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Abstract : The study was carried out to investigate the influence of plant growth promoters and systems of growing on physiological
parameters of Dendrobium cv. EARSAKUL. The main objective was to assess the response of combination of nutrients, plant growth regul ators
and plant growth promoting root endophyte (PGPRE) in two age groups of Dendrobium cv. EARSAKUL plants (six month old and three year old
at planting time) under three growing systems viz., two level shade house (S)), top ventilated polyhouse (S,) and fan and pad system (S,).
Results revealed that leaf area (29.99 m?), relative growth rate (0.013 g g* day*) and number of stomata (41.14) were highest in six month old
plants, whereas, dry matter production (20.92 g plant) and crop growth rate (0.148 g m? day™*) were highest in three year old plantsin the
treatment POP + OM + VW + PGPRE + bone meal + GR (T,). Dry matter production (14.27 g plant™), crop growth rate (0.131 g m? day™),
rate of photosynthesis (6.36 pmol CO, m? s*) and transpiration rate (6.56 umol m? s?) during day time were highest in the treatment POP +
OM +VW + PGPRE + bone medl (T,) in six month old plants. Among the systems of growing, maximum valuesfor physiological parameters
were recorded in top ventilated polyhouse. The interaction of plant growth promoters and systems of growing had significant effect on
physiological parameters.
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INTRODUCTION In Dendrobiumcv. EARSAKUL, among the physiological

) o parameters, higher leaf area was resulted by the package of

Among theorchid genera, Dendrobiumisavery complex  nrantices of KAU + organic mixture + Piriformosporaindica

and extremely large genus widely used in the commercialy ., yermiwash + bone meal (Dhinesh, 2009). Many orchids are
cut flower production. It is the second largest genus in the planted under shade since high light affects both vegetative

family with nearly 1600 species, is one of the commercialy  gnq reproductive tissues. However, plants grown continuously
important species. Most Dendrobium species are epiphytic  nder ow light may suffer from a reduction in the rate of

and arefrom tropical and sub-tropical regions. Itisapopular photosynthesis and reduction in growth rate (Khoo et al.,

genus for cut flower production. Many growersinthe states  1997) | eaf areaisamore direct indication of photosynthetic
of Kerala, Tamil Nadu and Coastal Karnatakaare cultivating  effjciency of a plant. In Dendrobium, it is more so, because,

Dendrobium on acommercial scale. being an epiphytic plant, nutritionislittlethrough the growing
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media. Instead, foliar spray is the common practice for
supplying nutrientswhereincreased | eaf areafavoursincreased
absorption. Total leaf areashowed an increasewith theincrease
in nutrient concentration (Swapna, 2000).

Light intensity influences plant growth through
photosynthesis. Good vegetative growth is an indication of
the photosynthetic ability of plants. The photosynthetic rate
of Cymbidium sinenseislow and ranges between 2.0 and 2.6
umol CO, m? s* which is about 1/5 that of most of C, plants.
There is no difference in the photosynthetic rates of one-and
two-year-old leaves, and therate declinessignificantly in three-
year—old leaves (Ye et al., 1992). Samasya (2000) reported
that Dendrobium Sonia 17 plants subjected to 50 per cent
light intensity and less than 70 per cent relative humidity
exhibited lesser transpiration rate.

Themajor constraints encountered in Dendrobiumorchid
cultivation are growing conditions, long pre blooming period
and susceptibility to pest and diseases. It is envisaged that
growing tropical orchidsfor cut flower production and potted
plantswill benefit from the recent advancesin plant physiology
and biotechnology. For the orchid industry, producing an
improved hybrid, through conventional breeding or genetic
engineering, is only the beginning. Optimization of the
production processes and ensuring a quality product for the
market isequally important. To achievethisgoal, agood basic
understanding of orchid physiology is essential to solve key
physiological issues. However, we lack information on the
rate of photosynthesis and transpiration of tropical orchids
under green house cultivation, particularly at a commercial
level. This information is crucial in the optimization of the
growth and yield of orchidsin commercial farms.

Keeping in view all these problems, the present
investigation on influence of plant growth promoters and
systems of growing on physiological parameters of
Dendrobium cv. EARSAKUL” was planned.

MATERIAL AND 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 March 2013
in three types of growing systemsviz., 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 were used (at planting time). Plants were grown under
50 per cent shade in two level shade house (size : 21.00x
6.00x3.50x2.00 m, top one layer shade net, lower one layer
poly film 200 micron with misting system), top ventilated
polyhouse (size: 21.00x6.00x3.50x2.00 m, poly film 200
micron covering with shade net and misting system) and in

75 per cent shade in fan and pad system (size :
12.50%8.00%x6.00x4.00 m, poly film 200 micron covering, UV
stabilized shade net with fan and pad for cooling system).
The mgjor nutrients N : P,O, : K,O at two different ratios,
viz, 3:1:1 and 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.

