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1. INTRODUCTION

Floriculture is an international multi billion dollar industry which includes the
cultivation and marketing of various cut flowers, loose flowers, potted flowering and foliage
plants, cut greens and various floricultural products. Nowadays commercial floriculture has
increased its credibility by providing excellent self-employment for youth and good
remuneration for small and marginal farmers due to increased returns per unit area. India is
bestowed with varied agro climatic conditions and enormous genetic diversity which offer
inimitable scope for expansion of floriculture industry in our country. Floriculture sector is
considered as one of the esteemed focus segments by the government of India. Traditional
flowers have been the main stay in the country but in recent times commercial production of
cut flowers like rose, carnation, gerbera, orchids, anthurium, etc. under protected condition

for export purpose is gaining momentum day by day.

Orchids are elegant cut flowers that capture the title of ‘highest selling flower’ in
Indian cut flower industry due to their unique shape, size, colour and characteristic aroma of
certain species. As orchids symbolize wealth, beauty and social status, a tremendous increase
in use of these flowers for social functions was noticed in the past few years (De and Pathak,

2015).

Among the diversified species of orchids, Dendrobium is the most commonly grown
species in India, especially in Kerala. These species are either epiphytic or occasionally
lithophytic, adapted to wide variety of habitats. Floriferousness, year round availability and
long vase life make it an excellent cut flower of international importance (Sunil et.al, 2015).
The combined tropical and subtropical climate of Kerala due to the peculiar elevation from
sea level is highly congenial for growing of Dendrobium orchids than any other place.
Commercial growers of Dendrobium in Kerala are facing many problems including
inclement weather, pest and disease attack as well as lack of technical knowhow. They are
unaware of the scientific nutrient management practices and in order to obtain a profitable
yield, growers are adopting their own methods like use of homemade organic mixtures,
readymade formulations available in the market, etc. Injudicious nutrient management
practices lead to a decline in crop yield and a higher incidence of pests and diseases besides

affecting the production of export quality flowers.



Orchids are highly specific in their nutrient requirement and in addition to the
environmental factors, quality and quantity of nutrients, their quantity and time of application

are also very important for the production of quality spikes.

Bioinoculants are single or multiple species of microorganisms which improve the
crop growth and yield through various mechanisms like enhanced nutrient absorption,
production of phytohormones, biotic and abiotic stress tolerance, etc. Commercial
formulations of bioinoculants are widely used in crop production programmes of various
ornamentals. Application of exogenous growth hormones has also been reported to increase

the yield and quality attributes in ornamental crops.

Positive influence of organic and inorganic sources of nutrients, growth hormones and
plant growth promoting micro-organisms, the rate and frequency of application, for
improving growth and yield of Dendrobium have been well documented in various
experiments conducted at Department of Floriculture and Landscaping of the College of
Horticulture, KAU during different periods. Still there is a need to develop a package which
integrates the benefits from all possible sources of organic, inorganic and biological

components that could be recommended to orchid growers.
Hence the present study was conducted with the following objectives

1. To Evaluate the response of Dendrobium to organic and inorganic nutrients, growth
regulators and bioinoculants

2. To refine the existing nutrient management practices for Dendrobium orchids.
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2. REVIEW OF LITERATURE

Orchids occupy a prime position among the top ten cut flowers in the world. Due to
exquisite beauty and wide adaptability, Dendrobium orchids are most commonly cultivated in
tropical regions throughout the world. Kerala has great potential for cultivation of
Dendrobium orchids, since the prevailing climatic conditions are highly congenial for the
growth and flower production of this species. Like any other crop, integrated use of organic
and inorganic sources of nutrients was proved to be an effective tool for yield enhancement in
orchids. Incorporation of various bio-inoculants in nutrient management schedule of
ornamentals is one of the current approaches for improvement of growth and yield. Bio-
inoculants are inoculum of a single species or assemblage of different species of
microorganisms which exert direct or indirect benefits on plant growth through various
mechanisms. It has also been observed that exogenous application of growth substance like
cytokinines positively influence the flower production in orchids. Literature pertaining to the
effect of various inorganic and organic nutrients, bioinoculants and growth regulators on

orchids and other ornamental crops are reviewed hereunder.

2.1  EFFECT OF INORGANIC NUTRIENTS

Orchids have specific nutrient requirements. Quantity of nutrients, rate of application
and stage of crop growth at which they are applied have a major role in deciding ultimate
growth and yield. Mineral requirement of orchids and their supply through various inorganic

sources of nutrients have been studied by various scientists.

Swapna (2000) reported that application of NPK 10:20:20 in the form of ammonium
nitrate, orthophosphoric acid and potassium nitrate at the rate of 0.2 per cent resulted in

highest spike production in Dendrobium variety Sonia 17 and the plant height was



significantly superior when NPK 30:10:10 was applied at the rate of 0.2 per cent weekly

twice.

Studies conducted by Shobhana (2000) revealed that out of different nutrient
solutions, application of NPK mixture 30:10:10 at the rate of 0.2 percent on alternate days
resulted in an improvement in vegetative characters in terms of number of leaves and shoots
in Dendrobium. Nandini (2000) reported an effective improvement in the leaf length, leaf
width and leaf perimeter in Dendrobium cv. Sonia 17 when treated with NPK 30:10:10 at a

concentration of 0.2 per cent along with 200 ppm BA.

Maximum chlorophyll content in leaves was observed during shoot emergence in
Dendrobium ‘Sonia 17" when sprayed with NPK 13:27:27 at the rate of 0.1 per cent at twice
in a week + 97 (Nair, 2001). He also observed a positive influence of nitrogen concentration
on shoot emergence in Dendrobium cv. Sonia 17 and reported that the application of fertilizer
mixture of NPK in the ratio of 3:6:1 during vegetative and 1:2:2 during flowering phase
significantly improved the growth and yield in Dendrobium. Application of NPK 30:10:10 at
the rate of 0.2 per cent twice a week was found to be very effective for improving vegetative
parameters like leaf length and leaf width in Dendrobium Sonia .17 (Devi and Chezhian,

2001).

A significant increase in plant height was observed in Dendrobium ‘Sonia 17" when
0.2 per cent NPK 20:10:10 of was applied in combination with 100 ppm BA (Anon, 2003).
Rajeevan and Swapna (2003) recorded maximum length of spike, number of spikes, number
of florets, rachis length and intermodal length in Dendrobium when sprayed with NPK

10:20:10 at the rate of 0.2 per cent.

Maximum number of flowers per spike was observed in Cymbidium cv. ‘Show girl

Cook’s Bridge’” when the plants were applied with NPK 15:5:5 at the rate of 0.3 per cent and



a reduction in number of flowers per spikes was noticed when the concentration was above

15:5:5 (Naik and Barman, 2006).

Ramachandrudu (2008) observed maximum spike length and floret diameter in
Dendrobium ‘Mona Red’; more number of florets per spike in Dendrobium ‘Burena Zeb’ and
highest number of spikes per plant in Dendrobium ‘Singapore’ with the application of NPK

10:30:30 at 0.2 per cent twice in a week.

According to Dinesh (2009) application of NPK 3:1:1 during vegetative phase and
1:2:2 during flowering phase at 0.2 per cent weekly twice resulted in maximum chlorophyll
content in Dendrobium cv. Earsakul. He also observed maximum number of roots per plant
when they were applied with NPK 3:1:1 during vegetative and 1:2:2 during flowering phase

along with organic mixture, Piriformospora indica and bone meal in the same variety.

Application of NPK 30:10:10 at the rate of 0.1 per cent gave the best results in terms
of various growth attributes like leaf length, width, number of pseudobulbs per clump,
pseudobulb length and pseudobulb girth in one year old plants of Cymbidium (Naik et al.,
2010). According to Nair and Sujatha (2010) the maximum number of productive canes per
plant in Dendrobium var. Sonia 17 was with the treatment of NPK 1:6:1 at the rate of 0.2 per
cent at biweekly intervals and maximum number of leaves per plant was when treated with
NPK 3:1:1 combination. Foliar application of NPK in the ratio of 3:1:1 during vegetative and
1:2:2 during flowering stage at the rate of 0.2 per cent weekly twice in combination with

supernatant liquid of cowdung slurry can be recommended for orchids (KAU, 2011).

Tiwari and Kumar (2011) recorded maximum root length and number of roots per
clump in Cymbidium iriodiodes when the plants were applied with NPK 19:19:19 at the rate

of 0.1 per cent once in a week.
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In Dendrobium cv. Medameuraiwan, the highest leaf area was recorded when the
plants were grown under fan and pad polycarbonate covered green house and sprayed with
NPK 3:1:1 during vegetative and 1:2:2 during flowering stage at the rate of 0.2 per cent

weekly twice ( Sugapriya, ef al., 2012).

Kabir et al., (2012) recorded a relatively higher leaf area in Dendrobium when the
plants were sprayed with NPK 10:15:20, 15:20:25, 10:25:25 and 10:25:30 at 45, 90, 135 and
180 days respectively after planting. Another study conducted by Kabir et al., (2012) in three
Dendroium cultivars namely Red Bull, Kasim Gold and White 5 N revealed that, the plants
treated with NPK 10:25:30 produced maximum number of leaves, leaf length, leaf width, leaf
area and leaf area index, while the NPK combination of 15:20:20 resulted in maximum plant
height and stem diameter and they concluded that, low level of nitrogen with high levels of P
and K will favour the leaf growth and number of leaves while high level of nitrogen along

with low level of potassium will favour the plant height and stem girth. .

The experiment conducted by Ali et al., (2014) in Mokara sp. resulted in maximum
plant height and leaf area index when the plants were treated with NPK 4:3:2 and maximum

leaf length and leaf number, when treated with NPK 3:2:1.

2.2  EFFECT OF BIO-INOCULANTS
2.2.1 Azospirillum

Azospirillum is a plant growth promoting bacteria that exert stimulatory effect on
plant growth through different mechanisms like secretion of phytohormones, biological

nitrogen fixation and enhancement of mineral uptake by plants. Remarkable changes in terms



of increase in plant height, leaf size, root length and volume and plant biomass were observed

in various crops as a result of inoculation with Azospirillum (Gadagi et al., 2004).

Study conducted by Preethi e al., (1999) revealed that the combined application of N
at the rate of 37.5 kg/ha and ascorbic acid 1000 ppm along with Azospirillum gave the highest
number of flowering shoots, maximum pedicel length, flower diameter, flower weight,
nutrient content of the plant and lowest number of blind shoots in Edward rose (Rosa

bourboniana).

Results of the study in Chrysanthemum morifolium with different treatments of
0,50,75 and 100 per cent recommended dose of nitrogenous fertilizers in combination with
Azospirillum inoculation revealed a significant improvement in plant growth, flower yield
and nutrient uptake in all the treatments, compared to treatments without inoculation (Ravi et

al., 2002).

Inoculation of Azospirillum along with different levels of nitrogenous fertilizers
resulted in a significant increase in plant growth, yield and in different biochemical attributes
like chlorophyll content, total sugars and total free amino acids in Tagetes erecta. (Bhaskaran

et al., 2002).

