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INTRODUCTION

Anthurium is an evergreen, tropical herbaceous high value ornamental

" cultivated for its colourful spathe and unusually attractive foliage. Known for its ’
massive effect, ‘eleéanoe and variety of colours, anthurium attract a vast majority of
enﬂ;usiastic growers. It is very much encouraging to leam that the global trade of

anthurium is valued at US $ SO million and it occupies the 11" position in the

International market.

Originating in American tropics, the genus Anthurium, with over 700
species (Sheffer and Croat, 1983) which are distributed world wide, 1s the largest in
the family Araceae. The most popular and economically important species are
Anthurium andreanum and A. scherzerianum, which possess attractive long-lasting
inflorescence. Several other species like A. magnificum, A. digitatum, A.
" crystallinum and A. clarinervium are grown for their magnificient foliage. The

|t

Anthurium derives.its name from Greek legendary - anthos the ﬂower(spa‘&le); oura

the tail(spadix).

The most popular species with floriculturists 1s A. andreanum Lind. due
to its bold effect and lasting qualities of the inflorescence. The plant is erect with
iong, lobed, heart shaped, green leaves. Anthurtum inflorescence is composed of a
modified leaf (spathe) and pencil like protrusion (spadix) borneon leafless stalk or
peduncle (Bhatt and Desai, 1989). The true sessile and bisexual flowers are
arranged on the spadix. Anthuriums are shade loving plants. Open conditions with
adequate shading facility is the best for their growth and development. Temperature
and relatrve humidity also significantly influence the growth, development and post-

harvest behaviour, the optimum being between 18 and 28°C and around 80 per cent,

respectively.



Hawaii, Mauritius, Holland and Germany are the important producers of
anthurium and the major importing countries are USA, Canada, Europe and Japan.
In India, its cultivation is restricted to Southern parts, especially Kerala and parts of
Karmnataka and Tamil Nadu.

Of late, anthurium cultivation has gained much popularity and it has now
become an important export oriented crop. Kerala is identified as one of the best
places for growing anthurium because of the congenial climatic conditions.
However, the management practices bestowed during cultivation and after the
harvest of flowers are not scientific, largely due to the lack of research and
developmental support available. Research work on the standardisation of
agrotechniques in anthurium was initiated in the Department of Pomology and
Floriculture, College of Horticulture, Vellanikkara in 1995. Based on the results
obtained so far, an experiment was designed in cv. ‘Hawaiian Red’, the main

objectives of which were

- '
)

to study the effect of different ratios and concentrations of nutrients and growth
Tegulators by foliar application on the growth, flowering and quality of flowers
including the vase life,

to compare growth, development and flower production in ground and pot planting,

to extend the longevity of flowers after harvest by applying suitable post-harvest

treatments,

to develop a suitable packing technique so as to prolong the senescence of flowers

and
to study the effect of ethylene absorbant (KMnQys) on the post-harvest longevity of

flowers.
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REVIEW OF LITERATURE

Anthurium is an evergreen, tropical, semiterrestrial, herbaceous perennial
cultivated for its colourful spathe and‘ unusually attractive foliage. It requires high
humidity and partial shade for proper growth and development. The size and
number 6f flowers produced are influenced largely by shade and nutrition. Recently,
plant growth regulators are being widely used to increase the production and post- -
harvest life of cut anthurium flowers. Now a days, anthurium cultivation has
become one of the thrust areas in Kerala but, the knowledge about the scientific

cultivation aspects i1s meagre. Literature pertaining to these aspects are reviewed

here.
2.1 Nutrition

Anthurium requires a warm green house with shading from direct
sunshine and a humid condition. The optimum temperature is between 25 and 28°C
during day and 18 and 21°C during night. The relative humidit; .i;wa{lso very
important fsygrowth and devélopment of anthurium, the optimum being around 80
per cent. The morphological c.}:a;a;cters, flower production and quality of flowers are

affected by the intensity of light. The optimum shade requirement is 80 per cent.

Anthurium requires a light, well drained medium rich in organic matter
with good aeration and water holding capacity. They are usually grown in a medium

consisting of sand, cowdung, brick pieces, charcoal and coconut husk, in Kerala.