The treatments consists of T,- POP recommendations
of KAU (foliar feeding with fertilizer mixture of N : P,O,:
K,0 3:1:1 during vegetative period and 1:2:2 during flowering
period @ 0.2 per cent, spraying at weekly twice asammonium
nitrate, ortho-phosphoric acid and potassium nitrate,
respectively), T,- POP + PGPRE (the fungal culture of
Piriformospora indica was mixed with vermiculite @ 1 g per
100 g of vermiculite and applied near the root zone at the
time of planting) + bone meal (15 g per plant applied near
root zone at thetime of planting), T,- POP+ OM (bone meal,
neem cake and ground nut cake 100 g each, soaked in water
for 3-4 days and diluted to 10-15 times with water, filtered
and sprayed over plants at 15 days interval) + vermiwash
(diluted to 3 % and sprayed at 15 daysinterval) + PGPRE +
bone meal, T,- POP+ OM + VW + PGPRE + bone meal +
GR (BA 50 mg I'* and GA, 10 mg |** sprayed at monthly
intervals), T.- 10:20:10NPK + GRand T .- NPK + GR + OM
+ VW + PGPRE + bone meal. The experiment waslaid out in
Completely Randomized Design comprising six treatments,
three replications and five plants per treatment for recording
observations.

The observations on physiological parameters were
recorded and methodology followed as detailed below.

Leaf area:

The length and breadth of leaf was measured and the
area of leaf was computed by using the following regression
equation developed as part of the present study (R?).

Leaf area (a) = - 25.857 + 8.95 x breadth + 2.184 x |length

Chlorophyll content :

The chlorophyll content of the leaves was determined
using 80 per cent acetone (Porra, 2002). The most recent,
fully devel oped leaf wastaken and cut into small pieces (100
mg), the leaf sample pieces digested in 10 ml acetone and
ground well using mortar and pestle. Then ground material
was poured into centrifuge tube and centrifuged at 5000 rpm
for 10 minutes. The supernatent sol ution was poured into vial
(cuvette). The absorbance was read at 646.6 nm and 663.6
nm using distilled water as blank with spectrophotometer.
Chlorophyll a, b and total chlorophyll was calculated using
the formula, and expressed in mg g* fresh weight.

Chlorophyll a=12.25 (A, — 2.55 (A
acetone / 100 mg leaf tissue

) x 10 ml

646.6
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Chlorophyll b = 20.31 (A,,;)) — 4.91 (A, * 10 ml
acetone / 100 mg leaf tissue

Total chlorophyll =17.76 (A, ) + 7.34 (A, ) * 10ml
acetone / 100 mg leaf tissue.

Relative growth rate:

Relative growth rate (RGR) istherate of increasein dry
weight per unit time expressed in g day. It is calculated by
the formula suggested by Blackman (1919) :

_ LogeW; — LogeW,
B (tz-t1)

where, W, and W, are the dry weight of the whole plant
attimet andt,, respectively.

RGR

Net assimilation rate:

Net assimilation rate (NAR) refersto the change in dry
weight of the plant per unit leaf area per unit time. NAR can
be determined by measuring plant dry weight and leaf area
periodically during the growth and iscommonly expressed in
g m2day? (Williams, 1946) :

NAR = Wy —Wq < L ogeW, — L oge Wq

(LA2-LA) tr-tg

where, LA, and LA, are the leaf area of plant and W,
and W, are the whole plant dry weight at time t, and t,,
respectively.

Crop growth rate:
Crop growth rate (CGR) was cal culated using the formula
of Yaduraju and Ahuja (1996) and expressed in g m2day *:
Wy - W
To-Ty

CGR = 1

Dry matter production :

Pseudo stems, leaves and roots of the uprooted plants
were dried to a constant weight at 70°C — 80°C in a hot air
oven. The sum of the dry weights of component parts gave
total dry matter production and expressed as g plant.

Somatal characters:

Stomatal impressions were taken at three different areas
using glue (quick fix). The number of stomata per square
millimeter of microscopic field (0.11 mm?) was counted and
recorded as per square millimeter (number of stomata/ 0.11
mmy?).

Diffusiveresistance:
Diffusive resistance of the |l eaf was measured using Infra
Red GasAnalyzer (IRGA) and expressed as S cm'™.