Binisha (2003) reported an improvement in vegetative characters like plant height,
number of shoots, girth of shoots and number of leaves in Dendrobium when NPK 10:5:10 at
the rate of 0.2 per cent was applied along with Azospirillum. Highest root volume, root length
and dry matter production were observed in plants treated with NPK 20:10:10 at the rate of

0.2 per cent in combination with Azospirillum, Phosphobacteria and AMF.

A treatment combination consisting of Azospirillum and Phosphobacteria as root dip

method, followed by foliar application of NPK 10:5:10 at the rate of 0.2 per cent at weekly



twice has resulted in significant improvement of growth parameters like plant height and

number of shoots in Dendrobium variety Sonia 17 (Anon, 2003).

Study conducted by Gadagi er al. (2004) in Gaillardia pulchella revealed that the
plants inoculated with Azospirillum strain OAD -2 resulted in increased in plant height,
number of leaves per plant, branches per plant and total dry mass accumulation than other

inoculants and control.

An experiment consisting of three growing media along with Azospirillum inoculation
and application of water soluble fertilizers through fertigation significantly improved the
characters like bud diameter, stem length and vase life of the flowers in carnation cv. Sunrise

(Bhatia et al., 2004).

Srinivasa (2006) conducted a study to evaluate the effect of biofertilizers on growth
and flowering of anthurium. The results revealed that the parameters like plant height,
number of leaves, leaf length and width, number of suckers per plant, flower yield and quality
of flowers were maximum in treatments consisted of NPK at the rate 30:20:40g/m? along

with Azospirillum.

Remarkable increase in yield was observed in Jasminum auriculatum when
Azospirillum was applied in combination with recommended dose of NPK fertilizers and
FYM (Jayamma et al., 2008). It was also reported that the application of lignite based
cultures of Azospirillum, Pseudommonas striata, Pseudomonas fluorescence and
Trichoderma viridae, each at the rate of 8 kg/ha, could substitute the recommended NPK
fertilizers to an extent of 50 per cent without affecting the growth parameters, floral

characteristics and flower yield.
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Dalve et al. (2009) observed a positive influence on plant height, number of leaves,
days required for spike emergence and opening of first pair of florets, number of florets per
spike, number of spikes per plot, number of corms and cormels per plant in Gladiolous sp.
when the plants were treated with Azospirillum and Azotobacter along with the application of

NPK at the rate of 375: 200: 200 kg/ ha.

Khan et al. (2009) observed maximum plant height, wrapper leaf area, tepal diameter
and bulb yield in Tulipa gesneriana with the application of thick slurry of Azospirillum and

100 per cent recommended dose of N fertilizer in the form of urea.

Chaudhari ef al., (2010) reported that the treatment consisting of N at the rate of 50g/
plant, Azospirillum and Azotobacter at the rate of Iml/plant resulted in maximum plant
height, plant spread, number of branches and stem diameter and the treatments consisting of
N at the rate of 25g/ plant, Azospirillum and Azotobacter each at the rate of 1ml/ plant gave

maximum leaf area in Rosa damscena.

A significant improvement in plant height, plant spread, leaf area and relative growth
rate were observed in Chrysanthemum coronarium when the plants were treated with 175
kg/ha N in combination with Azospirillum and Azotobacter (Panchal et al., 2010). Moutia et
al. (2010) reported an improvement in shoot length and root dry weight when a group of

ornamental species were treated with a consortia consisting different strains of Azospirillum.

Verma et al. (2012) conducted a study to analyse the effect of integrated nutrient
management on growth, yield and quality of flowers in Chrysanthemum morifolium cv. Raja.
From the experiment, they observed that the plants under the treatments with Azospirillum
and PSB along with 50 per cent recommended dose of NPK (150: 100: 100 kg/ ha) had
maximum plant height, plant spread, number of branches, dry matter accumulation and

flower yield.



Handaragall et al., (2013) reported an improvement in flower yield and quality in
Anthurium andreanum cv. ‘Tropical Red” with the combined application of Azospirillum,
AMEF and PSB at the rate of 2g/ plant, GA3 1000 ppm and NPK 30:10:10 0.2 per cent as

foliar spray.

Qasim ef al. (2014) reported a maximum plant growth and flower yield in Gladiolus
grandiflorus cv. White prosperity when the corms were treated with Azospirillum and the
maximum chlorophyll content, nutrient accumulation and total soluble sugars by the

application of Azospirillum followed by Azotobacter.

Study conducted by Ali ef al., (2014) in Gladiolus grandiflorus to assess the effect of
different bio fertilizers on growth and flower quality revealed that the treatment consisting of
Azospirillum gained highest values in terms of plant height, spike length, number of florets
per spike, fresh weight of the spike and earlier spike emergence when compared to other

biofertilizers

An investigation was carried out by Kumar (2015) in Gladiolous hybridus cv. Peater
Pears in which the plants were supplied with different sources of nutrients like vermicompost,
FYM and NPK along with Azospirillum and PSB. The results revealed that the plants under
the treatments consisting of 75 per cent recommended dose of NPK, 50 per cent
vermicompost along with application of Azospirillum and PSB at the rate of 2g per plant had
maximum plant height, number of leaves per plant, leaf length, early spike emergence and

maximum longevity of spikes compared to other treatments.

2.22 AMF

Arbuscular Mycorrhizal Fungi are one of the dominant type mycorrhizae that usually

colonize the root cortex of plants acquiring carbon from them and helping the host plants for
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the enhanced and rapid uptake as well as translocation of phosphorous and other nutrients and

minerals, especially of low mobility, from the soil (Harrison and Buuren, 1995).

Lin et al., (1999) could observe the best promotion in growth of Asian hybrid lily

when the plants were inoculated with AMF and Phosphate Solubilizing Bacteria.

Rajadurai et al., (2000) conducted an experiment in French marigold to analyse the
effect of biofertilizers (AMF and Azospirillum) in growth and flowering of the plant and
observed that the plants treated with NPK (45:45:37.5mg/kg) in combination with
Azospirillum and AMF showed the best response in terms of plant height, number of leaves,

laterals per plant and early flowering.

Scagel (2001) reported that the application of AMF, into the rooting medium of
miniature rose cultivars produced the best response in terms of number of rooted cuttings and

roots per cuttings.

Kumar (2002) conducted an experiment to evaluate the effect of AMF and growth
regulators in gladiolous cv. Jessica and observed that the plants under the treatment of pre-
soaking and foliar application of kinetin 50 ppm in combination with AMF had maximum
plant growth and flower yield while the treatment consisting of pre-soaking and foliar
application of GA3 100 ppm along with AMF inoculation gave the best result in terms of

corm yield.

Varshney et al., (2002) conducted an experiment to investigate the effect of AMF
with four different levels of phosphorous in Asiatic hybrid Lilium. It was observed that,
bulblets inoculated with AMF had better response in terms of shoot length, number of leaves,

leaf area, bulblet size and weight and P uptake than the uninoculated ones.

11
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An experiment was conducted in china aster with inoculation of AMF and
phosphobacteria in combination with N and P applied at the rate of 25, 50, 75 and 100 per
cent of the recommended dose and full dose of K. The results revealed that the plants applied
with 75 percent of recommended dose of N and full dose of K along with AMF and
phosphobacteria produced maximum plant height, number of branches, number of leaves,

leaf area, fresh weight of flowers and flower yield (Prabhat ef al., 2003).

Madhaiyan ef al. (2003) observed an increase in the root and shoot length, shoot and
root dry weight in vanilla seedlings when the plants were inoculated with mycorrhizal fungi
in combination with AMF, over the control and they could also observe the mycorrhizal

infection in the cortical cells of inoculated vanilla seedlings.

The study conducted by Sohn ef al. (2003) in chrysanthemum plants inoculated with
AMF revealed that, the plants with root inoculation had a greater response in terms of plant
height, root length, fresh and dry weight of shoot, leaf area and early flowering compared to

control.

Peterson and Massicotte (2004) reported that the mycorrhizae are having significant
role to play in orchids by way of nutrient uptake and translocation for germination,
development of protocorm and initial root development. Another study conducted by
Padmadevi et al. (2004) in anthurium revealed that the plants inoculated with AMF and PSB
along with inorganic nutrients, N, P and K exhibited maximum growth rate compared to
uninoculated plants. Cameron et al. (2006) reported that the inoculation of tissue cultured

plantlets of orchids with AMF helped in the supply of organic nitrogen to the plants.

A significant increase in number of bulbs per plant and advanced sprouting was
observed in tuberose when inoculated with AMF, Azotobacter and PSB followed by the

application of N at the rate of 100 kg/ha and P at the rate of 50 kg/ha (Chaudhary, 2007).
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Effect of Arbuscular Mycorrhizal colonization on nutrient uptake and flowering of
pelargonium plants grown in peat based substrate with two levels of compost and with or
without AMF inoculation was studied by Perner e al. (2007). Results revealed that the plants
inoculated with AMF had root colonization rate upto 36 per cent of total root length and
resulted in improved nutrient status and flower development compared to non-inoculated

plants.

Inoculation of AM Fungi and Pseudomonas fluorescens along with lower
concentration of superphosphate in gerbera resulted in greater root and shoot biomass, root
colonization per cent, maximum leaf area and number of flowers per plant over the control

(Karishma et al., 2013).

2.2.3 PGPR Mix -1

Plant Growth Promoting Rhizobacteria (PGPRs) are microbial populations in the
rhizosphere that promote the plant growth by way of synthesis of phytohormones, increasing
availability of mineral nutrients to the plants and exerting antagonism against plant pathogens
through competition or due to the production of antimicrobial metabolites. Use of PGPRs as
potential bioinoculants had been reported in many crops. Currently there has been a shift
from use of a single species of PGPR as bioinoculant to the use of multi microbial consortia.
PGPR Mix — 1 is a microbial consortia developed at KAU specifically for improving crop
growth and yield. Since the reports pertaining to beneficial effects specifically due to PGPR -
Mix I on ormmamental crops are very meagre, cited here are the effect of similar types of

consortia on growth and yield enhancement of various ornamental crops.

A significant increase in the biomass production was observed in Sedum alfredii due

to application of PGPR consortia containing strains of Burlcholderia sp. (Guo et al., 2011).
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Shilev ef al.(2012) reported an increment in plant height, number of leaves and root
volume in Helianthus annus as a result of inoculation with a consortia containing different

strains of Pseudomonas fluorescens.

Inoculation with a multi strain consortia of Pseudomonas sp. was found to be highly
effective for increasing root and shoot dry weight of Helianthus annus in metal contaminated

soils (Yang ef al., 2013).

2.3 Effect of BA

Benzyl adenine (BA) comes under the group of synthetic cytokinin which have been
found to play a major role in various physiological and biochemical processes like cell
division, organ formation, regeneration, seed germination and suppression of apical
dominance. Besides all these actions, this hormone was also found to act as one of the
multifactorial components which act as a floral stimulus. This stimulus reaches the shoot
apical meristem through vascular tissues and thereby induces the flower initiation (Bernier
and Perlleux, 2005). Based on this action, many studies have been conducted and it was
proved that the exogenous application of cytokinins on plants will result in an induction or

early flowering in many ornamental species.

