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Effect of various plant growth promoters and growing
conditions on flowering of Dendrobium cv. EARSAKUL

M. RAJANAIK anp K. AJTHKUMAR

ABSTRACT : The investigation on ‘Flowering response of Dendrobium cv. EARSAKUL to plant growth promoters in different growing
conditions’ was conducted at College of Horticulture, Vellanikkara, Kerala. Results revealed that, among plant growth promoters, the treatment
POP + OM + VW + PGPRE + Bonemeal + GR (T,) resulted in longer spike (31.34 cm), more flower count (6.54) and longer vase life (30.00
days), whereas, the treatment NPK + GR + OM + VW + PGPRE + Bone meal (T,) was the best with respect to time taken for first flower
opening (14.52 days) and number of spikes per plant (2.62) in six month old plants. In three year old plants, the treatment POP + OM + VW
+ PGPRE + Bonemeal + GR (T,) wasthe best with respect to time taken for flowering (283.91 days), daysto last flower opening (10.98 days),
number of spikes (2.63) and vase life (28.26 days), wheresas, length of the spike (30.46 cm) and number of flowers (5.08) were the highest in
the treatment NPK + GR + OM + VW + PGPRE + Bone mea (T,). Among three systems of growing, top ventilated polyhouse (S,) had
maximum influence on flower characters. In interaction, the combination of POP + OM + VW + PGPRE + Bone medl + GR (T,) and top
ventilated polyhouse (S,) was significantly superior in flower characters irrespective of the age of the plants.
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INTRODUCTION extremely large genus widely used in the commercially cut
flower production. It is the second largest genus in the family

Floriculture has become one of the important high value  with nearly 1600 species, is one of the commercially important
agricultural industriesin many countries of the world. Dueto  species. Most Dendrobium species are epiphytic and are from
globalization and itseffect onincomeenhancement indifferent  tropical and sub-tropical regions. It is a popular genus for cut
regions of the world, a growing per capita consumption of  flower production. Many growersin the states of Kerala, Tamil
floricultural products is witnessed in most of the countries.  Nadu and Coastal Karnataka are cultivating Dendrobiumon a
Among the orchid genera, Dendrobiumisavery complexand  commercial scale.

The type of nutrients, their quality and frequency of

application play animportant olecnthe growthand aualty o
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development, the transition from vegetative to reproductive
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growth is triggered by a number of environmental and
endogenous signals. Under controlled conditions of
greenhouse, the flowers exhibit the best quality attributes
required for the market. For better growth, yield and quality of
the flowers, the system of growing is very important. Micro
climate inside the growing system may drastically influence
the growth, flowering and quality of flowers (FeminaRajeevan,
2006). In their natural habitat, epiphytes usually meet with a
greater degree of environmental stress.

Optimization of the production processes and ensuring a
quality product for the market isequally important. To achieve
this goal, it is necessary to study the influence of various
inputs and growing systems are important for better flowering
in Dendrobium cv. EARSAKUL.

Keepinginview all these problems, the present experiment
was taken up with the objective to study the response of
Dendrobium cv. EARSAKUL to nutrients, plant growth
promoting root endophyte (PGPRE) (Piriformospora indica)
and plant growth regulators under three microclimatic
conditions.

