose wés found benefi¢ial both in pulsing and holding
treatments. This is in agreement with the report by Ong (1982) where an increase in



vase life by 14 days was obtained and Hew (1987) where Oncidium flowers showed
extended vase life of 20.2 days by combining 8-HQ 160 ppm'and sucrose 4 per cent.

It was observed from the present study that hot water dip of spikes at 50-
60°C for S seconds increases vase life by 12.50 days‘over control. Supportive results
were obtained by Wangkean and Techanpiyawat (1992). Hot water treatment was
found to enhance the postharvest life by helping the‘stem to recover turgidity.

, From the present study, it is clear that Dendrobium var. Sonia 17 flowers
harvested at 1 or 2 bud stage can be kept fresh in vase upto 3 weeks by giving a
pulsing treatment with a combination of HQ 500 ppm -and sucrose 5 per cent for 12
hours and adding HQ 400 ppm, AgNO; 50 ppm and sucrose 5 per cent to the holding
solution. It was observed in the present study that even without using any special
holding solutions, the vase life could be extended to 19.92 days by pulsing which was
13.42 days more than the control. The advantage is that while it is still possible for the
grower to despatch thé consignment within a day, he can play a significant role in

extending the vase life. Pulsing with warm water at 50-60°C for 5 seconds, on the

" other hand, can be employed as a practically easier and economic way of enhancing

vagse life.

An observation on the refrigeration of flowers at a temperature ranging from
10°C to 20°C as pulsing treatment was not much effeétive as tropical orchuds might be
sensitive to low temperatures. Treatment at temperature of 16°C to 20°C for 24 hours
was found to spoil the spikes as the petals were completely water soaked. |

Future line of work

The present studies on dendrobium var. Sonia 17 can not be considered
conclusive. Hence investigations have to be undertaken to refine the 'resul_ts of the
present study. Since the higher nitrogen ratio was found to enhance vegetative growth,

ratios having even higher nitrogen can be tried. For improvement of flower yield and
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quality more treatments with combinations of GA3 and BA can be studied. The results
of the experiment can also be extended to find effects on other important varieties of
dendrobium as well as other genera. The results of experiment I and experiment II

have to be tried to the same lot of plants to find the combined effect.






6. SUMMARY

Studies on ‘Regulation of growth and flowering in dendrobium var.
Sonia 17 were conducted in the Department of Pomology and Floriculture, College of
Horticulture, VeHanikkara from June 1998 to November 1999 and at Padikkala
Orchids, Thrissur from February to September 1999. The main objectives of the trial
were to reduce the pre-blooming period, to improve the yield and quality and to
enhance the post harvest life of spikes using various chemicals and growth substances.

The results of the study are summansed below.

The influence of nutrient concentrations, frequency of nutrient application
and growth regulators was clearly evident at the various stages of the growth in

dendrobium var. Sonié 17.

Plant height was significantly superiof ﬁopa six to twelve months after

| planting when nutrient concentration used was NPK 30:10:10 at 0.2 per cent
(11.04 cm, at 12 MAP). Nutrient application weekly twice was markedly superior to

that at weekly once, producjng taller plants with the height of 8.98 cm at 12 MAP.

Among the growth regulators studied, GA; 20 ppm \x;as found to produce taller plants

during the entire period of the study and produced plants with a height of 11.81 cm at

12 MAP. At 10 MAP, GA; 10 ppm was on par with GA; 20 ppm with respect to plant

height.

NPK 30:10:10 at 0.2 per cent along with weekly twice application frequencyb

| recorded plant heights 2.41 cm, 3.94 cm, 6.05 ¢cm, 8.76 cm, 11.66 cm and 14.27 cm
from two to 12 MAP, respectively, which excelled all other combinations. Nutrient
concentration of NPK 30:10:10 at 0.2 per cent in combination with GA; 20 ppxh
signiﬁcé.ntly improved height of plants throughout the period of investigation (14.47
cm and 17.88 cm, respectively, at 10 and 12 MAP). NPK 20:10:10 at 0.2 per cent +.
GA; 20 ppm was on par with the above at eight, 10 and 12 MAP (11.24 cm and



12.81 cm, respectively). Combination of NPK 30:10:10 at 0.2 per cent applied weekly
twice + GA; 20 ppm produced tallest plants and was significantly superior to all other
treatments (plant height of 19.50 cm, at 10 MAP).