Swapna (2000) observed that application of NPK 30:10:10 at the rate of 0.2 per cent
twice in a week along with 200 ppm BA resulted in earlier flowering, maximum number of
shoots and biomass-in Dendrobium ‘Sonia 17°. She also reported an improvement in number
of spikes per plant and number of florets per spike by the application NPK 10:20:10 at the
rate of 0.2 per cent along with 100 ppm BA. Study conducted by Nandini (2000) in ex vitro
established six months old plantlets of Dendrobium cv. Sonia 17 revealed that, the plants
treated with NPK 30:10:10 at the rate of 0.2 per cent along with 200 ppm BA resulted in a
significant improvement in vegetative parameters like leaf length and leaf width.

14



Shobhana (2000) observed maximum number of pseudobulbs and leaves in
Dendrobium orchids under the treatments consisting of foliar application of BA 50 ppm at
fortnightly intervals. Nandini (2000) reported an effective improvement in the leaf parameters
like leaf length, leaf width and leaf perimeter in the Dendrobium cv. Sonia 17 when treated

with NPK 30:10:10 at the concentration of 0.2 percent along with 200 ppm BA.

In order to study the effect of foliar nutrition on chlorophyll content in Dendrobium
orchids, Devi and Chezhiyan (2002) conducted an experiment under greenhouse condition
using inorganic fertilizer (NPK) in combination with benzyl adenine (BA). The results
showed that the plants supplied with NPK 30:10:10 and 20:10:10 at the rate of 0.2 per cent

along with 200ppm BA gave the highest level of total chlorophyll content in the plants.

Matsumoto (2006) conducted a study in Miltoniopsis orchid hybrids to analyse the
influence of plant growth regulators BA and GA; on plant growth and flowering and reported
that the plants receiving benzyl adenine (25-50 mM) promoted the new vegetative shoots

compared to other treatments.

An experiment conducted by Blanchard and Runkle (2008) in Phalaenopsis orchids
using BA and GA; revealed that, the plants treated with BA alone at the concentration of 200
or 400 ppm showed an early spike emergence, more number of inflorescence and flowers per

plant compared to untreated and GAj treated plants

Wu and Chang (2009) reported remarkable increase in number of flowers per spike in
Phalaenopsis cultivars Luchia pink ‘244’ and Sogo Yukidian *V3’ when plants were treated
with 70 ppm and 150 ppm BA respectively. Another comparitive study conducted by Wu et
al. (2012) in Phalaenopsis cultivars Sogo Yukidian and Tai Lin Redangel *V31° with two
additional cytokinins, kinetin, 2- iso-pentenyl adenine and BA revealed that out of different
hormonal sprayings the treatment with BA gave the maximum spikes per plant and number of

15



flowers per spike in cultivar Sogo Yukidian V3 and an increase in number of spikes per plant
and number of flowers per spike were observed in cultivar Lin Redangel ‘“V31’ when the

plants were treated with 100 ppm BA.

Sakai and Ichihara (2010) reported that spraying of 6-benzyladenine at different
concentrations viz., 450, 900 and 4500 ppm induced maximum number of flower per spike
within 10 weeks of treatment without cool temperature in Dendrobium nobile orchids which
prefer a cooler temperature to flower. They also observed a significant increase in flower
spray production in Dendrobium Jaquelin Thomas Uniwai ‘princess’ when one year old
pseudobulbs were injected with 100 ppm BA. In Dendrobium Red Emperor ‘Prince’, a higher
production of inflorescence per plant and more number of flowers per plant were observed

when the plants were treated with 900 ppm BA.

Barman et al. (2014) observed an improvement of growth and yield in terms of plant
height, number of shoots, number of leaves per cane, girth of cane, number of spike per cane
and number of flowers per spike in Dendrobium hybrid ‘Thongchai Gold® when the plants
were sprayed with GA3 100 ppm in combination with 100 ppm BA followed by 200 ppm

GA;.
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3. MATERIALS AND METHODS

The present study entitled “Refinement of nutrient management practices in
Dendrobium orchids” was conducted to evaluate the effect of various sources of nutrients,
bio-inoculants and different levels of benzyl adenine on growth and yield of Dendrobium
orchids. The experiment was carried out in the polyhouse of All India Co-ordinated Research
Project on Floriculture in the Department of Floriculture and Landscaping, College of
Horticuture, Vellanikkara, Thrissur, Kerala from August 2016 to July 2017. Vellanikkara is
situated at a latitude of 10°31°N and longitude of 76°3’E and lies 22.25 m above MSL. The
area enjoys a warm humid tropical climate. The meteorological data during the period of

study are given in Appendix L.

3.1 MATERIALS

3.1.1 Planting material

Six months old tissue cultured plants of Dendrobium variety Yellow Splash were used

for the study
3.1.2 Pot and Potting media

Mud pots of size 16.00 cm length, 16.00 cm width and 13.50 cm depth with
perforations filled with a media containing tile pieces, charcoal and coconut husk pieces were

used for growing the plants.
3.1.3 Growing structure
The plants were grown in a shade house with 35 — 40 % shade

3.1.4 Treatments

Design : Completely Randomised Design (CRD)
No. of treatments 10

No. of replications £ 3

No. of plants/ treatment 5

T, - POP + PGPR Mix-1 + BA 50 ppm
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T, - POP + PGPR Mix-1 + BA 100 ppm

T3 - POP + PGPR Mix-1 + BA 150 ppm

T4 - POP + AMF (Arbuscular Mycorrhizal Fungi) + BA 50 ppm
Ts - POP + AMF + BA 100 ppm

Ts - POP + AMF + BA 150 ppm

T - POP + Azospirillum + BA 50 ppm

Tg - POP + Azospirillum + BA 100 ppm

Tq - POP + Azospirillum + BA 150 ppm

T1o - Control (KAU POP recommendation for orchids)

All the treatments were superimposed over the existing package of practices

recommendations of KAU for orchids

The adhoc nutrient recommendation for orchids as per Package of Practices
recommendations of KAU is foliar application of N:P,0s:K,0, 3:1:1 during period of
vegetative growth and 1:2:2 during flowering period at the rate of 0.2 per cent twice a week.
Three bio-inoculants viz; PGPR Mix — 1, AMF and Azospirillum and three levels of benzyl

adenine viz; 50, 100 and 150 ppm were superimposed on this recommendation.

3.2 Growth regulator application

Benzyl adenine (BA) was applied as foliar spray in three different levels viz; 50,100

and 150 ppm at monthly intervals.
3.3 Biofertilizer application

PGPR Mix-1 was applied through root dipping of plants in loose water slurry at the
rate of 500g/2.51 of water for 20 minutes prior to planting. AMF was directly applied at the
rate of 50g/kg of potting media at the time of planting. Likewise Azospirillum was applied
through root dipping of plants in a slurry of 500g of the inoculum in 50 ml of water for 30

minutes prior to planting.
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Plate. 1. Variety used for the study — Dendrobium Yellow Splash

Plate. 2. Six months old tissue cultured plantlets used for the study




Plate. 3. General view of the experimental field - at the time of planting




3.4 OBSERVATIONS

Observations were taken at monthly intervals and data were recorded.
3.4.1. Vegetative characters

3.4.1.1 Plant height

The height of the plant was measured from the base of the plant upto the tip of newly

emerging leaf and expressed in cm.

3.4.1.2 Plant spread

The plant spread in East-West and North-South directions were taken and recorded in

cm.
3.4.1.3. Number of leaves per plant

Total number of leaves on the plant was counted and recorded
3.4.1.4 Leaf length

Length of the leaf was measured and expressed in cm.
3.4.1.5 Leaf breadth

Width of the leaf at the middle point was measured and expressed in cm.
3.4.1.6. Leaf area

Leaf area was calculated using the following regression equation

Leaf area (a) = -25.857 + 8.95 x breadth + 2.184 x length (Naik, 2014)
3.4.1.7. Internodal length

The distance between two adjacent internodes were measured and expressed in cm.
3.4.1.8. Number of pseudobulbs per plant

Number of pseudobulbs produced per plant was counted and recorded
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3.4.2. Floral characters

3.4.2.1 Days to flowering

Total number of days taken from the time of planting to appearance of spike in each

treatment was recorded.
3.4.2.2 Days to first floret opening

Total number of days taken from spike formation to opening of first flower in the

spike was recorded
3.4.2.3 Days to last floret opening

Total number of days taken from spike formation to opening of last flower in the

spike was recorded
3.4.2.4 Length of spike

Length of spike was measured from the point of emergence to the tip of the spike and

expressed in cm.
3.4.2.5 Length of stalk

Length of the spike from point of emergence to first flower of the spike was measured

and expressed in cm.
3.4.2.6 Number of flowers per spike
Total number of flowers per spike was counted and recorded
3.4.2.7 Size of flower
Length and breadth of individual flowers were taken and expressed in cm’,
3.4.2.8 Number of spikes per plant

Number of spikes emerged during the period of observation in each plant was counted

and recorded
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3.4.2.9 Longevity of spike on the plant

Total number of days taken for the wilting of first flower of the spike from the

emergence of inflorescence was calculated and recorded
3.4.2.10 Interval of spike production

Time interval between the production of two successive spikes within a plant was

observed and recorded
3.4.3 Post harvest studies

Flowers for post-harvest studies were harvested during commercial stage of harvest
i.e., with 1 — 2 unopened buds in the spike and kept in known volume of water and

observations were recorded
3.4.3.1 Fresh weight of spike

Weight of spikes immediately after harvesting was recorded and expressed in grams.
3.4.3.2 Days taken for first flower to wilt

Total number of days taken for the wilting of first flower of the spike in vase was

noted and recorded.
3.4.3.3 Physiological loss in weight

The physiological loss in weight was recorded as the difference between fresh weight

of the spike and weight of the spike at the end of vase life and expressed in gram.

3.4.3.4 Total water uptake

Total water uptake was measured as the difference between initial volume of water in

the vase and volume of water at the end of vase life and expressed in ml.

3.4.3.5 Vase life

Number of days taken for the first flower of the spike to show the signs of wilting in

vase was counted and recorded.
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3.4.4 Root parameters

Root parameters were observed and recorded after uprooting the plants at the end of

the study
3.4.4.1 Number of roots

Total number of roots per plant was counted and recorded
3.44.2 Root length

Length of the longest root was measured and expressed in cm.
3.4.4.3 Root volume

The total roots from each plant were collected, root volume was measured by

displacement method and expressed in cm3.

3.5 Root colonization

3.5.1 Azospirillum

Using Most Portable Number (MPN) technique, the population of Azospirillum was
enumerated with the use of Okon’s semisolid malic acid medium. After the incubation of two
days at 37° C, presence of Azospirillum can be confirmed by the appearance of a blue
coloured dense white pellicles of 1 -2 mm below the upper surface of medium (Okon et al.,

1977).