EXPERIMENTAL METHODS

The experiments were carried out at the orchidarium of
All India Co-ordinated Floriculture Improvement Project
(AICFIP) in the Department of Pomology and Floriculture,
College of Horticulture, Vellanikkara, Thrissur, Kerala. Studies
were conducted over aperiod fromApril 2011 to March2013in
three types of growing systems viz., two level shade house
(S), top ventilated polyhouse (S,) and fan and pad system
(S,). Commercially cultivated orchid hybrid variety Dendrobium
CV. EARSAKUL was used for the study. Plants having two stages
of growth viz., six month and three year old plants (during the
start of investigation) were used. Plants were grown under 50
per cent shadein two level shadehouse (size: 21.00mx 6.00 m
x 3.50mx 2.00 m, top onelayer shade net, lower onelayer poly
film 200 micron with misting system), top ventilated polyhouse
(dze: 21.00mx 6.00 mx 3.50 mx 2.00 m, poly film 200 micron
covering with shade net and misting system) and in 75 per cent
shadeinfan and pad system (size: 12.50 m x 8.00 m x 6.00 m x
4.00 m, poly film 200 micron covering, UV stabilized shade net
with fan and pad for cooling system).The major nutrients
N:P,0.K.O attwodifferentratios, viz, 3:1:1and 1:2:2 @ 0.2
per cent were applied as foliar sprays during vegetative and
flowering stages, respectively. The frequency of application
was weekly twice. Nutrient combinations were made using
ammonium nitrate, ortho-phosphoric acid and potassium
nitrate.

Thetreatments consistsof T,- POP recommendations of
KAU (foliar feeding withfertilizer mixture of N:P,0,.K,03:1:1
during vegetative period and 1:2:2 during flowering period @
0.2 per cent, spraying at weekly twice as ammonium nitrate,
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ortho-phosphoric acid and potassium nitrate, respectively),
T,- POP + PGPRE (thefungal culture of Piriformosporaindica
was mixed with vermiculite @ 1 g per 100 g of vermiculiteand
applied near the root zone at the time of planting) + bone meal
(15 g per plant applied near root zone at the time of planting),
T,- POP+ OM (bone meal, neem cake and ground nut cake 100
g each, soaked in water for 3-4 daysand diluted to 10-15 times
with water, filtered and sprayed over plantsat 15 daysinterval)
+ vermiwash (diluted to 3 % and sprayed at 15 daysinterval) +
PGPRE + bonemed, T,- POP+ OM +VW + PGPRE + bonemeal
+ GR (BA 50 mg I'* and GA, 10 mg I* sprayed at monthly
intervals), T.- 10:20:10NPK + GRand T - NPK + GR+ OM +
VW + PGPRE + bone meal. The experiment was laid out in
Completely Randomized Design comprising six treatments,
three replications and five plants per treatment for recording
observations. The observations were recorded on days to
flowering, days to first flower opening, days to last flower
opening, length of the spike, number of flowers, size of the
flower, number of spikes and vaselife. The experimental data
were analyzed by the ANOVA (Analysisof Variance technique
(Panse and Sukhatme, 1985). MSTATC and M S-Excel software
were used for computation of data.

EXPERIMENTAL RESULTSAND ANALYSIS

The results obtained from the present study have been
discussed in detail under following heads :

Daystoflowering:

Data recorded on days to flowering revealed that, in six
month old plants, the days to flowering did not vary
significantly among various plant growth promoters, whereas
thetreatment POP+ OM + VW + PGPRE + Bonemesl + GRtook
minimum period (283.91 days) for flowering in three year old
plants (Table 2). This result could be explained by the
phenomenon that the Dendrobium plants normally bloom one
year after planting. Sincethe age of the plant isbelow one year
(vegetative phase), the treatment had no significant effect on
blooming, whereasin threeyear old plants, significant influence
was observed in the treatment POP + OM + VW + PGPRE +
Bone mea + GR due to the reason that the growth regulators
viz, BA and GA , would have accelerated theflowering. A similar
trend was observed in Dendrobium by Swapna (2000) and
Dhinesh (2009).

A perusal of the dataindicated that, among three systems
of growing, top ventilated polyhouse had significant influence
on daysto flowering irrespective of the age of theplants (252.95,
225.42 days). The reason for this finding could be attributed
that temperature isthe most important factor coupled with light
which controls the performance of the plant both in terms of
growth and development in top ventilated polyhouse. Similar
type of findings was reported by Leonhardt (2000) and
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Sugapriyaet al. (2012) in Dendrobium.