Rate of photosynthesis:
Photosynthetic rate of the leaf was recorded by using
Infrared gas analyzer (IRGA) during the night (6 pm to 11

pm) and expressed as umol CO, m?s™.

Rate of transpiration :

Transpiration rate of the leaf wasrecorded by using Infra
red gas analyzer (IRGA) during the night (6 pm to 11 pm)
and day time also and expressed as umol m2s?,

The observation on photosynthetic rate was measured
on the second leaf of the current shoot (Chang et al., 2010)
and data on photosynthesis, rate of transpiration during night
and day was recorded by using IRGA (Infrared gas analyzer)
at six months after planting in both the stages of plants. The
experimental datawere analyzed by the ANOVA (Analysis of
variance technique) (Panse and Sukhatme, 1985). MSTATC
and MS-Excel software were used for computation of data.

RESULTS AND DISCUSSION

The findings of the present study as well as relevant
discussion have been presented under following heads :

Leaf area:

Datamade available in the Tables 1 and 2 reveal ed that
the combination of POP+ OM + VW + PGPRE + bone mea
+ GR recorded significantly higher leaf area irrespective of
the age of the plants (29.99 cm?, 30.58 cn¥?). These results
might be attributed that the leaf area was determined by a
number of leaves per plant. Similar results were reported by
Dhinesh (2009) and Sugapriya et al. (2012) in Dendrobium.

Among system of growing, top ventilated polyhouse had
maximum influence on leaf areain six month old plants (28.92
cn?). Theincrease in leaf number resulted in increasein leaf
area (or) increasein leaf area can be attributed to increase in
leaf number.

The combination of POP+ OM + VW + PGPRE + bone
meal and top ventilated polyhouse in six month old plants
(34.41 cn?), POP + OM + VW + PGPRE + bone meal + GR
and two level shade house in three year old plants recorded
significantly higher leaf area (32.73 cm?). In six month old
plants, the P. indica would influence the production of more
number of leaves per plant which in turn enhance the leaf
area in top ventilated polyhouse with the condition of high
temperature, high light intensity and low relative humidity
(Fig. 1, 2 and 3). Foliar feeding of organic manures may also
the reason for highest leaf area. Whereas in three year old
plants, the effect of P. indica and growth regulators would
influence the production of more number of leaves which
ultimately resulted in more leaf area.

Dry matter production :

The plant growth promoter POP + OM + VW + PGPRE
+ bone meal in six month old plants (14.27 g plant?), POP +
OM + VW + PGPRE + bonemeal + GRinthreeyear old plants
recorded significantly higher DMP (20.92 g plant?) (Table 1
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Tablel: Influence of plant growth promoters (T), growing systems (S) and T x S interaction on physiological parametersin six month old
plants of Dendrobium cv. EARSAKUL
Trestments Lestf area (cm?) Dry m(astg a[?]rt(?ltiluctlon Cr?gp r?]rzoxgg lr)aute Relangg_ lg[joa\gltlt; rate
St S S Mean S S S Mean S S S Mean S S S Mean
T, 19.26 2688 2873 2503 538 927 793 753 0076 0104 0.089 009 0.009 0.010 0.007 0.009
T, 2371 2966 2894 2743 710 1243 692 882 0.067 0107 0.080 008 0.012 0012 0.009 0.011
Ts 2485 3441 2895 2933 1393 1607 1280 1427 0169 0130 0.093 0131 0.011 0.011 0.008 0.010
Ta 3125 3046 2827 29.99 6.72 1547 612 943 0084 0.116 0.075 0.091 0.018 0.013 0.019 0.013
Ts 2149 2742 1651 2181 510 1025 693 743 0071 008 0.079 0078 0.008 0.009 0.007 0.008
Te 2325 2572 1823 2206 1480 805 798 1028 0179 0147 0011 0125 0.007 0.008 0.006 0.007
Mean 2397 2892 2494 884 1192 811 0.107 0.115 0.078 0.010 0.010 0.008
C.D. (P=0.05) T: 271 T:1.95 T: 0.040 T: 0.003
S 191 S 1.38 S: 0.028 S:NS
TxS: 469 TxS:338 T x S: 0.069 T x S: 0.005
Net assimilation rate Rate of photosynthesis Rate of transpiration Rate of transpiration
fveatmen (gm? day?) Number of stomata (umolpCOZ il s?) (night) (umjlp m? s (day) (umolspm’z s?)
S S S Mean S S $ Men & S S Men &6 S S Men S0 S0 S Mean
T, 0.004 0.009 0.004 0.006 34.32 31.80 2826 31.46 424 886 373 561 014 023 011 016 173 440 315 3.09
T, 0.006 0.009 0.004 0.006 31.80 44.92 39.38 38.70 4.83 610 349 481 016 045 018 026 381 527 311 4.06
Ts 0.007 0.009 0.005 0.007 34.82 34.33 3938 36.17 494 973 441 636 014 023 010 016 883 7.77 3.09 6.56
Ta 0.009 0.009 0.006 0.008 40.33 41.38 41.72 41.14 362 6.01 326 429 021 046 007 025 388 539 324 417
Ts 0.006 0.006 0.003 0.005 2855 37.85 3835 3491 248 690 383 442 010 037 012 019 446 919 247 537
Te 0.004 0.011 0.002 0.006 32.29 39.36 4300 3821 420 358 258 345 015 0.14 015 015 241 395 29 3.10
Mean 0.006 0.009 0.004 33.68 38.27 38.34 405 6.86 355 015 0.32 0.12 418 6.00 3.00
CD T:NS T:341 T:1.72 T:0.032 T:1.29
(P=0.05) S: 0.002 S 241 S 121 S: 0.023 S:0.91
T x S:0.007 TxS 591 TxS:298 T x S: 0.056 T xS:2.23