Shoot production differed markedly with the treatments. During early
months of observation nutrient concentration did not significantly influence shoot
production. At 10 and 12 MAP the highest value for number of shoots (4.80 and 5.30
shoots, respectively) was recorded in plants, which received NPK 30:10:10 at 0.2 per
cent. Superionty of application of nutriénts weekly twice with respect to number of

shoots was clearly evident from initial stages to final month of observation producing .

2.23, 2,65, 3.41, 420, 524 and 5.92 shoots, respectively, from two to 12 MAP.
Among the growth regulators BA 200 ppm was significantly superior to all other
growth regulators in increasing shoot production from four to 12 MAP (2.40, 3.26,
4.58, 6.06 and 7.39 shoots, respectively). At two and four months after planting BA

[4

100 ppm was on par with the above.

Significantly higher shoot production (6.34 shoots, at 12 MAP) was noticed
when NPK 30:10:10 at 0.2 per cent was combined with weekly twice application
frequency. Treatment combination of NPK 30:10:10 at 0.2 per cent and BA 200 ppm
was found to enhance number of shoots significantly, producing 8.25 shoots at 12
MAP. Combination of BA 200 ppm and weekly twice application of nutrients
markedly enhanced shoot production (9.03 shoots" at 12 MAP). Among the
combination of all the three factors, NPK 30:10:10 at 0.1 per cent as well as 0.2 per
cent, apphed weekly twice + BA 200 ppm were significantly superior to all other
treatment combinations with respect to number of shoots (7.67).

" In the case of shoot girth, maximum value was recorded when NPK

30:10:10 at 0.2 per cent was applied (4.85 cm at 12 MAP). Significant increase in girth

of pseudostem was evident for weekly twice application of nutrients throughout the

“study (1.91 cm, 2.53 cm, 3.08 cm, 3.49 cm, 4.32 cm and 4.74 cm, respectively from
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two to 12 MAP). Among the growth regulators IAA, 500 ppm recorded maximum
values for shoot girth at two (2.04 cm), four (2.69 cm), six (3.21 cm) and eight
(3.39 cm) MAP. At 10 and 12 MAP, BA 200 ppm produced maximum girth of

4.39 cm and 4.68 cm, respectively. IAA 500 ppm recorded values on par with the -

above (4.32 cm and 4.65 ci, respectively).

Maximum shoot girth was observed when NPK 30:10:10 at 0.2 per cent was

applied weekly twice (5.39 c¢cm, at 12 MAP). Combination _of IAA 250 ppm and NPK
30:10:10 at 0.2 per cent recorded the highest value for shoot girth (5.28 cm) at
12 MAP. BA 200 ppm substituted in the above gave values on par (5.25 cm, at
12 MAP), \j’hen IAA 500 ppm was applied in plants receiving nutrients weekly twice,

maximum shoot girth was obtained (5.36 cm, at 12 MAP). At 10 MAP, treatment

combination of NPK 30:10:10 at 0.2 per cent applied weekly twice + IAA 500 ppm
gave the highest value of 5.80 ¢m for shoot girth. ‘

Leaf production was sigmficantly superior in plants which received NPK
30:10:10 at 0.2 per cent throughout the period of observation (10.3 leaves, at 10 MAP).
Significant increase in the number of leaves was observed when application of
nutrients was weekly twice (4.27, 5.03, 5.92, 6.99, 8.83 and 11.27 leaves from two to
12 MAP). BA 200 ppm i)roduced maximum number of leaves from four to 12 ‘MAP
(4.94, 6.25, 7.81, 10.57 and 15.40 leaves, respectively). At four MAP, BA 100 ppm
recorded leaf number on par with the above (4.88).

Interaction effect of NPK 30:10:10 at 0.2 per cent and weekly twice
application frequency recorded significantly more number of leaves (4.91, 5.83, 7.38,
9.10, 10.83 and 13.07, respectively, from two to 12 -MAP) compared to other
combinations. NPK 30:10:10 at 0.2 per cent + BA 200 ppm recorded maximum
number of leaves (17.33, at 12 MAP). For v'veekly twice application of nutrients BA
.200 ppm was found to produce significantly greater number of leaves (9.67, 14.89 and
'21.31 leaves, respectively, from eight to 12 MAP). A combination of NPK 30:10:10 at
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0.2 per cent applied weekly twice with BA 200 ppm was superior compared to other

combinations in producing more number of leaves (19.83 at 10 MAP).‘

Total leaf area showed maximum valﬁes of 29.74 ¢m® 41.00 cm?
58.80 cm?, 99.10 cm?, 139.92 cm® and 198.65 cm?, respectively, from two to 12 MAP
when nutriemt concentration of NPK 30:10:10 at 0.2 per cent was applied. Application
of nutrients weekly twice could significantly enhanée the leaf area (158.25 cm?,
- compared to 99.33 c¢m® for weekly once). Highest leéf area was produced in
plants when BA 200 ppm was applied from fourth month after planting. Initially, IAA
500 ppm recorded the highest values of 26.00 cm?, 39.08 cm® 59.68 cm®, 123.17
cm?, 174.60 ¢cm® and 223.00 cm?, respectively, for total leaf area and at four MAP,
IAA 500 ppm recorded values on par with BA 200 ppm, recording a leaf area of
38.62 cm’, '