In T x Sinteraction, in six month old plants, the
combination of POP+ OM + VW + PGPRE + Bone meal and
top ventilated polyhouse took minimum time for days to
flowering (128.06 days). Inthreeyear old plants, POP+ OM +
VW + PGPRE + Bonemeal + GR and top ventilated polyhouse
took minimum days (118.08 days). The possible reason that
could be attributed to this phenomenon is that the days to
flowering in six month old and three year old plantswas purely
influenced by the system of growing.

Daystofirst flower opening:

The influence of plant growth promoters showed that
the combination of NPK + GR + OM + VW + PGPRE + Bone
meal took minimum period for first flower opening in six month
old plants (14.52 days). The reason might be due to positive
influence of nutrients along with P. indica may favour the
plantsfor luxuriousgrowth and ultimately for earliest timefor
the plants to come to show first flower opening. Thiswas in
confirmation with the findings of Binisha (2003), Dhinesh

(2009), Sugapriya et al. (2012) and Nambiar et al. (2012) in
Dendrobium. None of the treatments showed significant
influence on days to first flower opening in three year old
plants(Table 2).

An examination of the data showed, among systems of
growing, daysto first flower opening did not vary significantly
due to the influence of growing systems irrespective of the
age of the plants (Tables 1 and 2). This might be due to the
reason that systems of growing had no effect on days to first
flower opening in both stages of plants.

In interaction of inputs and growing systems, the
combination of NPK + GR+ OM + VW + PGPRE + Bonemedl
and two level shade house took minimumtime (12.76 days) for
first flower opening in six month old plants. However,
interaction treatments had no significant influence on daysto
first flower opening in three year old plants (Table 2).

Daystolast flower opening:
Among various inputs, in six month old plants, days to
last flower opening did not vary significantly (Table 1).

Tablel: Influenceof plant growth promoters(T), growing systems(S) and T x Sinteraction on flower charactersin six month old plants of
Dendrobium cv. EARSAKUL

Treatments Daysto flowering Days to first flower opening Daysto last flower opening Length of the spike (cm)

S S Ss Mean S S S  Mean S S S Mean S S Mean
Ta 406.87 28292 47733 389.04 1745 1933 2339 20.06 1748 1526 1250 1508 22.03 26.06 2445 24.18
T 38144 138.06 407.70 309.06 1522 1650 1644 16.06 14.85 1150 13.90 1342 26.88 2848 17.79 24.38
Ts 38275 128.06 43328 314.69 1518 1558 19.17 16.64 1207 1035 13.17 1186 2891 3121 2692 29.01
Ta 31825 37344 38145 357.71 14.87 1629 1511 1542 1076 1263 1244 1194 33.16 36.05 2482 3134
Ts 347.98 34450 43450 37566 16.76 1839 1539 16.84 11.02 1302 1233 1212 2764 2596 17.90 2384
Te 341.76 250.75 42794 340.15 1276 13.04 17.75 1452 1137 962 1767 1289 2951 3098 2565 2871
Mean 363.17 25295 427.03 15.37 1652 17.88 1293 12.06 13.67 28.02 29.79 2292
C.D. T:NS T:4.38 T:NS T:5.14
(P=0.05) S: 56.56 S:NS S: NS S: 3.63

T x S: 145.90 TxS:7.58 TxS:6.27 TxS:890

Treatments Number of flowers per spike Size of the flower (cm) Ixb Number of spikes per plant Vaselife (days)