3.5.2 AMF (Arbuscular Mycorrhizal Fungi)

Feeder roots were collected, washed and made into bits of 1 cm and transferred to test
tubes containing 10 per cent KOH solution. Then boiled the material at 121°C at 15 pounds
for 10 minutes followed by washing of the bits in tap water for two to three times and dipped
in 2 per cent HCI for 10 — 30 minutes for acidification. After draining excess acid, the bits
were dipped in trypon blue dye (0.05 per cent) and kept in the water bath at 90°C for 10 — 30
minutes. After removing excess stain the roots were dipped in acidified glycerol overnight
and then observed under microscope for AMF colonization. The colonization percentage was

- calculated as follows.
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Percentage colonization = Number of root segments colonized x 100
Total number of segments observed

3.6 Nutrient analysis

After the experiment, the plants were uprooted and analysis was done for the major
nutrients and nutrient uptake by the plant. The plants were dried in the shade for two weeks
followed by oven drying at 60 - 70° C for six hours. The dry weight of the plants was
recorded. Then the dried samples were ground and chemically analysed for nitrogen,

phosphorous, potassium, calcium, magnesium and sulphur
3.6.1 Nitrogen

One gram dried sample was digested using concentrated sulphuric acid and nitrogen

content was estimated by Microkjeldhal method (Jackson, 1958)
3.6.2 Phosphorous

Dried sample of 0.5g was digested using diacid mixture of nitric acid and perchloric
acid taken in a ratio of 9:4 and finally phosphorous content was estimated using
vanadomolybdophosphoric yellow colour method. The intensity of yellow colour was read in

Spectronic — 20 at 470 nm (Johnson and Ulrich, 1959).
3.6.3 Potassium

An aliquot was prepared from the above mentioned digested sample and estimated for

potassium using flame photometer (Jackson, 1958).
3.6.4 Calcium

From the extract obtained by digestion with diacid mixture, calcium content was

determined using flame emission spectrophotometer (Black, 1965).

3.6.5 Magnesium

Total Mg content was determined from digested sample with diacid mixture using

atomic absorption spectrophotometer (AAS —4129) (Jackson, 1958).

23



3.6.6 Sulphur

Total sulphur content in the plants was determined using turbidometric method from

diacid mixture digested samples (Black, 1965).
3.6.7 Dry matter production

The whole plant sample including psuedostem, leaves and roots were dried in to a
constant weight at 70 — 80°C in hot air oven and dry weight of the sample gave total dry

matter production and expressed in g/ pot.
3.6.8 Nutrient uptake

From the values of concentration of nutrients and dry weight of the parts sampled, the

nutrient uptake was computed and expressed in g/pot.

3.7 Physiological parameters

3.7.1 Chlorophyll content

The chlorophyll content in the leaves were estimated using 80 per cent acetone (Porra,
2002). Recently developed fully matured leaves were taken and made into small pieces of
100 mg and then ground well using mortar and pestle along with 10 ml of 80 per cent
acetone. Then the ground material was centrifuged at 5000 rpm for 10 minutes. The
supernatant solution thus obtained was poured into small vials and the absorbance was read at
646.6 nm and 663.6 nm using distilled water as blank with spectrophotometer. From the
values obtained from the spectrophotometer, Chlorophyll a, b and total chlorophyll content

were estimated using the following formula and expressed in mg g™! fresh weight.
Chlorophyll a = 12.25 (Age3.6) — 2.55 (Asss-6) X 10 ml acetone / 100 mg leaf tissue
Chlorophyll b = 20.31 (Ag46.6) —4.91 (Ags3.6) X 10 ml acetone / 100 mg leaf tissue

Total Chlorophyll = 17.76 (Agse-6) + 7.34 (Ases.6) X 10 ml acetone / 100 mg leaf

tissue
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3.7.2 Stomatal characters

A thin layer of glue (quick fix) was applied on the lower surface of the leaves and the
stomatal impressions were taken. The number of stomata per square millimetre of
microscopic field (0.11 mm?) was counted and recorded as per square millimetres (number of

stomata/ 0.11 mm?).

3.8 STATISTICAL ANALYSIS

WASP software was used to statistically analyse data pertaining to vegetative, floral,

physiological and root parameters as well as nutrient content and nutrient uptake by the plants
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4. RESULTS

An experiment entitled “Refinement of nutrient management practices in Dendrobium
orchids” was conducted at the Department of Floriculture and Landscaping to study the
influence of different bio-inoculants and benzyl adenine on growth and yield of Dendrobium
orchids. Observations on morphological and yield parameters were recorded, analysed and

results are presented below.
4.1 VEGETATIVE CHARECTERS

Data pertaining to the effect of treatments on vegetative characters of Dendrobium

var. Yellow Splash are presented in Tables 1 to 9.
4.1.1 Plant height

Influence of treatments on plant height was not significant up to 5" month after planting
(MAP). At 6 MAP, treatment T5 (POP + AMF + 100 ppm BA) recorded maximum plant height
(24.30 cm) followed by the treatments Tg (POP + AMF + 150 ppm BA) and T, (POP + AMF + 50
ppm BA) which were performing on par with each other (22.13 and 21.97 cm respectively). Minimum
plant height was observed in T, (POP + Azospirillum + 50 ppm BA) and T4, which were statistically
on par (15.12 and 16.03 cm respectively).

The same trend was noticed upto 10 MAP. Maximum plant height of 33.09 cm was observed
in Ts followed by Tg (30.43 cm) and T4 (28.91cm) and plant height was minimum Ty (21.93 cm) at
10 MAP. Treatment consisted of AMF were superior in terms of plant height throughout the growth
period. It could be inferred that the treatment Ts recorded maximum plant height compared to all

other treatments during the period of observation (Table 1 and Plate. 5).
4.1.2 Plant spread

Plant spread in East-west and North-South directions were recorded upto 10 MAP.
Regarding the plant spread in East-West direction, there was no significant difference among
the treatments up to 6 MAP. During 7 MAP the highest value of 25.50 cm was obtained in
treatments To (POP + Azospirillum + 150 ppm BA) followed by Tg (POP + Azospirillum +
100 ppm BA) and T; (POP + Azospirillum + 50 ppm BA) and the treatment T¢ (POP + AMF
+ 150 ppm BA) had the minimum plant spread in East-West direction (19.37 cm).

Treatments Tq and Tg exhibited superiority in terms of plant spread in East —West

direction throughout the growth period (Table 2).
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Plate. 5. Influence of bioinoculants and benzyl adenine on plant height

(1 2)

(1)— Control (Tso)
(2)- POP + AMF + BA 100PPM (Ts)
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Considering the plant spread in North—South direction, no significant variation between the
treatments could be observed upto 6 MAP. At 7 MAP, the treatment T recorded maximum
plant spread (25.10 ¢cm) in North-South direction, which was on par with Tg (24.03 cm).
Same pattern of variation was observed up to 10 MAP. Plant spread in North-South direction
was maximum in Ty (25.97 cm) followed by Tg and Ts which were performing on par with
each other (25.23 cm and 23.17 cm respectively) and minimum value for this parameter was

noticed in T4 during 10 MAP (Table 3).

In general it could be observed that the treatment T was superior in terms of plant

spread in East — West and North — South directions, throughout the period of observation.
4.1.3 Number of leaves per plant

Regarding the number of leaves per plant, there was no significant difference among
the treatments throughout the period of observation, however the more number of leaves in

treatments Tg and T's could be observed during this period (Table 4).

4.1.4 Leaf length

As far as the leaf length is concerned, no significant difference among the treatments
was observed during the initial seven months. Treatment T recorded maximum length of the
leaves (14.88 cm) during 8 MAP which was on par with T (14.20cm). Minimum leaf length
was observed in Tyo which was on par with all other treatments. During subsequent months
also Ty was superior in terms of leaf length followed by T;. In general it could be observed

that T9 was superior in terms of length of leaves compared to all other treatments (Table 5).
4.1.5 Leaf breadth

The breadth of leaves in plants upto seven months of planting did not vary among the
treatments. But a steady progressive increase in the leaf breadth was observed in all the

treatments up to 7 months of planting.

The maximum value for leaf breadth was observed in treatment Tg (5.27 cm) at 8
MAP which was found to be on par with Tg (4.88 cm). This was followed by T4, T, and T
which were performing on par with each other (4.68 cm, 4.67 cm and 4.63 cm respectively).

Minimum leaf breadth was observed in T1o (3.97 ¢cm). The same trend was observed in
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subsequent months also and it could be concluded that the treatments Tg and Ty were

superior in leaf breadth during the observation period (Table 6).

4.1.6 Leaf area

The treatments did not show any significant difference regarding the leaf area till 7"
month after planting. Later, from 8" month of planting onwards, significant variation among

the treatments was observed with a progressive increase in the leaf area.

During 8" month of planting, plants under the treatment T¢ showed maximum leaf
area (50.35 cm?) which was on par with Tg (48.73 cmz). During this period the least leaf area

was observed in the plants under treatment T4 (35.67 sz)

During 9" and 10™ month of planting Tg recorded maximum leaf area (51.81 cm?and
57.94 cm” respectively) which was on par with To. Generally the superiority of treatments
under Azospirillum inoculation was observed as far as leaf area is concerned and it could be
inferred that the treatment Tg was the best among the treatments in terms of this parameter

(Table 7).
4.1.7 Internodal length

The data recorded till the 10™ month of planting showed that there was no
significant difference among the treatments throughout the growth period. Still there
observed a progressive increase in the intermodal length with peak value exhibited by T;

(4.98 cm) followed by Ts (4.93 cm), during 10™ month of planting (Table 8).
4.1.8 Number of pseudobulbs per plant

The number of pseudobulbs per plant did not show any significant variation till the 6™
month of planting. During the 7" month the maximum number of pseudobulbs was observed
in the treatment Tq (5.67) followed by Tg (4.67). The least value in this period was noticed in
the treatment T (3.83). The same trend was observed upto 10™ month of planting (Table 9).
Generally the treatment Tg was observed to have maximum effect on number of pseudobulbs

per plant compared to other treatments (Table 9 and Plate 6.).
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Plate. 6. Influence of bioinoculants and benzyl adenine on number of

pseudobulbs per plant

) (2)

(1) — Control (T1o)
(2) - POP + Azospirillum + BA 150ppm (Ts)



42 FLORAL CHARACTERS

Data pertaining to the effect of treatments on floral characters of Dendrobium var. Yellow

Splash are presented in Table 10.
4.2.1 Days to flower

No significant difference among the treatments could be observed regarding this
parameter. However early flower formation was observed under the treatment Ts (POP +

Azospirillum + BA 100 ppm) compared to all others.

4.2.2 Days to first flowering opening

Significant differences could be observed among the treatments regarding number

of days to first flower opening. Plants under the treatment T, took maximum number of days
for first flower to open (67.33), which was found to be on par with all other treatments except
T;. The treatment T3 (POP + PGPR Mix — 1 + BA 150 ppm) showed least number of days for
first flower opening (29.67).