Total leaf area was significantly higher throughout the experiment when
NPK 30:10:10 at 0.1 per cent was applied weekly twice (19.36 cm’, 41.20 cm’,
58.98 cm’®, 100.84 cm?, 148.30 cm?, 203.35 cm?, respectively from two to 12 MAP).
Combination of NPK 30:10:10 at 0.2 per cent and BA 200 ppm produced the highest
values for total leaf area from four to 12 MAP (48.98 cm’, 55.75 cm’, 89,36 cm’,
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175.23 cm® and 203.41 cm®, respectively). BA 100 ppm substituted in the above |

combination recorded values on par with the above. BA 200 ppm was found to
“produce highest values for total leaf area when applied in plants which received NPK
30:10:10 at 0.2 per cent weekly twice.

Number of roots was markedly higher for NPK 30:10:10 at 0.2 per
cent(33.14), weekly twice application (29.19) and IAA 500 ppm (32.00). Among the
growth regulators, IAA 250 ppm, BA 200 ppm and 100 ppm were on par with the
above (29.6, 26.6 and 26.0 roots, respectively). Combinations which signiﬁcantly
increased root number were NPK 30:10:10 at 0.2 per cent weekly twice, NPK



30:10:10 + BA 200 ppm and weekly twice applicatié)n of nutrients + BA 100 ppm,
which produced 38.9, 42.0 and 33.2 roots, respectively.

Biomass production was the highest for NPK 30:10:10 at 0.2 per cent

(6.09 g), weekly twice nutrient application (3.20 g) and BA 200 ppm (4.46 g), which

showed individual direct effect. Combinations which were found superior with respect
to biomass production were NPK 30:10:10 at 0.2 per cent applied weekly twice, NPK
30:10:10 at 0.2 per cent + BA 200 ppm and nutrient application weekly twice + BA
200 ppm (7.40 g, 6.94 g and 5.66 g, respectively). |

Nitrogen content in dendrobium var. Sonia 17 was significantly higher when
nutrient applied was NPK 30:10:10 at 0.2 per cent (1.58%) and frequency was weekly
twice (1.91%). Among the growth regulators tried, BA 200 ppm recorded the highest
nitrogen content {1.39%) followed by BA 100 ppm (1.37%) and IAA 500 ppm
(1.37%) which were on par with the above.

NPK 30:10:10 at 0.2 per cent appled weelély twice recorded maximum N
content of 2.23 per cent. When nutrients and gr_ov&th regulators were applied in
combination, NPK 30:10:10 at 0.2 per cent + IAA 250 ppm recorded the maximum N
content (1.72%). BA 200 ppm, IAA 500 ppm and BA 100 ppm substituted in the

above combination produced values on par with the above (1.69%, 1.69% and 1.66%,

respectively). BA 200 ppm when applied to plants, ;vh'ich received nutrients twice
weekly gave the highest value for N content (2.04%). Combination of NPK 30:10:10 at
0.2 per cent applied weekly twice + IAA 250 ppm was significantly superior to all

other combinations with respect to N content (2.47%).

Phosphorus content in plant parts was maximum (0.38%) when NPK

10:10:10 at 0.1 per cent was applied. Frequency of application weekly twice was

superior (0.46%) compared to weekly once (0.14%). BA 100 ppm recorded highest

value for P content (0.39%). NPK 10:10:10 at 0.2 per cent when combined with

weekly twice application frequency recorded the highest P content of 0.60 per cent.
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Combination of 10:10:10 NPK 0.1 per cent with JAA 500 ppm gave the highest value

for P content (0.47 per cent). For plants receiving nutrients weekly twice, IAA

500 ppm produced the highest P content in plant parts (0.54%). Maximum value for P

content (0.66%) was observed in plants which received a combination of NPK

30:10:10 at 0.2 per cent sprayed weekly twice + IAA 250 ppm.