S S S Mean S S Ss Mean S S S Mean S S S Mean
Ta 385 354 383 374 7.70x6.87 7.97x6.60 7.80x6.90 7.82x6.79 222 222 117 187 2281 2214 1912 2136
T, 470 442 250 387 8.01x7.05 7.65x6.22 5.49x5.00 7.05x6.08 256 289 0.67 204 2437 2437 2056 23.09
Ts 511 811 428 507 7.25x6.60 8.16x7.06 8.01x6.93 7.81x6.86 2.22 322 133 226 2588 2655 2330 2524
Ta 719 581 433 654 846x7.36 8.49x7.28 7.81x7.17 825x7.23 333 356 067 252 30.72 33.06 26.22 30.00
Ts 448 507 200 385 7.78x6.85 8.14x7.03 5.45x4.97 7.12x6.28 189 200 122 170 26.74 2807 2233 2572
Te 6.07 644 367 539 8.09x6.91 8.16x7.17 8.18x7.67 8.14x7.29 322 330 133 262 3041 3207 2433 2894
Mean 524 557 344 7.88x6.90 8.09x6.89 7.12x6.44 257 286 107 26.82 27.71 2264
C.D. T:0.74 T:NSx NS T:0.35 T:0.55
(P=0.05) S:0.53 S:NSX NS S:0.25 S:0.39

TxS:1.29 T xS NSxNS TxS: 061 TxS:0.96

Si- Two level shade house, S,- Top ventilated poly house, S;- Fan and pad system
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However, the treatment POP + OM + VW + PGPRE + Bone
meal + GR took minimum days (10.98 days) for last flower
opening in three year old plants. This might be due to the
positive influence of nutrients and P. indica help the plants
for taking shorter period for last flower opening on the spike.
Thisis in agreement with the findings of Dhinesh (2009) in

Dendrobium.
40
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Fig. 1: Yearly mean temperature (°C) in different growing
systems

Systems of growing had no significant influence on days
to last flower opening in six month old plants (Table 1). Among
different systems of growing, two level shade house showed
limited period (12.58 days) for last flower opening in three
year old plants.

The interaction of treatments and systems of growing
showed significant influence on days to last flower opening
in both stages (Tables 1and 2). The combination of NPK + GR
+OM + VW + PGPRE + Bonemeal and top ventilated polyhouse
took few days(9.62, 9.15 days) for last flower opening in both
stages of plants. This might be due to positive influence of
nutrients and congenial environmental conditions (Fig. 1, 2
and 3) could be the reason for taking minimum period for last
flower opening in plants grown under top ventilated
polyhouse.
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Fig. 2: Yearly mean relative humidity (%) in different
growing systems

Length of thespike:
From the investigation it was observed that, among
varioustreatments, thetreatment POP + OM + VW + PGPRE +
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of the growing systems

Bonemeal + GRinsix month old plants(31.34 cm) and NPK +
GR+OM + VW + PGPRE + Bonemeal inthreeyear old plants
(30.46 cm) recorded significantly longer spikes. This result
could be explained that the length of the spike was directly
influenced by the growth characters of the plant which was
determined by nutrients, growth regulators and P. indica. A
similar type of finding was reported by Swapna (2000),
Ramachandrudu (2008), Meghana (2008), Nair and Sujatha
(2010) in Dendrobium.

Among three systems of growing, top ventilated
polyhouse produced significantly longer spikes irrespective
of the age (29.79 cm, 29.50 cm). This could be due to the
influence of high temperature, high light intensity and low
relative humidity prevailing in top ventilated polyhouse (Fig.
1, 2 and 3). This was in accordance with the findings of
Arumugam and Jawaharlal (2004) in Dendrobium.

The interaction of plant growth promoters and systems
of growing showed significant influence on spike length in
both stages (Tables 1and 2). The combination of POP+ OM +
VW + PGPRE + Bone meal + GR and top ventilated polyhouse
in six month old plants (36.05 cm), NPK + GR+ OM + VW +
PGPRE + Bone meal and top ventilated polyhouse (34.80 cm)
in three year old plants recorded significantly longer spikes.