Anthurium plants respond well to ample supply of nutrients and they

- grow satisfactorily in a wide variety of media, if appropriate practices are followed.



Experiments were conducted to test the effects of N at 0, 300 and 600
Ibs/acre/year, and P and K at O and 300 Ib/acre, on flowering and chemical
composition of leaves of A. andreanum cv. "Nitta’ and "Kaumana’ at the Ridge
Horticultural Laboratory, Florida. Major nutrients such as N, P and K enhanced
flower number, stem length and spathe size in "Nitta’. Only N enhanced flower
number in 'Kaumana’. Raising of N levels increased the tissue N content but
decreased P content. K application increased the K content and lowered the Mg
content. Foliar N, P, K, Ca and Mg levels that produced the maximum flowers were

about 2.00, 0.16, 1.10, 1.50 and 0.75 per cent dry weight respectively (Poole and
Greaves, 1969).

Poole and McConnel (1971) recommended the use of a commonly used
14:14:14 dry fertilizer mixture for anthurium in Florida. Five other fertilizers tried
(Mag Amp, Osmocote, ureaform and 2 formulations of Agriform) were on par with

this mixture and no difference was noticed in the number of flowers produced.

According to Steen and Vijvosberg (1973), neither N nor K had any
significant effect on flower yield in anthurium in Netherlands. The plants were
fertilized v;rith nitrate-of lime and/or potassium sulphate immediatély after planting
and S months later, or else, were left unfertilized, and all the plants grew equa]iy

well.

Valk (1975) from Netherlands reported that when the rates of N
application to A. andreanum increase, flower yield, flower weight and stem length
tend to decline. Insufficient K levels resulted in lower flower yield and flower

weight and a reduction in stem length and flower size. The optimum dose was

found to be 15-20 g N and 22-30 g K,O/m?. -



In container studies with 4. andreanum in Netherlands, N application had
an adverse effect on both flower production and flower quality. The best results
were obtained with the lowest nitrate (126 mg N/12.5 1 container/week). An
increase in K;0 from 19 to 225 mg/container week improved both flower yield and

quality,. but further increase had a negative effect (Bik, 1976).

Higaki (1977) established that Ca content of the tip section of the spathe
was higher than that in the lobe section (average 0.3 and 0.16%, respectively).
Lower Ca levels resulted in the colour break down of the spathe. No symptom of
colour break-down resulted from Ca applications of 40 ppm and above,
corresponding to Ca levels of 0.16 and 0.54 per cent in the lobe and leaf tissues,

respectively.

A. scherzerianum plants having the highest fresh and dry weights, the
largest number of best quality flowers, the largest stems and with no leaf chlorosis
were grown with 4 g CaCOs/] and no B. However, the longest spadix and flower

fresh weight were obtained with 4 g CaCO; and 2.0 mg B/l (Penningsfeld, 1977).

L s,

”

The beneficial effect of N on the quality of potted A. scherzerianum was
discussed by Bik and Straver (T§78). The best results were obtained with a medium
dose of 21.6 mg N/pot/week m Holland. The dose of 22.5 mg K,O/pot/week gave
better quality plants than 1.9 mg. Insufficient levels of N and K were associated
with lower flower yield, reduced stem length and smaller flowers. Deficiency

symptoms like leaf necrosis and dead root tips were associated with K deficiency.

In an experiment with 5 levels of N and 3 of K in the Netherlands, the
best results were obtained with an annual dressing of 20 g N + 30 g KOy/m?. At



optimum nutrition levels, mature leaves contained 2 per cent N and 3 per cent K

(Boertje, 1978).

Higaki and Poole (1978) tried with three fertilizer levels, viz,
N:P,0s:K;0 at 448:196:376 kg/ha/year and double and triple that rate in A.
andreanum cv. “Ozaki’ in Hawaii. The low fertilizer rate gave as good or better
results in flower production as the higher rates. The double rate produced slightly
larger flower stem and larger flowers than the low or triple rate. F lower production

decreased with age of the plant, but both stem length and flower size increased.