4.2.3 Days to last flower opening

Considering the number of days taken for the last flower to open, treatment T (POP
+ AMF + BA 150 ppm) took maximum days (75.00), followed by T, (73.67) which was
found to be on par with T;. Plants under the treatment T3 (29.00) exhibited least number of

days for this parameter compared to others.
4.2.4 Spike length

Treatments did not vary significantly regarding the data pertaining to the spike length.
Maximum spike length observed was 29.4 cm in treatment T¢ followed by Ty, To, T2, Ts, T7
and Tg which were on par with each other (22.03, 21.80, 21.33, 20.43, 20.43 and 20.30 cm
respectively). Plants under the treatment T3 (POP + PGPR Mix — 1 + BA 150 ppm) produced
shortest spike (14.00 cm) (Plate 9).

In general it could be observed that the plants inoculated with AMF and Azospirillum

produced longest spikes, when compared to other treatments.
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Plate. 7. Influence of bioinoculants and benzyl adenine on plant spread

3)

(1) - POP + AMF + BA 150 ppm (Tg)

(2) - POP + Azospirillum + BA 150 ppm (Ty)
(3) - POP + PGPR Mix -1 + BA 100 ppm (T3)
(4) - Control (Tyg)

Plate. 8. Comparison of AMF inoculated plant with control

(G). . T — (10)

To - Control
Te - POP+ AMF + BA 150 ppm



4.2.5 Stalk length

Plants inoculated with AMF as well as Azospirillum showed superiority in terms of

stalk length

Maximum stalk length was observed in the treatment T¢ (POP + AMF + BA 150
ppm) (16.27 cm) followed by T and Ts with stalk length 13.83 and 12.97 c¢m, respectively

and the least stalk length was observed with the treatment T3 (6.40 cm).
4.2.6 Number of flowers per spike

A remarkable influence could be observed in the number of flowers per spike among
the treatments. Plants under the treatment T produced maximum number of flowers (9.33)
followed by T, (9.00) and Ts (8.67) which were found to be on par with each other. Among
the ten treatments minimum number of flowers was observed in treatments T (5.00) and T,

which were statistically on par (5.00 and 5.33).

In general it could be observed that the treatments consisting of AMF with different
levels of benzyl adenine was superior in terms of number of flowers per spike with maximum

value in T¢ (POP + AMF + BA 150 ppm).
4.2.7 Internodal length

Considering the intermodal length of spikes, a significant difference among
treatments could be observed resulting highest internodal length of spike by the plants under
the treatment Tg (7.16 cm) followed by T4 (5.83 cm) and T3 (5.63 cm. Least internodal length

was observed in plants under the treatment Ty (3.66 cm).
4.2.8 Number of spikes per plant

Regarding number of spikes per plant no significant variation could be observed
among the treatments. However the treatment Ts (POP + AMF + BA 150 ppm) showed

superiority in terms of this parameter during the period of observation.
4.2.9 Flower size

Treatment T (POP + AMF + BA 150 ppm) produced significantly largest flowers of

size 27.41 cm? followed by Tg (21.35 cm?) and T, (20.51 cmz). Minimum flower size was
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observed under the treatment T; (17.00 cm?) and Tyo (17.33 cm?) which were statistically on

par (Plate 8).
4.2.10 Longevity of spike

Significant difference among the treatments was observed regarding this parameter.
Maximum spike longevity was observed in Tg (72.67). This was followed by Tg and Ty
(66.00 and 64.33 days respectively). Among the treatments, minimum spike longevity was

observed under the treatments T4, (47.67) and T3 (50.33) were performing on par.
4.3 POST HARVEST STUDIES

Regarding the post-harvest parameter, highest fresh weight of the spike (13.63 g) was
exhibited by the treatment T¢ (POP + AMF + BA 150 ppm) and it was minimum in the
treatment Tho (POP)

The treatment Te took more number of days for the wilting of first flower in the spike
(7.00 days) and minimum number of days for the wilting of fist flower in the spike was

observed in Tho.

Physiological loss in weight was highest in treatment T, (POP + PGPR Mix — 1 +BA
100 ppm) and T which were found to be on par (1.09 and 1.083 respectively). No significant

difference among the treatments could be observed regarding the water uptake.

Maximum vase life was observed in treatment Ts and Ts which were performing on
par with each other (25.33 and 23.33 days respectively) and and minimum vase life of 11.67
days was observed in Tyo (Table. 11 and Plate. 9)

44 ROOT PARAMETERS

After the experiment, the observations regarding the root parameters were taken and

presented in table 12.
4.4.1 Number of roots

Among the various treatments, significant variation was observed in terms of number
of roots and the maximum number of roots were produced by the plants under the treatment
To (48.33) which was found to be on par with T;(47.00). The least number of roots were
observed in treatment T (31.00) (Plate. 10).
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Table 11. Influence of bioinoculants and benzyl adenine on post - harvest parameters

Fresh Days Total
; ; Vase

weight to wilt | PLW | water .
Treatments . life

of spikes | first (g) uptake (dai)

(@) flower (ml) ’
T, (POP + PGPR Mix-1 + BA 50ppm) 8.817 4.667 | 0573 | 7.267 17.667
T, (POP + PGPR Mix-1 + BA 100ppm) 9.367 5.333 1.090 | 9.967 20.000
T3 (POP + PGPR Mix-1 + BA 150ppm) 6.633 4.667 | 0.360 | 7.000 17.333
T4 (POP + AMF + BA 50ppm) 9.513 5.000 | 0.583 | 9.567 17.333
Ts (POP + AMF + BA 100ppm) 9.010 4333 | 0943 | 7.467 23.333
Te (POP + AMF + BA 150ppm) 13.633 7.000 | 1.083 | 10.567 | 25.333
T, (POP + Azospirillum + BA 50ppm) 8.160 4.667 | 0497 | 7.367 18.000
Tg (POP + Azospirillum + BA 100ppm) 8.223 5.667 .0.563 8.667 19.000
To (POP + Azospirillum+ BA 150ppm) 9.950 5.333 1.007 | 9.000 21.667
Ty (POP) 5.410 3.667 | 0.433 | 7.000 11.667

CD (0.05) 2.296 1.282 | 0.204 NS 3.546
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Plate. 9. Comparison of superior treatments with control

(Ts) (Ts) (Ts) (Tho)

Te - POP + AMF + BA 150 ppm

Ts - POP + AMF + BA 100 ppm

To - POP + Azospirillum + BA 150 ppm
Ty - Control



4.4.2 Root length

When the data regarding the root length was considered, a momentous variation was
observed among the treatments where the maximum root length was exhibited by treatments
Ts, Tg, To and T4 (24.18, 24.07, 23.85 and 23.67 respectively) which were statistically on

par. A minimum root length of 16.00 cm was observed in T3 (Table 12).

In general the treatment POP + AMF + BA 150ppm (T's) was observed to be superior

in terms of this parameter (Plate. 11).
4.4.3 Root volume

A notable variation was observed among the treatments. The maximum root volume
of 30.25 cm’® was observed in Tq (POP + Azospirillum + BA 150 ppm) which was on par with
the treatment T, (22.90 cm3). Minimum root volume was observed in the treatments T,

(Table 12).
4.4.4 Root colonization
AMF

Microbial analysis was conducted at the end of 10" month after planting. From the
various treatments, maximum root colonization of percentage 83 per cent was observed for
the treatment T which consisted of AMF inoculation along with 150ppm BA (Table 13 and
Plate. 12).

Azospirillum

Even though the plants inoculated with Azospirillum exhibited remarkable
improvement regarding growth, yield and physiological parameters, it could not be re isolated

from the plants when subjected to microbial analysis.
PGPR Mix -1

PGPR Mix — 1 is a consortia of various kinds of micro-organisms and its composition
is not yet revealed. Hence root colonization study could not be conducted for this bio-
inoculant. However the plants under the treatment with PGPR Mix -1 showed superiority in

almost all characters compared to control.
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Table 12. Influence of bioinoculants and benzyl adenine on root parameters

Root parameters
Treatments Nu:n;l;:sr of 12.0;. vtlﬁzogte

(cm) (em’)
T4 (POP + PGPR Mix-1 + BA 50ppm) 47.00 20.80 15.45
T, (POP + PGPR Mix-1 + BA 100ppm) 31.00 18.75 15.40
T3 (POP + PGPR Mix-1 + BA 150ppm) 36.67 16.00 20.33
T4 (POP + AMF + BA 50ppm) 46.33 23.67 22.90
Ts (POP + AMF + BA 100ppm) 37.00 24.18 15.43
Te (POP + AMF + BA 150ppm) 44.00 18.50 20.20
T7 (POP + Azospirillum + BA 50ppm) 35.67 17.77 3.73
Tg (POP + Azospirillum + BA 100ppm) 44.67 24.07 19.73
Tg (POP + Azospirillum+ BA 150ppm) 48.33 23.85 30.25
T4 (POP) 39.00 22.00 10.30

CD (0.05) 10.808 4.835 9.29
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Table 13. Influence of bioinoculants and benzyl adenine on AMF colonization

Treatment Colonization percentage
(%)
Ts 73
Ts 79
Ts 86

*T4 - POP + AMF + BA 50 ppm

Ts - POP + AMF + BA 100 ppm

Te - POP + AMF + BA 150 ppm
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Plate.10. Influence of bioinoculants and benzyl adenine on number of root

Tm - Control
Ts - POP + Azospirillum + BA 150 ppa

(To) (T1o)

Plate. 11. Influence of bioinoculants and benzyl adenine on root length

Tio - Control
Ts - POP + AMF + BA 100 ppm

(Ts) (T10)



Plate. 12. Microphotograph of roots colonized with AMF

in various treatments




4.5 NUTRIENT ANALYSIS

4.5.1 Nutrient content

A significant variation was observed among the treatments when the plants
were subjected to the analysis of nutrients (Table 14). From the results, it could be observed
that the plants under the treatment Ts (POP + AMF + BA 100 ppm) showed the maximum
value in N and P content (1.24 and 0.87 per cent respectively). This was followed by Tq (1.17
per cent) in case of N and T, (0.86 per cent) and T, (0.85 per cent) in case of P content.
Treatment T, recorded least value in both N and P content (0.73 and 0.16 per cent

respectively).

When K content was estimated, highest value of 0.53 per cent was observed in the
treatment T3 (POP + PGPR Mix -~ 1 + BA 150 ppm) followed by T, (0.46 per cent) and T,
(0.45 per cent). The least value was observed in Tq (0.21 per cent). Maximum content of Ca
(2.60 per cent) was observed in the treatment T3 (POP + PGPR Mix - 1 + BA 150 ppm)
followed by T, (2.57 per cent) and the least value was noted in Ty (1.82 per cent).
Considering the data pertaining to Mg and S, maximum value was observed in the treatment
T3 (0.54 and 1.72 per cent respectively) and the minimum value was observed under the

treatment T in case of Mg (0.29 per cent) and Tg in case of S (1.11 per cent).