Number of flowersper spike:

The information made available in the Tables reveal ed
that flower count varied significantly among varioustreatments
in both stages. The treatment POP + OM + VW + PGPRE +
Bonemeal + GRinsix month old plants (6.54) and NPK + GR +
OM + VW + PGPRE + Bonemeal inthreeyear old plants (5.08)
produced significantly higher flower count per spike. The
number of flowers per spike was directly proportionate to the
length of spike. This could be the reason for more number of
flowers per spike was observed in the treatments. Thiswasin
conformation with Bichsel and Starman (2008) and Kumar et
al. (2009) in Phalaenopsis. The plant growth promoter contains
growth regulators which enhanced the production of flowers
per spike in both stages of plants. Similar type of finding was
reported by Swapna (2000), Rajeevan and Swapna (2003) in
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Dendrobium.

Among systems of growing, top ventilated polyhouse
produced more number of flowers per spikeirrespective of the
age of the plants (5.57 and 5.47). The reason might be dueto
the effect of high temperature, high light intensity and low
relative humidity prevailing inside thetop ventilated polyhouse
(Fig. 1, 2 and 3). This was in agreement with the report of
Fernandez (2001) in Dendrobium and Hew and Yong (2004) in
Phalaenopsis.

It was noticed that interaction treatments showed
significant influence on flower count. In the interaction of
plant growth promoters and systems of growing, the
combination of POP+ OM + VW + PGPRE + Bone meal and
top ventilated polyhouse recorded maxi mum number of flowers
in six month old plants (8.11). In three year old plants, the
combination of NPK + GR+ OM + VW + PGPRE + Bonemea
and top ventilated polyhouse recorded significantly higher
number of flowers(6.46). Thismay perhapsdueto theinfluence
of nutrients, P. indica and congenial environmental conditions
prevailing inside top ventilated polyhouse could have

influenced for more flower count per spike.

Sizeof theflower :

Size of the flower did not vary significantly among
different treatments, growing systemsand interactionsin both
six month old and three year old plants (Tables 1 and 2). This
might be due to the genetic factors limiting the size of the
flowersin Dendrobium.

Number of spikesper plant :

Theinput NPK + GR + OM + VW + PGPRE + Bone meal
insix month old plants (2.62) and POP+ OM + VW + PGPRE +
Bone meal + GR in three year old plants (2.63) recorded
significantly higher number of spikes per plant. Thiscould be
attributed to the role of P. indica in both the plant growth
promoters would have influenced the root system and
absorption of nutrients which further enhances the more
number of shoots per plant which in turn favoured the
production of spikes. This finding was in agreement with the
observations of Dhinesh (2011) in Dendrobium, Chansean et

Table2: Influence of plant growth promoters(T), growing systems (S) and T x Sinteraction on flower charactersin threeyear old plants of

Dendrobium cv. EARSAKUL

Treatments Daysto flowering Daysto first flower opening Daysto last flower opening Length of the spike (cm)
S S Ss Mean S S S Mean St S S Mean S S S Mean

T, 361.87 271.83 410.70 34813 2146 1836 16.67 1883 1253 16.67 14.67 1462 2374 2366 23.02 2347
T, 29759 362.00 42755 36238 1815 1722 1600 17.12 1019 1447 1350 1272 2715 2755 29.72 28.14
Ts 40850 254.86 47694 380.09 1495 1560 1875 1643 1402 1232 1222 1285 2559 2829 2859 27.49
Ta 369.98 118.08 363.68 28391 1347 1539 1517 1468 916 1186 11.92 1098 3290 3226 952 24.89
Ts 31300 127.89 41446 28512 1664 1652 1556 1624 1923 1167 1444 1511 3060 3044 1589  25.65
Te 35831 217.83 34163 30593 1374 1420 1467 1420 1035 915 1433 1128 27.34 3480 2923 3046
Mean 351.54 22542 405.83 16.40 1622 16.13 1258 12.69 1351 27.88 2950 22.66
C.D. T:74.17 T:NS T:0.29 T:5.00
(P=0.05) S: 52.45 S:NS S:1.00 S: 3.54