"Colour breakdown of spathe tissue of anthurium showed typical Ca
deficiency symptom. Calcium application significantly reduced the disorder (Higaki
et al., 1980). "

* In A. andreanum, annual fertilizer levels of N, P,Os and K,O at 100, 200
and 400 Ib/ha were tried. Flower production and flower size increased linearly with

increasing fertilizer rate, but ﬂbwer stem length was not affected by fertilizer rates
‘(Higaki and Imamura, 1985). e,

*

A complex fertilizer (16:16:16) was recommended by Singh (1987) for 4.
anq‘feanum, 50 as 0 supply 341 kg each of N, P,Os and KyO/halyear. Henny et a!.
(1988) reported that N level affected the number of shoots, number of spathes and
plant quality grade, the best results being produced with 1500 lbs N/acre.

. A. andreanum cv. "Lady Jane’ was grown with a weekly application of
20:20:20 NPK fertilizer at 200, 400, 600 and 800 mg/litre, and the plant growth was
best at the lower two fertilizer levels. Higher levels were found to be detrimental
(Henny and Fooshee, 1988).



According to Poole ef al. (1990), fertilizer requirement of anthurium in
Florida depends up on light intensity, irrigation and medium. Excess fertilizer
should be avoided to help prevent babteriaiblight (Xanthomonas campesiris pv.

diffenbachiae). Temperature will influence growth and flowering which must also

be considered.

The nutrient solution used for A. andreanum was added to the irtigation
water so that the EC values ranged from 0.6 to 3.0 ds/m (25°C). The EC of the
drainage water ranged from 0.8 to 4.7 ds/m. Flower production and vegetative
growth decreased linearly with increasing nutrient concentrations. A nutrient

solution with EC of 0.7 ds/m is found to be optimal (Sonneveld and Voogt, 1993).

Higaki ef al. (1992) and Holly ef al. (1994) reported that the maximum
flower yield in anthurium was obtained when leaf tissue level was 1.87 per cent for
N; 0.17 per cent for P and 2.07 per cent for K. Stem length and flower size were
maximum with leaf N at 1.59 per cent and K at 1.67 per cent. However, no

relationship was observed between the P content in leaves and flower size or stem

length.

The effect of ﬁ‘equenéies and rates of application of foliar fertilizer on
growth and flowering of anthurium cv. "Kaumana® was discussed by Nikado
(1994). He observed no significant differences among the treatments. First bloom
appeared 8 months after planting. Small flowers were produced during the first few

months which later increased in size as the plant matured.

The effect of applying four different complete fertilizers on cut flower
production in 4. andreanum was reported from Germany (Dufour er al., 1997).

There were no significant differences in yield or quality between the treatments. It



was. concluded that the fertilizer containing the lowest dose of N (3 meg/l) was

adequate for cut flower production.

Studies at the Kerala. Agricultural University (Salvi, 1997) revealed that
17:17:17 fertilizer complex @ 1 per cent at weekly interval produced the maximum
plant height and other biometrical characters in A. andreanum cv. 'Hawaiian Red’.
The leaf nutrient content varied from 0.49 to 2.29 per cent for N, 0.19 to 0.36 per
cent for P and 1.40 to 2.44 per cent for K. Nutrient uptake was influenced by shade
and growth regulators. Eighty per cent shade recorded maximum uptake for N and
K, and it reduced as the shade intensify declined, whereas P was unaffected. Plants
applied with BA 1500 ppm recorded the maximum uptake (0.53%) for N, BA 750
ppm recorded the maximum uptake (0.56%) for K while uptake ot P was unaffected

by the treatments.

Nitrogen, potassium and calcium are the important elements required in
anthurium nutrition. It is better to apply the fertilizers in sﬁlaller doses at frequent
intervals than larger doses at longer intervals. A combination of organic manures
such as farmyard manure with 2 g of 17:17:17:2 NPK and Mg per plant, once or
twice a month 1s found to be highly beneficial. Foliar sprays of 0.5-170"péf-cent of
17:17:17 complex could also be given to the plants, at biweelgly intervals. It is
beneficial to decrease the level 6f N when the plant switches over from vegetative to
flowering phase. An overdose of fertilizer, applied shortly before the harvest of
spikes, 1s surely going to inhibit the vase life of flowers. Using fine chemicals as

fertilizers can result in more flower yield with better quality (Rajeevan and

Valsalakumari, 1998).