Potassium content in plant parts was mgmﬁcantly higher due to the single
dlrect effect of NPK 10:10:10 at 0.2 per cent (2.71%), weekly twice application
frequency of nutrients (2.51%) and IAA 250 ppm (2.62%). The combinations which
yielded highest values for K content were NPK 20:10:10 at 0.2 per cent + weekly
twice application frequency, NPK 30:10:10 at 0.2 per-cent + IAA 500 ppm, nutrients
applied weekly twice + IAA 500 ppm and NPK 30:10:10 at 0.2 per cént applied
weekly twice + IAA 250 ppm (2.81%, 2.96%, 2.99% ané 4.00%, respectively).
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Calcium content recorded was the highest for NPK 30:10:10 at 0.2 per cent

(2.83%), weekly twice frequency of nutrient application (3.66%) and BA 200 ppm
(2.86%). Combinations of different treatments which géve the highest Ca éontent were
NPK 30:10:10 applied twice a week (4.74%), NPK 30:10:10 at 0.2 per cent + IAA
500 ppm (3.63%) and IAA 500 ppm + weekly twice application of nutrients (4.42%).

Nutrient concentration which gave the highg'ét Mg content of 0.85 per cent
was NPK 30:10:10 at 0.2 per cent. Weekly twice application of nutrients (1.10%) and
IAA 250 ppm (0.96%) had maximum single direct effect on Mg content. Interaction
was significantly superior for NPK 30:10:10 at 0.2 per ‘cent + weekly twice @pﬁ@m
frequency (1.42%), NPK 30:10:10 at 0.2 per cent + BA 200 ppm (1.06%) and weekly
twice application of nutrients + BA 200 ppm (1.37%).

Copper content was the highest due to single direct effect of NPK 20:10:10
at 0.2 per cent (16.68 ppm), weekly twice application of nutrients (15.17 ppm) and
IAA 500 ppm (16.42 ppm). Combination of treatments which gave significantly higher
copper content were NPK 30:10:10 at 0.2 per cent applied weekly twice (20.57 ppm)



and NPK 30:10:10 at 0.2 per cent + BA 200 ppm (25.50 ppm) and weekly twice
application of nutrients + IAA 500 ppm (23.17 ppm). -

NPK 10:10:10 at 0.1 per'cent_ recorded the highest Fe content of 882 ppm,
which was significantly superior to all other nuuieng"conc_enﬁations. Weekly thce
application of nutrients (520 ppm) and IAA 500 ppm (610 ppm) also had single &irect
effect. Among the combination of treatments NPK 30:10:10 at 0.2 per cent quh'ed
twice a week (574 ppm), NPK 30:10:10 at 0.2 per cent+ [AA 500 ppm (872 ppm) and
weekly twice nutrient application + IAA 500 ppm gave the highest iron content
(659 ppm).

Treatments like NPK 10:10:10 at 0.1 per cent (482 ppm), nutrient
application twice a week (281 ppm) and IAA 500 ppm (291 ppm) gave the highest Zn
content in the plant parts. Treatment combinations, viz., weekly twice applicatjon of
NPK 30:10:10 at 0.2 per cent (371 ppm), NPK 30:10:10 at 0.2 per cent + BA 200 ppm
(416 ppm) and IAA 500 ppm + weekly twice application of nutrients (313 ppml gave

the highest Zn content in dendrobium var. Sonia 17.

For Mn content, individual direct effect of NPK 30:10:10 at 0.2 per cent

(801 ppm), weekly twice application frequency (700 ppm) and IAA 500 ppm

(479 ppm) were recorded highest values. A combination of NPK 30:10:10 at 0,2 per

cent applied weekly twice (956 ppm), NPK 30:10:10 at 0.2 per cent IAA 500 ppm
- (983 ppm) were found to be significantly superior.

[

Uptake of N, P and K was significantly high when NPK 30:10:10 at 0.2 per
cent was applied (9.62 g, 2.31 g and 15.98 g, respectively). Uptake of all the three
major nutrients was the highest (9.93 g, 2.39 g and 13.05 g, respectively) When
nutrients were applied weekly twice. Uptake of N was significantly high (6.20 g) when
BA 200 ppm was sprayed, whereas IAA 500 ppm recorded the highest values in the
case of P and K uptake (1.46 g and 9.98 g, respectively). Combination of NPK
20:10:10 at 0.2 per cent with weekly twice application recorded highest N content of
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16.79 g, whereas NPK 30:10:10 at 0.2 per cent applied weekly twice was significantly
superior in the case of P (4.22 g) and K (25.53 g) uptake. N, P and K uptake was
significantly increased by combination of NPK 30:10:10 at 0.2 per cent + BA 200 ppm
(11.73g,271 g and 19.50 g, respectively). N uptake recorded highest value when BA
200 ppm was applied to plants receiving nutrients weél§1y twice (11.55 g), wheteas P

and K uptake (2.88 g and 15.97 g, repectively) were hlggerm plants which received

nutrients twice weekly + IAA 500 ppm.