In general treatment consisting of AMF and Azospirillum were superior in terms of N
and P content with maximum value in treatment Ts (POP + AMF + BA 100 ppm). Treatment
consisting of PGPR Mix — 1 had highest amount of K, Ca, Mg and S with T3 (POP + AMF +

BA 150 ppm) having the maximum content of these nutrients.
4.5.2 Nutrient uptake

Regarding nutrient uptake, maximum uptake of almost all the nutrients was found in
Ts (POP + PGPR Mix -1 + BA 150 ppm) (Table 15). Considering the data regarding N
uptake, maximum values were observed in Ts (POP + Azospirillum + BA 100 ppm) and T,
(4.18 and 4.14g/ pot) which were statistically on par. Least N uptake was observed in the
treatment T, (0.860g/ pot).

In the case of P uptake, maximum value of 0.980g/ pot was observed in Ts and the

least uptake was observed in the treatment Ty, (0.54g/ pot). Considering K, Ca, Mg and S
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Table 14. Influence of bioinoculants and benzyl adenine on nutrient content (%)

Treatment N P K Ca Mg S
Ty (POP + PGPR Mix-1 + BA 50ppm) 1.12 | 0.17 | 046 | 235 | 039 | 1.16
T, (POP + PGPR Mix-1 + BA100ppm) | 0.89 | 0.16 | 0.45 | 257 | 0.44 | 1.60
T3 (POP + PGPR Mix-1 + BA 150ppm) | 0.79 | 0.22 | 0.53 | 2.60 | 0.54 | 1.72
T4 (POP + AMF + BA 50ppm) 089 | 087 | 041 | 195 | 042 | 130
Ts (POP + AMF + BA 100ppm) 1.24 | 0.87 | 042 | 243 | 042 | 1.33
T (POP + AMF + BA 150ppm) 0.89 | 0.16 | 031 | 190 | 039 | 1.23
T; (POP + Azospirillum + BA 50ppm) 0.88 | 085 | 037 | 239 | 0.29 | 1.33
Tg (POP + Azospirillum + BA 100ppm) | 1.08 | 0.19 | 0.28 | 249 | 0.48 | 1.11
To (POP + Azospirillum+ BA 150ppm) 1.17 | 0.18 | 0.21 1.82 | 041 1.27
Tyo (POP) 073 | 0.16 | 039 | 2.13 | 039 | 1.33

CD (0.05) 0.144 | 0.058 | 0.067 | 0.127 | 0.071 | 0.108
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Table 15. Influence of bioinoculants and benzyl adenine on nutrient uptake (g/ pot)

Treatment N P K Ca Mg S
Ty (POP + PGPR Mix-1 + BA 50ppm) 4.68 0.71 192 | 982 | 1.64 | 484
T, (POP + PGPR Mix-1 + BA 100ppm) 3.61 3.51 1.82 | 1045 | 1.78 | 6.46
T3 (POP + PGPR Mix-1 + BA 150ppm) 7.10 198 | 470 | 23.30 | 4.78 | 15.38
T4 (POP + AMF + BA 50ppm) 5.45 1.00 | 2.53 [ 11.96 | 2.55 | 7.99
Ts (POP + AMF + BA 100ppm) 8.62 | 1035 | 490 | 28.89 | 505 | 15.89
Te (POP + AMF + BA 150ppm) 6.29 0.78 1.59 | 957 | 1.99 | 6.21
T, (POP + Azospirillum + BA 50ppm) 269 | 259 [ 1.15 | 736 | 0.89 | 4.05
Tg (POP + Azospirillum + BA 100ppm) 4.13 072 | 1.07 | 945 | 1.84 | 4.19
To (POP + Azospirillum+ BA 150ppm) 6.87 1.06 | 1.25 | 10.64 | 236 | 7.49
T1o (POP) 310 | 054 | 1.34 | 740 | 137 | 4.60

CD (0.05) 2.488 | 1.834 | 1.186 | 7.01 | 1.370 | 4.376
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uptake, maximum nutrient uptake was observed in the treatment T3 (2.29, 11.30, 2.33 and

7.49g/ pot respectively).

It could be concluded that the treatment consisting of PGPR Mix-1 with 150ppm
benzyl adenine was superior in terms of uptake of the major nutrients except N and P while

Azospirillum and AMF inoculated plants were exhibited higher uptake of N and P.

4.6 PHYSIOLOGICAL PARAMETERS
4.6.1 Chlorophyll content

There was a significant influence for the various treatments on chlorophyll
content of the plants. The highest total chlorophyll content of was observed in Ts (POP +
AMF + BA 100 ppm) and T; which were performing on par with each other (7.22 and
6.71mg/ g respectively). The least value for total chlorophyll content was estimated for the

treatment, T1o (1.34mg/ g).

From the estimated value of chl a, the best result of 3.13mg/ g and 3.04 mg/ g were
obtained for the treatments Ts and T, respectively followed by the treatments T4 and Ts.
The minimum chl a content was noted in the treatments T, (0.73mg/ g) and T (0.77mg/ g)

which were statistically on par.

During the estimation of chl b also, concomitant results were obtained showing the
highest values for the treatment T (4.09mg/ g) and T¢ (4.02mg/ g) and T4 (3.91mg/ g). The
least value of chl b was exhibited by the treatment T4 (0.80mg/ g).

The results on estimation of chlorophyll content showed that the plants receiving the
treatment T's, consisting of AMF and 100 ppm BA along with POP, produced high amount of
chlorophyll pigment than any other treatments (Table16).

4.6.2 Stomatal characters

Regarding the stomatal density, the treatment combination of Azospirillum along with

100 ppm benzyl adenine (Tg) exhibited highest density of stomata (44.33) which was found

49

o Y



Table 16. Influence of bioinoculants and benzyl adenine on chlorophyll content (mg/ g)

Chlorophyll
Treatment Toial
Chla Chlb | chlorophyll
content

T4 (POP + PGPR Mix-1 + BA 50ppm) 3.04 391 6.76
T, (POP + PGPR Mix-1 + BA 100ppm) 1.85 2.63 4.48
T3 (POP + PGPR Mix-1 + BA 150ppm) 1.35 1.91 3.45
T4 (POP + AMF + BA 50ppm) 2.63 3.37 6.01
Ts (POP + AMF + BA 100ppm) 3.13 4.09 7.22
Te (POP + AMF + BA 150ppm) 2.27 4.02 5.62
T, (POP + Azospirillum + BA 50ppm) 0.77 1.33 2.10
Tg (POP + Azospirillum + BA 100ppm) 1.58 2.26 3.84
To (POP + Azospirillum+ BA 150ppm) 1.47 2.07 3.54
T (POP) 0.73 0.80 1.34

CD (0.05) 1.381 1.639 2.90
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the treatment T, which was found to be on par with the treatment T, (31.33) (Table 17 and
Plate. 13).

4.7 Incidence of pest and diseases

During early stages of growth, dark brown, sharply defined sunken leaf spots were
observed and later it was identified as leaf spot caused by Colletotrichum sp. Foliar spray
with carbendazim 12 % + mancozeb 63 % (Saaf) @ 2g/ | was given during the initial stage
itself for the effective control of this leaf spot. Later, during the flowering phase of the plants,
Alternaria flower blight was observed in which small light brown spots were observed in the
buds and flowers, which later enlarged and covered the entire flowers. The infected flowers
in the entire spikes were finally decayed and wilted. As a control measure against Alternaria
sp. foliar application with copper hydroxide (Kocide 2000) and propineb 70 WP (antracol)
were given each at the rate of 2g/l. No pest attack was observed in the plants except snail
attack during the early stages of the plant which could be effectively controlled by application

of salt in the periphery of pots (Plate. 14).
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Table 17. Influence of bioinoculants and benzyl adenine on stomatal characters

Treatment Stomatal density S';‘:]I:ll:;al
Ty (POP + PGPR Mix-1 + BA 50ppm) 30.00 13.512
T, (POP + PGPR Mix-1 + BA 100ppm) 40.67 13.790
T3 (POP + PGPR Mix-1 + BA 150ppm) 40.67 13.553
T4 (POP + AMF + BA 50ppm) 38.33 13733
Ts (POP + AMF + BA 100ppm) 37.67 13.003
Te (POP + AMF + BA 150ppm) 36.00 12.793
T, (POP + Azospirillum + BA 50ppm) 41.00 13.523
Tg (POP + Azospirillum + BA 100ppm) 4433 12.490
To (POP + Azospirillum+ BA 150ppm) 36.00 13.150
T1o (POP) 31.33 12.517

CD (0.05) 5.440 NS
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Plate. 14. Incidence of pests and diseases

Alternaria blight on mature flower spikes

Colletotrichum leaf spot

Snail attack on leaves
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5. DISCUSSION

A study was conducted at Department of Floriculture and Landscaping, college of
Horticulture, Vellanikkara to evaluate the influence of various bioinoculants and different
levels of benzyl adenine on morphological and yield parameters of Dendrobium var. Yellow
Splash. The experiment was conducted with different treatment combinations involving
various bioinoculants viz; PGPR Mix — 1, Azospirillum and AMF and different levels of
benzyl adenine, which were superimposed on the existing KAU Package of Practices
Recommendations for orchids. The result obtained from the study are briefly discussed in this

chapter

5.1 INFLUENCE OF BIO-INOCULANTS AND BENZYL ADENINE ON
VEGETATIVE CHARACTERS

Significant improvement in vegetative characters was observed in treatments with
bio-inoculants and benzyl adenine, compared to control. Treatments with AMF and different
concentrations of benzyl adenine were superior in terms of plant height and maximum plant
height was observed in Ts (POP + AMF + BA 100 ppm). Increased plant height of AMF
inoculated plants may be due to efficient endomycorrhizal association of the fungus with
roots of Dendrobium orchids which helps in better uptake and mobilization of nutrients. It
also secretes various phytohormones and vitamins which may act as antagonists and supress
various pathogens. The mycorrhizal extramatrical hyphal strands extend into the medium,

absorb water and minerals effectively and make it available to the plants (Fig. 1).