NS = Non-significant

Table2: Influence of plant growth promoters (T), growing systems (S) and T x S interaction on physiological parameters in three year old
plants of Dendrobium cv. EARSAK UL
Dry matter production Crop growth rate Relative growth rate
Treatments Leaf area (cn) g (9 pIaF;]t’l) (gs) r?f2 day?) (g g‘gday'l)
S S S Mean S S Ss Mean S S S Mean S S S Mean
T: 20.72 2566 1866 2236 6.76 846 693 738 0105 0.106 0.090 0.100 0.016 0.011 0.008 0.011
T, 2543 2752 2401 2613 1233 1333 966 1177 0092 0.108 0.065 0.088 0.014 0013 0.010 0.012
Ts 2505 3141 3153 2717 1766 2433 1230 1809 0.156 0.122 0091 0.123 0012 0.012 0.009 0.011
Ta 3273 2630 2380 3058 2233 2666 1376 20.92 0180 0.159 0104 0.148 0.011 0015 0.014 0.012
Ts 2215 1936 2348 2122 788 1178 888 951 0098 0.128 0.086 0.104 0.010 0.010 0.007 0.009
Ts 1884 2081 2081 1949 1525 1616 1181 1441 0117 0.114 0100 0.110 0.039 0.009 0.007 0.018
Mean 2415 2518 24.14 13.70 16.78 10.56 0.125 0.123 0.089 0.017 0.012 0.008
C.D. T:2.28 T:1.64 T:0.033 T: NS
(P=0.05) S NS S 1.16 S 0.023 S:NS
TxS:3.96 TxS: 284 T x S: 0.057 T x S:0.021
Net assimilation rate Rate of photosynthesis Rate of transpiration Rate of transpiration
Treatments (g m? day?) Number of stomata (umoIpCOZ il sY  (Night) (umslp m?s?)  (day time) (pnsq%l m?s?)
S S S Mean S S $ Men § & S Mean § 0§ 0§ Mean 5§ 0S5 0§ Mean
T, 0.011 0.007 0.004 0.007 32.79 34.80 37.35 3498 3.72 592 449 471 012 009 026 015 240 233 356 276
T, 0.013 0.012 0.003 0.009 40.39 37.33 38.33 3868 3.78 358 322 353 019 012 004 012 388 6.15 328 4.44
Ts 0.012 0.010 0.004 0.009 3837 38.86 4236 39.86 3.71 3.63 493 409 015 009 005 010 314 671 264 416
Ts 0.007 0.014 0.005 0.009 30.33 44.92 39.85 3836 282 351 872 501 022 006 029 019 720 142 196 353
Ts 0.009 0.014 0.004 0.009 34.32 37.85 36.33 36.16 287 296 658 414 011 020 023 017 405 057 310 257
Ts 0.028 0.017 0.004 0.016 35.83 38.86 39.38 38.02 295 398 326 340 016 006 022 014 873 3.06 340 5.06
Mean 0.013 0.012 0.004 35.34 38.77 38.93 330 393 5.20 0.16 0.10 0.18 490 3.37 298
C.D. T:NS T.3.22 T:NS T:NS T.0.81
(P=0.05) S: 0.007 S 2.28 S 184 S NS S 0.57
T xS:0.017 TxS:557 TxS: 451 T xS:0.301 TxS 141