Earliest flowening (300 DAP) was recorded mn plants which received a
treatment combination of NPK 30:10:10 at 0.2 per cent applied weekly twice + BA
200 ppm, followed by NPK 20:10:10 at 0.2 per cent in the above combination (308

DAP). Since plants of most of the other treatments were not eipécted to flower in the

near future the data were not recorded here.

Nutrients, frequency of nutrient application and growth regulators markedly
influenced flower yield and quality in dendrobium var. Sonia 17. Individual effect of
NPK 10:20:20 at 0.2 per cent (5.62 spikes), weekly ‘twice nutrient application (5.21
spikes) and BA 100 ppm (5.26 spikes) recorded the maximum number. NPK 10:20:10
at 0.2 per cent applied weekly twice gave 5.61 spikes. Combinations of BA 100 ppm
spray + weekly twice application of nutrients and NPK 10:20:10 at 0.2 per cent weekly
twice + BA 100 ppm gave maximum spike production per plant (5.59 and 6.49 spikes,

respectively).

Maximum number of florets per spike was produced by single direct eﬁ'ect
of NPK 10:20:20 at 0.2 per cent (7.63), twice weekly application of nutrients (7.53)
and BA 100 ppm (8.46). BA 50 ppm + GA; 10 ppm recorded values on par with the
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above. Combination of NPK 10:20:20 at 0.2 per cent applied twice and NPK 10:20:10 |

at 0.2 per cent in combination with BA 100 ppm gave maximum number of florets per
spike (8.29 and 9.75 spikes, respectively). BA 100 ppm combined with weekly twice
application of nutrients was superior with respect to number of florets per spike (9.25).
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Spike length was signiﬁéan_tly superior when nutrient applied was NPK
10:20:20 at 0.2 per cent (44.49 cm) and NPK 10:20:1'0 at 0.2 per cent. Weekly twice
application of nutrients (46.32 ¢cm) and GA3 20 ppm (48.89 cm) had positive single
direct effect on spike length. Positive effect of treatment combination was recorded for
NPK 10:20:10 at 0.2 per cent applied weekly twice (47.33 cm), NPK 10:20:10 at 0.2
per cent + GA; 20 ppm (50.30) and NPK 10:20:20 uat 0.2 per cent applied weekly
twice + GA; 20 ppm (52.37 cm). ‘ |

Marked differences in stalk length were not observed due to influence of
nutrient concentrations. Application of nutrients weekly twice was found to produce
more stalk length than weekly once (24.02 cm). BA 100 ppm recorded mggnﬁcantly
hlgher values for stalk length throughout the experiméntal period (26.02 ¢cm). Among
treatment combinations, NPK 10:10:10 at 0.2 per cent gave the highest value when
applied weekly twice (25.14 cm). At seven months after treatment, NPK 10:20:20 at
0.2 per cent + BA 100 ppm (26.45 cm) and weekly twice nutrient application + BA
100 ppm recorded the highest value (29.52 cm) for stalk length of spikes. Combination
of NPK 10:20:20 at 0.2 per cent applied weekly twice + BA 100 ppm gave maxtmum
stalk length (29.90 cm). |

Rachis length was due to positive single direct effect of NPK 10:20:10 at 0.2

per cent (23.91 cm), weekly twice nutrient application (23.05 cm) and BA 50 ppm +
GA; 10 ppm (25.17 cm). GA; 20 ppm and 10 ppm were on par with the above gowth

regulator treatment. Among the treatment combinations, NPK 10:20:10 at 0.2 per cent
applied weekly twice (23.91 cm), NPK 10:20:10 at 0.2 per cent + GA; 20 ppm

(27.51 cm), weekly twice application of nutrients along with BA 50 ppm + GAs
10 ppm gave the highest rachis length (27.20 ¢cm). Among the combination of all the
three factors, highest rachis length was recorded for NPK 10:20:10 at 0.2 per cent
apphied weekly twice in combination with BA 50 ppm + GA3 10 ppm (30.15 cm).