2.2 " Growth regulators

Plant growth regulators play a vital role in the cultivation of any crop
especially that of omamentals. Recently, growth regulators are being increasingly

used in omamentals for enhancing the growth, suckering, flower productidn and

quality and for manipulating the post harvest behaviour of cutflowers positively.

" Nakasone and Kamemoto (1962) reported that light intensity and GAs

concentration are important factors in regulating flower production in anthurium,

Higaki and Rasmussen (1979) used various growth regulators to increase
shoot development on mature anthurium plants. Foliar treatment with BAP 1000 mg
I'! induced more shoot formation than Ethephon or PBA at 100, 500, 1000 or 1500

mg I"'. Increased side shoot production was observed in mature plants treated with

GA; concentrations of 250 to 1000 mg I'.

- Juvenile 4. andreanum plants were treated by topping and/or with foliar |
sprays of GA; or BA. With increasing concentrations (0-500 ppm) of GAs3, topped
plants produced more lateral shoots than did intact sprayed plants. With increasing
concentrations (0-1000 ppm) of BA, the 'number of lateral shoots incgggswgg in both

topped and intact plants (but was lower than with GA treatments). Topping alone
also increased the number of lateral shoots (Imamura and Higaki, 1988).

According to Henny (1989), flowering could be induced in aroids with a
single foliar application of 250 mg 1" gibberellic acid. Following GAj treatment,
different species with-in a genus flowered simultaneously and produced significantly

more inflorescences.



Henny and Hamilton (1992) reported that GA3 was applied at 0, 125, 250,
375 or 500 mg ai/l as a foliar spray to the potted plants of 4. andreanum cv.
‘Amazone’ and ‘Renate’. GA; application resulted in a-small but significant
increase in flower production/plant but there were no differences between
' treatments. The response of cv. 'Renate’ was similar to that obtained with
‘Amazone’ at low light intensity but at higher light intensities, there was a greater

increase in flower production and the response increased with GAs concentration,

: th'e optimum being 375-500 ppm.

Gibberellic acid and Benzyladenine at 250, 500, 750 and 1000 ppm
were tried on intact and topped anthurium plants to induce lateral branching. It was
observed that topping alone increased the number and size of lateral shoots. Effect
of BA was evident from fifth month after spray where as GA3 effect was expressed
bnly after eight months. GA; 750 ppm produced maximum (4.67) laterals in topped
plants where as BA 250 ppm was more effective on intact plants (Anu, 1997).

Application of GA, BA and Ethephon at 750 and 1500 ppm was tried in
A. andreanum cv. Hawaiian Red’. BA 750 ppin at monthly interval produced more
plant height, leaf length, breadth and petiole length. GA 750 ppm produced more
branching than BA and Ethephon (Salvi, 1997).

 The effect of BA and GA at 500, 1000 and 1500 ppm, each, on growth,
flowering and quality of flowers of anthurium cv. ‘Agnihotri’ was examined by
Valsalakumari ef al. (1998). GA 1000 ppm resulted in the maximum size of spathe,
length of stalk and number of inflorescences produced per year. The lopgevity of the

inflorescence was maximum with 1500 GA which was on par with 1000 ppm GA.



23 Post harvest handling

Anthurium flowers are to be harvested at the correct stage of maturity for
maximum longevity of cutflowers. Stage of harvest, pre harvest and post harvest
factors and post harvest handling are the factors which determine the life of
cutflowers. Various preservatives and growth regulators are increasingly used in

anthurium to extend their vase life by means of pulsing and holding.

According to Paull e7 a/. (1992) mean maximum temperature during the
two months before harvest and duration of post harvest life were positively related
and explained 53 per cent of the total varniation. High N rate reduced post harvest
life but this was alleviated by high K; while P had no effect. N and K rates
explainéd approximately 13 per cent and 17 per cent of the variation, respectively.

Pre harvest factors explained 63.71 per cent of the variation in the post harvest life.

23.1 Stage of harvest

- The flowers are harvested after the unfolding of the spathe is complete.
Development of true flowers on the spadix’is also used as a criterion for harvesting
the flower. According to Kamemoto (1962), flowers are cut at the leaf axil when
one-third to three-quarters of the true flowers along the spadix are open.