NS = Non-significant

Internat. J. agric. ci. | Jan., 2015 | Vol

.11 [1ssue 1 [116-124 [ [119]

Hind Agricultural Research and Training Institute




INFLUENCE OF PLANT GROWTH PROMOTERS & GROWING SYSTEMS ON PHY SIOLOGICAL PARAMETERS OF Dendrobium

Temperature (°C)

Maximum Minimum  Maximum  Minimum Maximum  Minimum Maximum  Minimum
8 am 8 am 2.30 pm 2.30 pm 8 am 8 am 2.30 pm 2.30 pm
I year 2 year

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

90

80
70

60
50

40~
30

Relative humidity (%)

20+
10+

Maximum  Minimum  Maximum  Minimum Maximum  Minimum  Maximum  Minimum
8 am 8 am 2.30 pm 2.30 pm 8 am 8 am 2.30 pm 2.30 pm
I year 2 year
Fig. 2: Yearly mean relative humidity (%) in different growing systems
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Fig. 3: Yearly mean light intensity (lux) inside and outside of the growing systems
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and 2). These findings might be dueto plant height and number
of shoots per plant were more in the treatment POP + OM +
VW + PGPRE + bone meal for six month old plants whereas,
the number of leaves per plant, leaf area was more in the
treatment POP + OM + VW + PGPRE + bonemeal + GR. This
might be the reason for more DMP observed in those
treatments in six month old and three year old plants,
respectively.

Top ventilated polyhouse had maximum influence on
DMP irrespective of age of the plants (11.92 g plant?, 16.78
g plant?). The plant height, number of leaves, number of shoots
and leaf areawere maximum intop ventilated polyhousewhich
might have resulted in increased DMP in plants grown under
top ventilated polyhouse. These findings are in conformity
with the results obtained by Fernandez (2001) in Dendrobium.

In TXS interaction, the combination of POP + OM +
VW + PGPRE + bone meal and top ventilated polyhouse in
six month old plants (16.07 g plant?) and POP+ OM + VW +
PGPRE + bone meal + GR and top ventilated polyhouse in
three year old plants recorded higher DMP (26.66 g plant™?).
These results are in conformity with earlier results of plant
growth promoters and systems of growing on DMP.

Crop growth rate:

Theinput combination POP+ OM + VW + PGPRE + bone
meal in six month old plants (0.131 g m2 day), POP + OM +
VW + PGPRE + bone meal + GRinthreeyear old plants(0.148
g?day™) recorded significantly higher CGR (Tables1and 2). The
CGRisthe proportion of dry matter production and time period
of growth. Theresultsof DM P dso proved that POP+OM + VW
+ PGPRE + bonemeal in six month old and POP+ OM + VW +
PGPRE + bonemed + GRinthreeyear old plantsrecorded more
DMP. A similar trend was also observed in the case of CGR.
Highest CGR wasrecorded in those plantswhich received POP +
P. indica. This is in accordance with the findings of Dhinesh
(2009) in Dendrobium.

Top ventilated polyhouse in six month old plants (0.115
g2 day?) and two level shade house in three year old plants
recorded maximum CGR (0.125 g m2 day™). Thesefindingsare
inlinewith the reports of Samasya (2000) in Dendrobium.

Thecombination of NPK + GR+ OM + VW + PGPRE +
bone meal and two level shade housein six month old plants
(0.169 g m2dayt), POP+ OM + VW + PGPRE + bone meal +
GR and two level shade house in three year old plants
recorded higher CGR (0.180 g m?2 day?). The treatments
NPK + GR + PGPRE + OM + VW + bone meal and POP +
PGPRE + OM + VW + bone meal + GR under the
environmental condition of two level shade house could
resultedin high CGR.

Relative growth rate :

Among the various treatments, POP + OM + VW +
PGPRE + bonemeal + GR recorded significantly higher RGR
insix month old plants (0.013 g g*day?) (Table1). Since, the
six month plants were in active growth phase, it was
significantly showing the unit increasing DMP. Thismay lead
toincrease in RGR. Theresult in the present study is parallel
with the findings of Dhinesh (2009) in Dendrobium.

Growing systems had no significant effect on RGR in
both stages of plants.

In TxSinteraction, POP+ OM + VW + PGPRE + bone
meal + GR and fan and pad system in six month old plants
(0.019gg*day?), NPK + GR + OM + VW + PGPRE + bone
meal and two level shade house in three year old plants
recorded maximum RGR (0.039 g g* day®). Under fan and
pad system, a uniform environmental condition with high
relative humidity may facilitating the maximum RGR in six
month old plantswhich arein active growth stage, whereasin
three year old plants, NPK + GR + OM + VW + PGPRE +
bone meal combination was performing well under two level
shade house in increasing RGR.