Increased levels of N and P were observed in plants inoculated with AMF. Both of
these minerals are having a major role in several metabolic processes. Nitrogen is a vital
component in the plant body which is essential for cell division, photosynthesis and plant
growth and it also act as a major component of amino acids, vitamins and chlorophyll
molecule while phosphorous play a major role in protein synthesis, protoplasm formation and
is known to regulate many enzymatic processes leading to enhancement of metabolism and
formation of new cells. Better availability of nutrients along with the production of
phytohormones and antibiotics might have contributed to the morphological and
physiological changes resulting in a significant improvement of height in plants inoculated

with AMF. An improvement of plant height as a result of AMF inoculation has been reported



Fig. 1. Influence of bioinoculants and benzyl adenine on plant
height (cm)
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in various flower crops (Varshney, 2002; Prabhat et al., 2003; Bhatia and Guptha, 2007,
Verma et al., 2012; Karishma et al., 2013 and Bhatia er al., 2016)

A perusal of the data with respect to other vegetative characters like plant spread,
number of leaves, leaf length, leaf breadth, leaf area and number of shoots per plant (Fig. 4)
revealed that there was a significant improvement of all these parameters in plants inoculated
with Azospirillum along with different levels of benzyl adenine and maximum values for all
these parameters were observed in Ty (POP + AMF + BA 150 ppm). Beneficial effect of
Azospirilum might be the result of versatile mechanisms like increased nutrient uptake,
enhanced stress resistance, vitamin production, siderophores and biocontrol, all operating
simultaneously or sequentially in Azospirillum inoculated plants (Cohen et al., 2015).
Azospirillum species are having the capacity of self-production of phytohormones like auxin,
gibberlins, cytokinins and nitric oxide and inducing the synthesis of these compounds in plant
tissues (Gadagi, 1999). Cytokinin regulates several processes such as cell division, leaf
expansion, shoot and root morphogenesis, etc. Gibberlins are responsible for cell division and
elongation of plant cells. Azospirillum present in the rhizosphere are able to produce
metabolites which act as signals for the production of phytohormones in the plant system. In
the present study, eventhough Azospirillum could not be reisolated from the inoculated plants,
the organism present in the rhizosphere might have produced exudates that could hasten the
production of phytohormones and other metabolites in inoculated plants. Action of
phytohormones like cytokinins and gibberlins coupled with increased nutrient status of these
plants might have contributed to the improvement of vegetative characters like plant spread,
length, breadth and area of leaves. These results are in conformity with findings of Bhaskaran
et al. (2002) in marigold, Gadagi et al. (2002), Anon (2003) in dendrobium, Gadagi et al.
(2004) in gaillardia, Srinivasa (2006) in Anthurium andreanum, Ravi et al. (2003) in
chrysanthemum, Choudhari et al. (2013) in gladiolous and Hoda and Mona (2014) in petunia
(Fig. 2,3 and 4)

In both the cases of inoculation with AMF and Azospirillum, positive results were
obtained when the plants were supplied with benzyl adenine along with these bioinoculants.
Benzyl adenine is characterised as a synthetic cytokinin which highly helps in the cell
division, cell elongation, organ formation and regeneration and also play an important role in
translocation of assimilates to growing cells. Application of exogenous cytokinin has been

reported to increase the synthesis of endogenous cytokinin in plants (Letham, 1994). In the
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present study the exogenous application of benzyl adenine might have increased the level of
cytokinin in the plants. Elevated cytokinin level and morphophysiological changes due to
bioinoculant treatments might have resulted in an improvement of vegetative growth in plants

under these treatments.

5.2 INFLUNCE OF BIOINOCULANTS AND BENZYLADENINE ON FLORAL
CHARACTERS

Length of the spike, stalk length, number of flowers per spike and flower size are the
important floral attributes which determine the quality of orchid spikes. In the present study
an improvement in all these parameters was observed under the treatments consisting of
AMF and Azospirillum along with different levels of benzyl adenine (Fig 5, 6 and 7).
Regarding the days taken for the initiation of flowering even though there was no significant
variation, plants under the treatments of AMF and Azospirillum took lesser number of days
for flower emergence compared to other treatments. Minimum number of days for opening of
first flower in the spike were observed under the treatment T3 (POP + PGPR Mix- | + BA
150 ppm). Longevity of spike in the field is an important parameter while growing it as a pot
plant. Treatment consisting of AMF along with 150 ppm benzyl adenine (Tg) had maximum

longevity of the spike on the plant compared to other treatments (Fig. 8).

The superiority of treatments consisting of AMF in combination with different levels
of benzyl adenine was well documented in floral characters. However the treatment T (POP
+ AMF + BA 150ppm) was found to be the best among all the treatments. In the present
study, an endomycorrhizal association could be observed with the roots of inoculated plants.
This type of association might have resulted in morphological and physiological changes in
roots. A significant improvement in root length and root volume was also observed in AMF
inoculated plants. Even though epiphytic orchids like Dendrobium are characterised by the
presence of areal roots covered with velamen tissue which can be functioned as absorbing
roots, once got attached to a substrate (Dycus ef al., 1957). Hence in addition to the nutrients
supplied through foliar spray, there might have been an additional exploration of nutrients,
especially phosphorous, from the growing substrate also. AMF forms a symbiotic association
with host plant and it also liberates growth promoting substances, vitamins and suppresses
several pathogens. The positive influence of AMF inoculated plants in floral characters might
be due to increased availability of nutrients to the plants combined with efficient

translocation of phytohormones resulting in early flower initiation and production of quality
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Fig. 6. Influence of bioinoculants and benzyl adenine on
number of flowers per spike
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Fig. 8. Influence of bioinoculants and benzyl adenine on
longevity of spike in the field
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spikes. In the present experiment maximum content of N and P were observed in treatment
Te (POP + AMF + BA 150ppm). Nitrogen helps in improved vegetative growth by way of its
role in synthesis of amino acids, chlorophyll formation and carbohydrate translocation. It also
plays a key role in translocation of cytokinins which are highly essential for flower initiation
and development. It was reported that cytokinins are synthesised in the aerial roots of orchids
and translocated to shoots, which depends upon the nitrogen status of the plant (Zhang et al.
1995). In the case of phosphorous, it also plays significant role in respiration, photosynthesis,
cell division and enlargement, as well as energy storage and transfer which promote root

formation, flowering and growth of the plants (Uchida, 2000).

An increased root volume coupled with high nitrogen content might have exerted a
positive influence in the production and translocation of cytokinins which might have
positively influenced the floral characters of these plants. An improvement in flower
production and quality of flowers by inoculation of AMF had been reported in many flower

crops (Bhaskaran et al. 2002; Prabhat et al. 2003; Yadav ef al. 2013 and Bhatia et al. 2016).

Regarding the interaction effect of AMF and benzyl adenine, application of 150 ppm
BA along with AMF inoculation was found to be effective. Benzyl adenine is a synthetic
cytokinin. Cytokinins are reported to be one of the multifactorial components that functions
as floral stimulus and exogenous application of cytokinin was reported to hasten the rate of
flower initiation and flower production due to an increase in endogenous level of cytokinin in
plant system (Blanchard and Runkle, 2008). The result of the study is in conformity with the
findings of Swapna (2000),Prabhat et al. (2003), Perner et al (2007), Willium and Ichihara
(2010), Bohra et al., (2014) and Barman et al. (2014) who reported a positive influence of

benzyl adenine on floral characters in various flower crops.

5.3 INFLUENCE OF BIOINOCULANTS AND BENZYLADENINE ON POST
HARVEST CHARACTERS

The superiority of treatments consisting of AMF was well documented in post-harvest
characters. Maximum fresh weight of the spike was observed in the treatment T¢ (POP +
AMF + BA 150 ppm). Superiority regarding this parameter in AMF inoculated plants might
be due to easy uptake of nutrients and better nutrient content in these plants resulting in faster
mobilization of photosynthates from vegetative parts to floral parts and thereby increasing the

fresh weight of the spikes.
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The same treatment T took maximum number of days for the wilting of first
flower in the spike. Vase life is most important post-harvest character and the treatment
consisting of AMF (T and Ts) exhibited maximum vase life (25.33 and 23.33 respectively).
The superiority of AMF inoculated plants in terms of vase life may be due to better vascular
development and thereby enhancing the absorption of holding solution which helps to
maintain the turgidity of the spike. There are also reports that AMF play an important role in

increasing the vase life of cut flowers by reducing ethylene production.

The role of AMF in improving post — harvest character of cut flowers was
reported by Besmer and Koide (1999) in snapdragon, Wen and Chang (1995) in gerbera and

Karishma et al. (2011) in chrysanthemum.

5.4 INFLUENCE OF BIO-INOCULANTS AND BENZYLADENINE ON ROOT
PARAMETERS

From the result obtained, it could be clearly observed that, maximum root length and
root volume were exhibited by the plants inoculated with AMF (Fig. 10 and Fig. 11). This
could be mainly attributed to higher phosphorous uptake in the plants by extraradical
mycelium leading to higher shoot and root growth in inoculated plants (Smith and Read,
1997). AMF was reported to produce metabolites that can alter the plant’s ability to produce
roots and to alter root regeneration and root morphology resulting in an increased absorptive
surface area and feeder root longevity (Linderman, 1988). A diffusible symbiotic signal
produced by AMF which is recently identified as lipo chito oligosaccharides (LCOs),
designated as My factors that help in root growth and branching (Maillet et al. 2011). This
could be considered as another reason for the high rate of root growth in AMF inoculated
plants, which is in accordance with the findings of Poulton et al. (2002); Liu et al. (2004),
Martin and Stutz (2004); Pemner et al. (2007) and Karishma ef al. (2013).

Maximum number of roots were produced by the plants under the treatment Ty (POP
+ Azospirillum + 150 ppm BA) (Fig. 11). Azospirillum is a gram negative diazotrophic
rhizobacteria which exhibits chemotactic response to plant exudates, i.e., the ability to sense
and navigate towards the most favourable niches for growth (Rodrigues ef al. 2009). When
plants are inoculated with Azospirillum, signalling molecules will be produced by the bacteria
and the plant will produce lateral roots and root hairs which are the source of exudates to

maintain bacterial population in rhizosphere (Gadagi e al. 2004). Significant changes in root
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Fig. 10. Influence of bioinoculants and benzyl adenine on
root length
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length, root volume and number of roots were reported as a result Azospirillum inoculation in
different cereals (Wani, 1990; Okon and Itzigsohn, 1995). Production and secretion of
phytohormones like auxin, cytokinin and gibberlins by Azospirillum itself might be the
reason for the production of more number of roots in the inoculated plants. Similar findings

were reported by Molla ef al. (2001) and Remans et al. (2008).

With respect to root parameters considered, bioinoculants along with 100 ppm benzyl
adenine exhibited maximum values for all the root characters. Even though benzyl adenine
has least effect on root growth, sometimes through autoinductive cytokinin regulation, this
effect may reverse, favouring better root production in the plants. In this autoinductive
regulation, degradation of cytokinin in plants occur when its amount rises than the optimum
level (Kaminek et al., 1997). So, here, in addition to the phytohormone produced inside the
plant due to Azospirillum inoculation, exogenous application of BA might have elevated the
level of cytokinin concentration within the plants and higher root production might have
occurred due to autoinductive cytokinin regulation. Similar findings were also reported by

Wroblewska (2013) in Gaura lindheimeri.

5.5 INFLUENCE OF BIO-INOCULANTS AND BENZYLADENINE ON NUTRIENT
CONTENT

5.5.1 Nutrient content

At the fag end of the experiment, analysis for N, P, K, Ca, Mg, and S was done to
compare nutrient content as well as nutrient uptake by plants under different treatments. It
was observed that, nitrogen and phosphorous content were highest in the plants inoculated
with AMF (Ts - POP + AMF + BA 100 ppm) compared to other treatments while maximum
K, Ca, Mg and S content were observed in plants treated with PGPR Mix-1 along with 150
ppm BA (T3).