Flowers are harvested in the morning with long stalks. Most anthurium

blooms are harvested at about three-quarters maturity because at this time it is

VLR s

‘believed that they have the longest shelf-life as cutflowers (Antoine, 1994).
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Salvi (1997) suggested that in inflorescence having 1/3rd flowers opened
on spadix, the spathe blueing and gloss loss were late (20.0 and 22.3 days,
respectively) and it also had the longest vase life (23.33 days).

Singh (1998) has specified that anthurium flowers are harvested when
three-quarters of the stigma along the spadix has become receptive.

According to Prasad ef al. (1998), anthurium flowers are harvested when
the spathe completely unfurls and the spadix is well developed. When one-third of
the true flowers on the spadix mature, a change of colour can be observed that

moves from base to tip of spadix and at that stage, the flowers are harvested.

232 Pulsing

Short duration pulsing of cut flowers with different chemicals
significantly improved the keeping quality of anthurium. According to Shirakawa er
al. (1964), pulsing of anthurium flowers with N-6-benzyladenine (N-6-BA)

provided about 19 per cent improvement in vase life.

A post harvest dip in 10 ppm N-6-BA was suggested for anthuriums
destined for air freight and shipment as a result of improved keeping quality
following exposure to shipping temperatures of 9 and 15°C (Shirakawa e? al,
1964). .

Short (10-60 mts) pre treatments of stems of anthurium flowers with 1-10
mM AgNO; increased vase life by 40-60 per cent after a simulated shipging.for 3

days. After this, it was necessary to remove 2 cm of stem before placing the flowers



in water or preservatives. Maximum post harvest life was obtained with 4 mM

AgNO; for 20 minutes within 12 hours of harvest (Paull and Goo, 1982).

Paull and Goo (1985) reported that the rate of water uptake by cut A.
andreanum (cv. “Ozaki Red’) flowers declined to 20 per cent of the harvest rate in
10 days. The spadix was the site of 50-60 per cent of water loss while 20-40 per
cent occurred via the spathe and 10-20 per cent via the stem. Pulsing with 4 mM
AgNO; for 40 mts increased the vase life. Various biocides had little effect on vase
life, suggesting that wound-ethylene induced stem clogging, and not microbial

clogging of vascular tissue, was probably the major factor inducing water stress and

senescence, thus limiting post harvest life.

The rate of increase in respiration rate of silver treated flowers was just
half of that in the controls. Senescence was probably caused by water stress due to
stem plugging of an undetermined nature. Silver pulsing of the stem reduced the

amount of plugging and reduced the rate of change of all senescence processes

observed (Paull eral., 1985).

According to Paull (1987), the optimum storage temperature for A.-
andreanum was between 14 and 17°C. Silver nitrate pulse (4 mM for 40 mts), given
immediately after harvest, increased the post harvest life of stored flowers, but had

no effect on flowers that were placed immediately in the vase.

Pulse treatment with BA 50 ppm for 12 hrs resulted in delayed initiation
of spathe blueing and spadix necrosis (after 19.0 and 19.0 days, respectively). This
treatment also recorded the maximum retention (upto 18.00 days) of spathe gloss

- .
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and maximum total vase life (20.0 days) compared to other treatments (Salvi, 1997).
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Studies were conducted at the Kerala Agricultural University

(Valsalakumari ef al., 1998) to extend the vase life of three commercial varieties of
| anthurium, viz.,, Lima White, Eureka Red and Sweetheart by giving pulsing
treatment for 8 hours to harvested flowers with triadimefon, BA and 8 HQ, each at
concentration of 25, 50 aﬁd 100 ppm. Pulse treatment with triadimefon 25 ppm was
significantly superior to all the other treatments. Eureka Red recorded the maximum

total vase life of 23 days compared to 21 days in Lima White and 18 days in
Sweetheart.

-

233 Holding solutions

Various holding solutions - preservatives and growth regulators - are used
for the long term storage of anthurium cut flowers. The long term holding of cut

flowers to extend their vase life was studied by Fischer (1952).

Various commercial preservatives and beverages (Sodium benzoate,
- benzoic acid, sodium hypochlorite, HCI, 7-up etc.) were used to prolong the shelf
life of anthurium flowers. They improved the postharvest life by 1.9 to 2.7 times

over controls when the flowers were held continuously in the solution (Akamine and
Goo, 1975).