Table3: Influence of plant growth promoters (T), growing systems (S) and T x Sinteraction on diffusive resistance and chlorophyll content in

six month old plants of Dendrobium cv. EARsAKUL

Diffusive resistance (S cm?)

Chlorophyll a

Chlorophyll b Total chlorophyll

Treatments (mg g™ leaf weight) (mg g leaf weight) (mg g™ leaf weight)

S S Ss Mean S S S Mean S S S Mean S S S Mean
T, 11.33 4.47 4.07 662 022 019 017 0.19 028 010 0.09 0.16 050 030 0.26 0.34
T, 13.24 7.04 8.82 9.70 021 025 021 0.22 051 012 0.09 0.24 073 037 0.30 0.47
Ts 5.76 9.86 6.21 7.28 022 022 022 0.22 050 016 0.01 0.22 071 038 0.23 0.44
Ta 8.30 8.36 8.61 842 021 019 018 0.19 075 010 0.04 0.30 09 029 0.22 0.49
Ts 11.12 8.68 1029 10.03 0.08 022 0.15 0.18 049 009 0.07 0.22 057 031 023 041
Ts 16.17 1251 1229 1366 025 018 0.22 0.22 029 009 0.04 0.14 053 027 0.26 0.36
Mean 10.98 8.48 8.38 021 021 0.19 047 010 0.06 068 032 024
C.D. T:231 T:NS T: NS T: NS
(P=0.05) S 1.63 S:NS S:0.11 S:0.11

TxS:4.00 TxS:012 TxS:0.28 Tx80.27

NS = Non-significant
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Net assimilationrate:

Treatments had no significant influence on NAR at both
stages of plant growth. Among systems of growing, top
ventilated polyhouse in six month old plants and two level
shade house in three year old plants recorded higher NAR
(Tables 1 and 2). The combination of NPK + GR + OM +
VW + PGPRE + bone meal had more influence on NAR in
top ventilated polyhouse in six month old plants (0.011 g m2
day) and two level shade housein threeyear old plants (0.028
g m2day?). Theinteraction effect was clearly suggesting the
results of plant growth promoters and systems of growing in
independent cases on NAR.

Number of stomata :

The data recorded on number of stomata are presented
in Tables 1 and 2 indicated that the plant growth promoter
POP + OM + VW + PGPRE + bone meal + GR in six month
old plants and POP + OM + VW + PGPRE + bone meal in
three year old plantsrecoded higher number of stomata (41.14,
39.86). The number of leaves per plant in six month old plants
might be high dueto influence of growth regul ators. Whereas
in three year old plants, the individual leaf area were more.
This could be the result of more number of stomata due to
increasing number of leaves and larger area of the leavesin
six month old and three year old plants. Similar observations
were reported in Dendrobium by Yukawa et al. (1992).

The fan and pad system recorded higher number of
stomatain both the stages of plants (38.34, 38.93). Under fan
and pad system, the uniform environmental conditions were
maintained throughout the growth phase of the plants. This
might be the adaptations for maintaining the physiological
processes of the plants.

Data showed the interaction of POP + PGPRE + bone
meal and top ventilated polyhouse in six month old plants
(44.92), POP + OM + VW + PGPRE + bone meal + GR and
top ventilated polyhouse in three year old plants had more
influence on number of stomata (44.92). Thismight be dueto

the fact that in top ventilated polyhouse, the favourable
environmental conditions would have influenced the number
of stomatain the leaves of both stages of plants.

Rate of photosynthesis:

An examination of the datain the Tables 1 and 2 showed
that the combination of POP + OM + VW + PGPRE + bone
meal in six month old plantsrecorded significantly higher rate
of photosynthesis (6.36 umol CO, m?s™). The positive effect
of POP + OM + VW + PGPRE + bone meal in increasing
DMPand CGR wererecorded in earlier resultswhich indicated
that higher the rate of photosynthesiswould increase the food
reserves which subsequently increased DMP and CGR.

Top ventilated polyhouse in six month old plants and
fan and pad system in three year old plants recorded highest
photosynthetic rate (6.86 pmol CO, m?s*, 5.20 umol CO, mr
2s1). This could be explained by the fact that the six month
old plants were in active growth stage. Under top ventilated
polyhouse system, high temperature (Fig. 1) and high light
intensity (Fig. 3) resulted in higher rate of photosynthesis,
whereas in three year old plants, uniform environmental
conditions of fan and pad system resulted in higher rate of
photosynthesis.