Internodal length was highest due to the direct single effect of NPK 10:20:10
at 0.2 per cent (3.44 cm), weekly twice application &f nutrients (3.40 cm) and GA;
20 ppm (4.10 cm). GA3 10 ppm was on par with the above. Combination of nutrient
concentraﬁon NPK 10:20:10 at 0.2 per cent applied weekly once (3.58 cm) and NPK

10:20:10 at 0.2 per cent + GA; 20 ppm (4.62 cm) significantly enhanced internodal

length. In the case of combination of all the three féctors, NPK 10:20:10 at 0.2 per cent
applied weekly once + GA3 20 ppm produced the longest intemodes (5.14 cm).

Girth of spike was increased with NPK 10:20:20 at 0.2 per cent (1.74 ¢m),

application of nutrients weekly twice (1.61 cm) and BA 100 ppm (1.97 cm).
'Combinations of treatments which gave maximum girth of spike were NPK 10:20:20
at 0.2 per cent (1.80 ¢cm) applied weekly once, NPK 10:20:20 at 0.2 per cent + BA
100 ppm (2.41 cm), weekly twice application of nutrients + BA 100 ppm (2.20 cm)
and NPK 10:20:20 at 0.2 per cent applied weekly twicé + BA 100 ppm (2.95 cm).

Annual spike production was the highest for individual effect of NPK
10:20:20 at 0.2 per cent (11.14), weekly twice application of nutrient (10.42) aﬁd BA
100 ppm (10.52). In the combingtion of treatments, NPK 10:20:10 at 0.2 per cent
applied weekly twice (11.22), NPK 10:20:10 at 0.2% + BA 100 ppm (12.98) and
weekly twice application of nutrients + BA 100 ppm (11.10) were superior.

Interval of spike production was the lowest for NPK 10:20:10 at 0.2 per cent
(32.62 days), weekly twice application of nutrients (35.03 days) and BA 100 ppm
(34.70 days). Among combination of treatments, NPK 10:20:10 at 0.2 per cent applied

weekly twice (32.53 days), NPK 10:20:10 at 0.2 per cent + BA 100 ppm and weekly -

twice application of nutrients + BA 100 ppm produced consecutive spikes with

minimum interval (28.12 days and 32.65 days, respectively).

Floret size was found to be signiﬁcéntly influenced by treatment
combinations. NPK 10:10:10 at 0.1 and 0.2 per cént apgiie_d weekly once + BA
100 ppm and NPK 10:20:20 at 0.1 per cent weekly once + BA 100 ppm reduced the
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size of floret to 6.0 cm x 6.0 cm. Largest floret (8.0 cm x 8.5 cm) was observed in
plants receiving NPK 10:20:10 at 0.1 per cent applied weekly once and twice + GA;
20 ppm.

Various pulsing and holding treatments and their combinations significantly
influenced post harvest behaviour of spikes. Among the pulsing treatments, the
minimum loss of weight (0.93 g) of spikes was recorded for HQ 500 ppm + sucrose 5
per cent for 6 hours. Spikes took longest time for wilt of one floret (19.92 days) when
pulsed with HQ 500 ppm + sucrose 5 per cent. Final EC (2.13 mS g") and water
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uptake (19.99 ml) were maximum in hot water dip treatment at 50°-60°C for 10 |

seconds. Days taken to wilt of last floret was the highest for HQ 500 ppm + sucrose 5
per cent for 12 hours (25.00 days).

Loss of weight of spikes was minimum (0.13 g) and vase life of spike was
maximum (24.73 days) for holding treatment containing :AgNO; 50 ppm + HQ
400 ppm + sucrose 5 per cent. Maximum EC was recorded in holding solution
containing Triadimefon 20 ppm (3.75 mS g). Difference between initial and final EC
was maximum for AgNO; 50 ppm + HQ 400 ppm + sucrose 5 per cent (0.11 mS g").
Water uptake was the highest in AgNOs 25 ppm + sucrose 5 per cent (19.50 ml). Days
taken to wilt of last floret was maximum (30.50 days) in AgNO; 50 ppm + HQ

400 ppm + sucrose 5 per cent.