The reason for maximum N and P content in AMF inoculated plants (T's) may be due
to highest intraradical and extraradical mycelial system extension, which improved the
absorption area for nutrient uptake in these plants. These mycorrhizal fungi also secrete acid
phosphates and organic acids which will facilitate the release of P from organic complexes.
All these factors might have resulted in better accumulation of N and P in AMF inoculated
plants (Ezawa et al., 2005; Cameron ef al., 2006 and Perner et al., 2007). In addition to the

root colonization effect of AMF, exogenous application of phytohormone may also be a
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reason for higher N and P content of the plants, while K, Ca, Mg and S were analysed, their
contents were found comparatively lower in AMF inoculated plants, and highest amount of
these nutrients were observed under plants inoculated with PGPR Mix - 1. This result is in
line with the findings of Poole and Seeley (1978) who reported a decreased concentration of
K, Ca and Mg in Cymbidium orchids due to increase in the level of nitrogen. Similar studies

in accordance with these results were conducted by Guo et al. (2011) and Shilev ef al. (2012).
5.5.2 Nutrient uptake

Uptake of N and P was maximum in plants inoculated with Azospirillum and AMF
respectively (Fig. 12). This may be due to the efficient association of both of the
bioinoculants with plant roots, which may alter the morphology and physiology of roots
resulting in an increased absorptive surface area and feeder root longevity (Linderman, 1988)
thereby resulting in higher uptake of these nutrients. These results are in close conformity
with the findings of Sarawgi ef al. (1999) who reported an increased P uptake in Cicer
arietinum by AMF inoculation. In the case of K, Ca, Mg and S uptake, maximum uptake was
recorded in the treatment T3 (POP + PGPR Mix -1 + BA 150ppm) and this could be due to

the higher dry matter content of the plants under this treatment.

5.6 INFLUENCE OF BIO-INOCULANTS AND BENZYL ADENINE ON
PHYSIOLOGICAL PARAMETERS

5.6.1 Chlorophyll content

Regarding chlorophyll content, maximum chl a, chl b and total chlorophyll content
(Fig. 13) were observed in treatment Ts (AMF + 100 ppm benzyl adenine) . This might be
due to an elevated level of stomatal conductance, transpiration, photosynthesis and plant
growth. Formation of larger and more number of bundle sheath chloroplast could be another

reason for maximum production of chloroplast in inoculated plants (Arumugan et al. 2010).

Nitrogen and Magnesium are major nutrients which act as an essential part of
chlorophyll molecule (Brady and Weil, 2010). So higher concentration of these nutrients in
the inoculated plants might be another reason for an increase in chlorophyll content. Similar

results were obtained by Crespo (2015) in Maize genotypes and Beltrano et al. (2013) in

pepper.
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In addition to the effect of AMF, benzyl adenine also has an important role for higher
chlorophyll production. Cytokinin encourages the protease activity and results in the release
of cations like Ca?*, Mg?* and Zn?" from their nature bound or complexed state (Fletcher and
McCullagh, 1971) and the release of these ions may also be the possible reason for higher
chlorophyll production in this treatment. The result of the present study is found to be in

accordance with the findings of Fletcher and McCullagh (1971) in cucumber.
5.6.2 Stomatal characters

Considering the stomatal density, maximum number of stomata was obtained in the
treatment consisting of Azospirillum and 100 ppm benzyladenine applied along with the
recommended dose of NPK and cowdung slurry (POP) (Fig. 14). Since the maximum leaf
area was observed in the same treatment, it could be the reason for high stomatal density in

this treatment.
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Fig. 13. Influence of bioinoculants and benzyl adenine on
chlorophyll content
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Fig. 14. Influence of bioinoculants and benzyl adenine on
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Summary



6. SUMMURY

An experiment entitled ‘Refinement of nutrient management practices in Dendrobium
orchids’ was conducted during August 2015 to July 2016 in the Department of Floriculture
and Landscaping, College of Horticulture, Kerala Agricultural University, Thrissur in order
to evaluate the the response of Dendrobium to organic and inorganic nutrients, growth
regulators and bio-inoculants and to refine the existing nutrient management practices for
Dendrobium orchids. Six months old Yellow Splash variety of Dendrobium orchid was used
for the study. The experiment consisted of ten treatments with five replication and 15 plants
under each treatment. The KAU Package of Practice Recommendations for orchids is foliar
application of N:P,Os:K,0, 3:1:1 during period of vegetative growth and 1:2:2 during
flowering period at the rate of 0.2 per cent twice a week. Three bio-inoculants viz., PGPR
Mix — 1, AMF (Arbuscular Mycorrhizal Fungi) and Azospirillum and three levels of benzyl
adenine viz.,, 50, 100 and 150 ppm were superimposed on this recommendation. The
observations on various vegetative, floral and post-harvest parameters, root characters and

physiological parameters were taken.

Among the vegetative characters significant variation was observed for the characters
like plant height, plant spread, leaf length, breadth , leaf area and number of pseudobulbs per

plant.

Regarding the plant height, no significant difference was observed upto fifth months
after planting. From sixth month onwards significant difference was observed with maximum
value under the treatment Ts (POP + AMF + BA 100 ppm) and the least height was observed
in plants under control (33.09 and 21.94 respectively).

The treatment consisting of Azospirillum along with POP and different doses of
benzyl adenine were superior in terms of other vegetative parameters, like plant spread,
number of pseudobulbs per plant, leaf length, breadth and leaf area. Plant spread in EW and
NS directions were maximum under the treatment Tg (POP + Azospirillum + BA 100 ppm)
and Ts (POP + Azospirillum + BA 150 ppm) throughout the growth period (28.98 and 25.97
cm respectively). Highest value for leaf length andlnumber of pseudobulbs per plant was
obtained for the treatment T (15.78 and 5.00 respectively) while maximum leaf breadth and
leaf area were observed under the treatment Ts (6.13 cm and 57.94 cm? respectively). All

these parameters were minimum under control.
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Number of leaves per plant and intermodal length did not show any significant

variation throughout the growth period.

Regarding various floral characters, early emergence of spike was observed under the
treatment Ts. The treatment Ts (POP + AMF + BA 150 ppm) was superior in terms of other
floral attributes viz., days to last flower opening, length of spike, stalk length, number of
flowers per spike, intermodal length, flower size and longevity of spike in the field. No
significant variation between treatments could be observed regarding the number of spikes

per plant.

Among the post — harvest parameters, fresh weight of the spike, days to wilt of the
first floret and vase life were found to be highest under the treatment Tg (13.63g, 7.00 and
25.33 days respectively) while all these parameters were found to be minimum under control.
Considering physiological loss in weight, maximum value was obtained under the treatment
consisting of PGPR Mix -1 + BA 100 ppm while minimum value was obtained under the
treatment T3 (POP + PGPR Mix -1 + BA 150 ppm). There was no variation obtained in the

parameter total water uptake of the spike during the post- harvest period.

Number of roots, root length and root volume were the parameters considered under
the root characters in which number of roots and root volume were observed maximum under
the treatment T, (48.33 and 30.25 cm” respectively) and maximum root length was observed
in the treatment Ts (24.18 cm). From the root colonization study conducted for AMF, among
three treatments maximum colonization percentage was obtained in the treatment T (POP +

AMF + BA 150 ppm) followed by Ts and T,.

Regarding the nutrient content, the highest N and P content were observed under the
treatment consisting of POP + AMF + BA 100 ppm (Ts) while content of K, Ca, Mg and S
were found to be highest in the treatment T3. In the case of nutrient uptake, plants under the
treatment Tg (POP + Azospirillum + BA 100 ppm) showed highest N uptake and the P uptake
was found to be maximum in Ts (POP + AMF + BA 100ppm). Uptake of K, Ca, Mg and S

were found to be maximum in the plants inoculated with PGPR Mix -1 (T3).

While physiological parameters were considered, maximum chlorophyll content could
be observed in the plants inoculated with AMF (Ts). Regarding stomatal characters, highest
stomatal density was observed under the treatment Tg (POP + Azospirillum + BA 100 ppm)

and stomatal index was found to be non significant.
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Abstract

A study entitled ‘Refinement of nutrient management practices in Dendrobium
orchids’ was carried out at Department of Floriculture and Landscaping, College of
Horticulture, Vellanikkara from August 2016 to July 2017. The objective of the study was to
evaluate the influence of different bioinoculants and growth regulators on growth and yield
and to refine the existing nutrient management practices of Dendrobium orchids. The
experiment consisted of ten different treatments which included different combinations of
three bioinoculants viz., Arbuscular Mycorrhizal Fungi (AMF), Azospirillum and PGPR Mix-
I and three levels of benzyl adenine (BA) viz., 50, 100 and 150 ppm all super imposed on
existing KAU package of practice (POP) recommendations for orchids. Six months old tissue
cultured plants of Dendrobium variety ‘Yellow Splash’ were used for the study. Observations
regarding the morphophysiological characters, yield, postharvest aspects and nutrient uptake

were recorded.

Significant variation was observed among the treatments regarding the vegetative
characters. Plant height was maximum in plants treated with POP + AMF + BA 100 ppm
(Ts),whereas treatment Ty (POP + Azospirillum + BA 150 ppm) was found superior in terms
of other vegetative parameters like plant spread, leaf length and number of pseudobulbs per
plant. Maximum leaf breadth and leaf area were observed under the treatment Tg (POP +
Azospirillum + BA 100 ppm). No significant variation could be observed among the

treatments in terms of number of leaves and internodal length.

Among the treatments, early flower emergence was observed under the treatment Tg
(POP + Azospirillum + BA 100 ppm). Treatment T3 (POP + PGPR Mix-I + BA 150 ppm)
recorded minimum number of days for the opening of first flower. Maximum field life of the
spike was observed in plants under the treatment T (POP + AMF + BA 150 ppm).The
treatments consisting of AMF and Azospirillum with different levels of bioinoculants were
superior in terms of length of the spike, stalk length, number of flowers per spike and flower
size and the best performance was observed under the treatment Tg (POP + AMF + BA 150
ppm). Among the postharvest characters the treatment Ts (POP + AMF + BA 150 ppm)
showed superiority in vase life as well as fresh weight of the spike. Treatment Ty (POP +
Azospirillum + BA 150 ppm) exhibited highest value in terms of root parameters namely,

number of roots per plant and root volume whereas Ts (POP + AMF + BA 100 ppm) was
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superior in terms of root length. Regarding the nutrient content in the tissues, treatment T’
was having maximum content of N and P whereas highest content of K, Ca, Mg and S were
observed with T3 (POP + PGPR Mix-I + BA 150 ppm). Uptake of N was highest under the
treatment Tg (POP + Azospirillum + BA100ppm) while P uptake was found highest in Ts
(POP + AMF + BA 100 ppm). Plants under the treatment T3 exhibited the maximum uptake

of all other nutrients viz., K, Ca, Mg and S.

Chlorophyll a, b and total chlorophyll content were significantly higher in plants
treated with AMF, 100 ppm BA along with POP (Ts). The treatment combination of
Azospirillum along with 100 ppm BA exhibited highest stomatal density (Tg) and regarding

stomatal index, there was no significant difference observed among the treatments.

From the present study it could be observed that the treatments consisting of AMF as
well as Azospirillum in combination with 100-150 ppm BA significantly improved both
vegetative as well as floral characters in Dendrobium. The treatment POP + AMF +150 ppm

BA can be recommended for enhancing the growth and yield of Dendrobium orchids.
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