The combination of POP+ OM + VW + PGPRE + bone
meal and top ventilated polyhouse in six month old plants
(9.73 umol CO, m?s*), POP+ OM + VW + PGPRE + bone
meal + GR and fan pad systemin three year old plantsrecorded
maximum rate of photosynthesis (8.72 pmol CO, m?s"). The
interaction results in the six month old plants conformed the
earlier results in independent observations, whereas in three
year old plants, the treatment POP + OM + VW + PGPRE +
bone meal + GR was performed well under fan and pad system
for recording highest photosynthetic rate.

Transpiration rate at night time:
The treatment POP + PGPRE + bone meal in six month
old plants recorded highest rate of transpiration during night

Table4: Influence of plant growth promoters (T), growing systems (S) and T x Sinteraction on diffusive resistance and chlorophyll content in
threeyear old plants of Dendrobium cv. EARSAK UL
Treatments Diffusive resistance (S cm™) Chlorophyll a(mg g'leaf wt.)  Chlorophyll b (mg g*leaf wt.)  Total chlorophyll (mg g*wt.)
S S S Mean S S S Mean S S S Mean S S S Mean
T, 16.00 1703 665 1323 014 029 008 017 018 013 011 014 032 042 019 031
T, 10.72  9.23 8.49 948 012 027 010 016 015 012 013 013 027 039 023 0.30
Ts 21.27 8.10 11.32 1356 009 040 012 0.20 020 020 0.09 0.15 028 060 0.22 0.35
Ta 1260 2280 1490 16,77 015 029 0.08 0.17 017 014 o011 0.14 032 043 019 0.31
Ts 1355 3481 7.16 1851 019 030 0.09 0.18 028 014 014 0.19 047 044 0.22 0.37
Te 6.07 17.83 9.93 1128 011 031 0.09 0.17 025 008 0.10 0.14 036 039 019 0.31
Mean 13.37 18.30 9.74 013 031 0.09 020 013 o011 033 044 0220
C.D. T:5.57 T:NS T:0.05 T:NS
(P=0.05) S:3.94 S: 0.05 S:0.03 S: 0.06
T x S: 9.66 TxS: 011 T x S:0.09 TxS:017

NS=Non-significant
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(Table 1). The P. indica and plant growth promoters accessto
more growth and more water and hence promoted higher rate
of transpiration.

Among systems of growing, top ventilated polyhouse
recorded highest rate of transpiration in six month old plants
(0.32 pmol m2 s?). This could be due to higher temperature,
lower relative humidity (Fig. 1 and 2) would resulted in
gradient in vapour pressure deficit resulting in higher rate of
transpiration. The results in the present study were parallel
with thefindingsof Nagoakaet al. (1984) and Samasya (2000)
in Dendrobium.

In interaction, the combination of POP + OM + VW +
PGPRE + bone meal + GR and top ventilated polyhouse in
six month old plants (0.46 pmol m2s?), POP + OM + VW +
PGPRE + bone meal + GR and fan and pad system in three
year old plantsrecorded highest transpiration rate during night
time (0.29 pumol m?2 s?). This might be due to reason that
positive influences of plant growth promoter’s favours for
better growth of the plants i.e. number of leaves per plant,
leaf area, number of stomata were higher in earlier results.
Higher temperature and lower relative humidity prevailing in
side top ventilated polyhouse favour for higher transpiration
rate in six month old plants.

Transpiration rate at day time :

A perusal of the data from Tables 1 and 2 revealed that
the combination of POP+ OM + VW + PGPRE + bone meal
insix month old plantsand NPK + GR + OM + VW + PGPRE
+ bone meal in three year old plants recorded significantly
higher rate of transpiration during day time. This might be
dueto positiveinfluence of all applied plant growth promoters
favour for luxurious growth of the plants there by resulted in
increased rate of transpiration during day time and i.e. the
indication for healthy growth of the plants.

Among systems of growing, top ventilated polyhousein
six month old plants and two level shade house in three year
old plantsrecorded maximum rate of transpiration during day
time (6.00, 4.90 pmol m?2 s?t). The reasons for highest
transpiration rate under top ventilated polyhouse are higher
temperature, high light intensity and low relative humidity
(Fig. 1, 2 and 3). In high light intensity, the water present in
mesophyll cells diffuses rapidly resulting in increase in
humidity of internal air and this increases the rate of
transpiration (Cho and Kwack, 1996). In three year old plants
also, the environmental conditions prevailing in two level
shade housewould haveinfluenced higher rate of transpiration
during day time.