TxS:128.47 TXxS:. NS TxS: 046 TxS: 868
NS =Non-significant

Number of flowers per spike Size of the flower (cm) Ixb Number of spikes per plant Vaselife (days)

Treetments ™ g 5, S, Mean S, S, S Mean S S S Mean S S S Mean
T, 384 401 367 384 7.69x6.85 7.38x6.55 7.55x6.58 7.54x6.66 1.67 256 133 185 1857 2024 17.89 18.90
T 428 514 333 425 7.34x6.49 7.46x6.68 7.93x7.30 7.58x6.82 194 256 050 167 2619 2552 19.89 23.86
Ts 480 540 411 475 8.06x7.11 7.80x6.86 8.09x7.50 7.98x7.16 244 278 133 219 2567 2633 2263 24.88
Ta 589 6.33 125 449 831x7.19 8.13x7.30 7.93x6.97 8.13x7.13 322 300 167 263 2844 3044 2589 2826
Ts 491 546 228 422 838x7.28 7.57x6.93 5.36x4.97 7.10x6.39 222 239 067 176 2533 2533 2033 23.67
Te 511 646 367 508 829x7.27 7.63x6.65 8.04x6.57 7.98x6.83 233 189 100 174 2922 29.17 2367 27.35
Mean 480 547 3.04 8.01x7.03 7.66x6.82 7.48x6.65 231 253 1.08 2557 26.17 21.72

T:0.72 T: NSx NS T:0.53 T:0.75
CD (0.05) S: 051 S:NSx NS S 0.37 S: 053

TxS: 1.24 T xS:NSx NS TxS:0.91 TxS:1.30

Si- Two level shade house, S,- Top ventilated poly house, S;- Fan and pad system
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al. (2006) and Wang (2008) in Phalaenopsis.

Top ventilated polyhouse recorded significantly higher
spike count per plant irrespective of the age of the plants
(2.86, 2.53). This might be due to the high light intensity and
temperature would have influenced the more number of shoots
per plant which in turn favourable for more number of spikes
per plant. Similar trend of report was made by Sugapriyaet al.
(2012) in Dendrobium.

In interaction, the combination of POP + OM + VW +
PGPRE + Bone meal + GR had more influence on number of
spikes per plant in top ventilated polyhouse in six month old
plants and in two level shade house in three year old plants
(Tables 1and 2). Thisresult further reinforced the findings of
independent effects of plant growth promoters and systems
of growing.

Vaselife:

The data presented in the Tables indicated that the
treatment POP + OM + VW + PGPRE + Bone meal + GR
recorded significantly highest vaselifein both stages of plants
(30.00 and 28.26 days). This might be due to the reason that
theinfluence of P. indica and growth regulatorsin the nutrient
combination increased the vase life. Similar finding was
reported by Dhinesh (2009) in Dendrobium.

Top ventilated polyhouse recorded significantly highest
vase lifeirrespective of the age of the plants (27.71 and 26.17
days) among the growing systems. Favourable temperature,
lower relative humidity and higher light intensity was observed
under top ventilated polyhouse (Fig. 1, 2 and 3). Thiscould be
the reason for maximum vase life of the flowers recorded in
top ventilated polyhouse. Thefindings arein conformity with
the observations of Fernandez (2001) in Dendrobium.

In interaction, the combination of POP + OM + VW +
PGPRE + Bone meal + GR and top ventilated polyhouse
recorded significantly higher vaselifein both stages of plants
(33.06 and 30.44 days). The attributes explained for plant
growth promoters and systems of growing for vase life might
be the reason for the result.

Fromthe above investigation, it was concluded that plant
growth promoters POP + OM + VW + PGPRE + Bone meal +
GRand top ventilated polyhouse (T,S,) had maximum influence
on flower parameters and is considered to be an optimum
treatment combination for better flowering. The association
of P.indicain root system of Dendrobium cv. EARSAKUL was
highly significant and the P. indica fungus enhanced higher
root absorption and facilitates the flower parameters
significantly.
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