Pulsing and holding in combination gave significant differences in post

harvest characters. Minimum weight loss (0.10 g) was observed for pulsing with FHQ |

500 ppm + sucrose 5 per cent and holding solution containing AgNO; 50 ppm + HQ

400 ppm + sucrose 5 per cent. Time taken for wilting of one floret was maximum

(28.50 days) for a combination of pulsing solution containing HQ 500 ppm + sucrose 5

per cent for 6 hrs and holding solution containing AgNO; 50 ppm + HQ 400 ppm + -

sucrose 5 per cent. Final EC (0.28 mS g") of holding solution and difference in EC
(0.06 mS g") were the highest for the combination of pulsing in HQ 500 ppm +



sucrose 5 per cent for 6 hours and holding in AgNO; 50 ppm + HQ 200 ppm + sucrose
5 per cent. Water uptake by spikes (28.20 ml) and d@ys taken to wilt of the last floret

(32.00 days) were maximum when the spikes were pulsed with HQ 500 ppm + sucrose

5 per cent for 12 hours and kept in holding solution containing AgNO; 50 ppm + HQ
400 ppm + sucrose 5 per cent. | .
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APPENDIX-I

Meteorological data during the cropping period from May 1998-October 1999

Month Temperature °C Rainfall | Rainy | Relative humidity % | Mean Wind
Maximum | Minimum | (mm) days | Morning | Evening | sunshine | speed
(hrs) )
1998
May 34.1 25.2 203.0 9 90 63 7.6 2.6
June 30.2 233 809.3 24 94 79 34 2.7
July 29.2 236 752.9 28 96 80 33 238
Angust 29.8 239 433.5 8 95 77 36 2.5
September 30.2 233 571.3 24 9% 78 4.1 2.0
October 28.0 22.8 452.8 18 94 76 48 1.7
November 31.5 23.1 109.4 9 92 64 7.2 1.8
December 30.1 22.9 33.0 4 79 58 6.6 5.7
1999
January 324 215 0.0 0 76 40 93 -
February 34.5 233 228 1 77 35 9.1 -
March 355 24.5 0.0 0 88 48 8.8 -
April 33.4 25.6 39.0 4 88 58 10.3 -
May 30.7 24.7 430.5 18 92 72 49 -
June 294 23.0 500.2 28 94 75 5.0 -
July 28.4 23.0 823.3 28 96 82 24 -
August 298 229 260.1 12 94 73 55 -
Sepiember 31.6 23.4 284 3 89 63 7.1 2.1
October 30.5 23.2 506.2 15 94 75 48 1.6
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ABSTRACT

[

Studies on 'Regulation of growth and flowering in dendrobium var.
‘Sonia 17 were conducted in the Department of Pomoiégy and Floriculture, College of
Horticulture, Vellanikkara from June 1998 to November 1999 and at Padikkala
Orchids, Thrissur from February to September 1999. The main objectives of the studies
were to reduce the pre-blooming period, to impfovg_: the yield and quality and to

enhance the post harvest life of spikes using various treatments.

Plant height was significantly superior (19.50 cm at 10 MAP) with the\
combination of NPK 30:10:10 at 0.2 per cent, applied weekly twice + GA; 20 ppm.
With respect to number of shoots, NPK 30:10:10 at 0.2 per cent, apphed weekly twice
+ BA 200 ppm was most effective (with 7.67 shoots). Shoot girth recorded maximum
value (5.80 cm) at 10 MAP in the treatment combination of NPK 30:10:10 at 0.2 per
cent, applied weekly twice + 1AA 500 ppm. |

Plants which received NPK 30:10:10 at 0.2 per cent weekly twice along
with BA 200 ppm recorded maximum leaf production (19.83 leaves at 10 MAP). In
the case of total leaf area, BA 200 ppm produced maximum value (210.12 cm?) in
combination with NPK 30:10:10 at 0.2 per cent, applied weekly twice. Number =~ of
roots was markedly higher for NPK 30:10:10 at 0.2 per cent weekly twice with BA
200 ppm, which produced 42.0 roots. ‘

Biomass production (dry weight) was the highest (6.94 g/plant) for NPK
©30:10:10 at 0.2 per cent, applied weekly twice + BA 200 ppm. The combination of
NPK 30:10:10 at 0.2 per cent, applied weekly twice + IAA 250 ppm recorded the
highest nitrogen content of 2.47 per cent. This was on par with BA 200 ppm, IAA 50
ppm and BA 100 ppm in combination with the same level of nutrients. Maxjmum
value for P content (0.69%) was observed in the combination of NPK 30:10:10 at 0.2
per cent, sprayed weekly twice + IAA 500 ppm. The growth regulator component was
on par with IAA 250 ppm. The combination which yielded highest value for K content



(4.00%) was NPK 30:10:10 at 0.2 per cent, applied weekly twice + IAA 250 ppm. The .
same level of nutrients with IAA 500 ppm was on par with this.