The combination of NPK + GR and top ventilated
polyhouse in six month old plants (9.19 pmol m2s?), NPK +
GR + OM + VW + PGPRE + bone meal and two level shade
house in three year old plants recorded significantly highest
rate of transpiration during day time (8.73 pmol m2s?).

Diffusiveresistance:

Theinput NPK + GR + OM + VW + PGPRE + bonemeal
insix month old plants (13.66 Scm?) and NPK + GRinthree
year old plants recorded significantly higher diffusive
resistance (18.51 Scm?) (Table 3 and 4). It isevident that the
rate of transpiration during day timewaslow in earlier results
in the treatment NPK + GR + OM + VW + PGPRE + bone
meal in six month old plants(Table 1) and NPK + GRin three
year old plants (Table 2). The rate of transpiration is lower
and the diffusiveresistance was generally higher. Thisismost
likely because of the lower water absorption by the plants.
These results are in conformity with the findings of Stancato
et al. (2002) in Cattleya.

Two level shade house in six month old plants and top
ventilated polyhousein three year old plants recorded higher
diffusive resistance (10.98 S cm?, 18.30 S cm?). The
favourable environmental conditions of the systems which
might have resulted in higher diffusive resistancein two level
shade house and top ventilated polyhouse.

The combination of NPK + GR + OM + VW + PGPRE
+ bonemeal and two level shade housein six month old plants,
NPK + GR and top ventilated polyhouse in three year old
plants had significant influence on diffusive resistance (Table
4). This might be due to the influence of plant growth
promoters and systems of growing influenced diffusive
resistance.

Chlorophyll content :

The effect of treatments on chlorophyll ‘a’ content was
not significant in both stages of plants. Top ventilated
polyhouse had significant influence on chlorophyll ‘a’ content
inthree year old plants (Table 4). The combination of NPK +
GR + OM + VW + PGPRE + bone meal and two level shade
house in six month old plants (0.25 mg g* leaf weight), POP
+OM + VW + PGPRE + bone meal and top ventilated polyhouse
in three year old plants recorded significantly higher
chlorophyll “a’ content (0.40 mg g leaf weight).

Thetreatment NPK + GR recorded significantly higher
chlorophyll ‘b’ content in three year old plants (0.19 mg g**
leaf weight). Among systems of growing, two level shade house
had maximum influence on chlorophyll ‘b’ content irrespective
of the age of the plants (Tables 3 and 4). The combination of
POP +OM + VW + PGPRE + bonemeal + GR (0.75 mg g* | eaf
weight) and NPK + GR responding more influence on
chlorophyll ‘b’ content in two level shade house in both stages
of the plants.

The ratio of chlorophyll ‘a’ to chlorophyll ‘b’ in the
chloroplast isnormally 3:1. It isknown that the chlorophyll a
to bratioishigher in high-light growth conditionsthan in low
- light growth conditions (i.e. more chlorophyll b in shade
plants). Chlorophyll ‘b’ absorbs light at different wavelengths
than chlorophyll ‘a’ and extends the range of light that could
be used for photosynthesis.
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It isinferred that, application of different plant growth
promoters had no significant effect on total chlorophyll
content in both stages of plants (Tables 3 and 4). The
application of plant growth promotersdid not showed variation
ontotal chlorophyll content of leaves. Two level shade house
in six month old plants and top ventilated polyhouse in three
year old plantsrecorded significantly higher total chlorophyll
content. The reason might be explained that due to favourable
weather conditionsin the systems, the growth of the plantsis
luxurious because of the higher total chlorophyll content. The
combination of POP+ OM + VW + PGPRE + bonemea + GR
and two level shade housein six month old plants, POP + OM
+ VW + PGPRE + bone meal and top ventilated polyhousein
three year old plants recorded significantly higher total
chlorophyll content (Table 4). This is explained that, when
thereisahigher total chlorophyll content and naturally higher
the plant growth, higher rate of photosynthesis, more
transpiration occur as per previousresults and hence the result
for higher total chlorophyll content intheleaves. The amount
of chlorophyll present had a direct relationship with the rate
of photosynthesis because it is the pigment which is
photoreceptive and is directly involved in trapping the light
energy. Similar type of observationswas also made by Suthar
(2010).

From the above investigation, it is concluded that plant
growth promoters POP + OM + VW + PGPRE + bone meal +
GRand top ventilated polyhouse (T,S,) had maximum influence
on physiological parameters like leaf area, DMP, CGR and
RGR. The association of P. indica in root system of
Dendraobium cv. EARSAKUL was highly significant and the P.
indica fungus enhances higher root absorption and facilitates
the growth parameters significantly.
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