The contents of Ca and Mg were higher with higher nitrogen levels and
frequencies, coupled with BA 200 ppm (for Ca) or IAA 250 ppm (for Mg). In the case
of micro-nutrients (Cu, Fe, Zn and Mn), lower levels of nitrogen at higher frequencies,
in combination with IAA 500 ppm, re<_:or_d¢d higher values. |

Uptake of N, P and K was the highest with the combination of NPK
30:10:10 at 0.2 per cent, applied weekly twice + BA 200 ppm (11.73 g, 2.71 g and
19.50 g, respectively). Uptake of P was on par for IAA 500 ppm, with the above“ level
of nufrients. |

‘Earliest flowering (300 DAP) was recorded in plants which received a
treatment combination of NPK 30:10:10 at 0.2 per cent, applied weekly twice + BA
200 ppm. Plants receiving the nutrient level of NPK 20:10:10 m the above
combination flowered next (308 DAP).

Nutrients, their frequency of application and growth regulators markedly
mfluenced ﬂoWer yield and quality. A combination of NPK 10:20:10 at 0.2 per cent,
applhied weekly_ twice + BA 100 ppm recorded the maximum number of spikes per year
(12.98) and number of florets per spike (10.50). Spike length was significantly suberior
(55.40 cm) for NPK 10:20:20 at 0.2 per cent, applied weekly twice + GA3; 20 ppm.
Longest stalks (30.10 cm) were produced at the same level of nutrients, coupled with
BA 100 ppm. A treatment combination of NPK 10:20:10 at 0.2 pe_:r‘ cent applied
weekly twice + (BA 50 ppm + GA3 10 ppm) produced the longest rachis (30.25 cm),
which was on par (30.16 cm) with the above nutrients applied weekly once + GAj3 20
pPpm. Ihtemodal length was the highest (5.14 cm) in the combination of NPK 10:20:10
at 0.2 per cent, applied weekly once + GA3 20 ppm. Girth of spike was maximum
(2.95 cm) with NPK 10:20:10 at 0.2 per cent, applied weekly twice + BA 100 ppm.



The interval of spike production was the least (28.12 days) for NPK .
10:20:10 at 0.2 per cent, applied weekly twice + BA 100 ppm. Floret size was reduced
to 6.0 cm x 6.0 cm by the treatment combinations NPK 10:10:10 at 0.1 per cent
(weekly once or twice) or 0.2 per cent (weekly once) + BA 100 ppm. Large_s‘t\ﬂoret
size of 8.0 cm x 8.5 cm was observed in plants receiving NPK 10:20:10 at 0.1 6r 0.2
per cent, applied weekly twice + GA3 20 ppm.

Various pulsing and holding tréatments and their combinations significantly
influenced the post harvest behaviour of spikes. Among the pulsing ‘t_regu\nents.,
minimum loss of weight (0.93 g) of spikes was recorded when kept in HQ 500 ppm +
sucrose 5 per cent for 6 hours. Spikes took the longest time (19.92 days) for the vfilting
of one floret (vase life) when pulsed with HQ 500 ppm + sucrose 5 per cent for 12
‘hours. Final EC (2.13 mS g) and witer uptake (19.99 ml) were the highest in hot
- water dip treatment at 50°-60°C for 10 seconds. Days to wilt of the last floret was the
highest (25.00 days) when treated with HQ 500 ppm + sucrose 5 per cent for 12 hours.

Minimum loss of Weight of spike (0.13 g), maximum days to wilt of the last
floret (30.50 days) and maximum vase life of spike (24.73 days) were recorded by the
holding treatment containing AgNO; 50 ppm + HQ 400 ppm + sucrose 5 per cent.
Maximum EC (3.75 mS g') was recorded for Triadimefon 20 ppm. Difference
between initial and final EC was maximum (0.11 mS g") for AgNO; 50 ppm + HQ
400 ppm + sucrose 5 per cent. Water uptake was highest (19.50 ml) in AgNO; 25 ppm

+ sucrose 5 per cent.

Pulsing and holding treatments, in combination, gave significant differences
m post harvest characters. Mimimum weight loss (0.07 g) was observed when
pulsed with HQ 500 ppm + sucrose 5 per cent for 12 hours and kepf m the holding
solution contajning AgNO3 50 ppm + HQ 400 ppm + sucrose 5 per cent. Final EC
(0.28 mS g") of holding solution was the highest for the combination of pulsing
treatment of HQ 500 ppm + sucrose 5 per cent for 12 hours and holding treatment of



quality more treatments with combinations of GAs and BA can be studied. The results
of the experiment can also be extended to find effects on other important varieties of
dendrobium as well as other genera. The results of experiment I and experiment II

have to be tried to the same lot of plants to find the combined effect.