Continuous exposure to cytokinins in the holding water increased post
harvest life of anthurium cutflowers by 2.0 to 2.5 times (Paull and Goo, 1985).

Increase in the vase life of anthurium flowers with floral preservatives and

carbohydrate soft-drinks was reported by Surang (1988).



Post harvest handling of bold tropical cutflowers like Anthurium, Alpinia
purpureata etc. was discussed by Criley and Paull (1993).

Ravindran and Shylaja (1995) have suggested various post harvest

treatments and holding solutions to increase the longevity of cutflowers in

anthurium.

The effect of different holding solutions on the vase life of anthurium cv.
‘Hawatan Red’ was examined at the Kerala Agricultural University (Salvi, 1997).
Among them, 8-HQ at 30 ppm resulted in delayed spathe blueing and spadix
necrosis-(after 26.0 and 21.0 days, respectively) and maximum vase life (27.0 days).
Retention of gloss was maximum (upto 23.3 days) with' BA 20 ppm as holding

solution.

The effect of holding solutions containing AgNO;, BA, CCC
(chlormequat) and sucrose on the post harvest life of anthurium cv. *Agnihotri’ was
studied with respect to the physiological loss in weight, water uptake, electrolyte
leakage and total vase life at the Kerala Agricultural University. BA at 25 ppm
produced the longest vase life of 22 days. AgNO; or sucrose had no effect on vase
life. Water -uptake-and electrolyte leakage were directly correlated with vase life
(Salvi et al., 1997).

23.5 Other treatments

Apart from pulsing and holding treatments a few other methods are also
employed to extend the post harvest longevity of the anthurium flowers.



Enclosing the anthurium inflorescence in a polythene film maintamed

turgidity and improved longevity (Shirakawa ef al., 1964).

According to Watson and Shirakawa (1967), coating the spadix of

anthurium with paraffin reduced water loss and extended vase life.

Low oxygen (2%) storage enhanced post harvest life of immature

anthurium flowes at air temperatures of 24 to 25°C, but provided only a slight

benefit at 13°C (Akamme and Goo, 1981).

The effectiveness of eight products used to coat the flowers of anthurium
was discussed by Panll (1983). FMC-819 and Carnauba-based wase wax most

effective, increasing the vase life from 18 days in untreated control to 36, and

_ imparting a high gloss.

Waxing the flowers of anthurium cv. Ozaki Red with camauba .wax

reduced water loss and increased vase life from 17.9 days' in control to 35.9 days

(Paull and Goo, 1985).

S-térage'of ;nthuﬁmn flowers at 28°C resulted in a transpiration rate to
uptake rate of 61 for the first 10 days, while at 18°C, a good balance between
transpiration and uptake (ratio of approximate 1.0) was maintained for 20 days. All
the compoﬁent-sm(.)'fv;water balance (uptake, loss and accumulation) declined rapidly
for the first 5 days, after which the decline was slower. Flowers stored at 8°C were

unmarketable after 10 days due to chilling injury (Sankat ez al., 1994).

236 Packing

Anthurium flowers are packed in cardboard cartons of various sizes. The
cartons are lined with polythenée sheets and layers of newspapers. Flowers are

packed with their spathe face down and their stems interwoven and moistened



shredded news paper inserted to provide a cushion and maintain humidity

(Akamine, 1976).

Some methods involve the use of water filled orchid tubes as a well with
each fastened to a backing to prevent shifting during handling. The inflorescence
may also be covered with. a waxed tissue or polythene envelope to reduce

mechanical damage due to the spadix oppressing the spathe (Akamine, 1976).

According to Bhattacharjee (1977), the cut ends of each flower stem
should be wrapped with cotton pad soaked with water and covered with wax paper
and securely tied or the stem ends are fitted in plastic vial containing water or the

spadix is dipped in melted paraffin to reduce moisture loss and first packed in
- polythene bags and thereafter placed in cartons.

Flowers are sometimes packed in moist boxes placing the soft protective
material between the spathe and spadix. Flowers are mostly presented individually.
They are sometimes fixed to the bottom of the box with tape or separation papers
between the layers. Care should be taken that the flowers are protected against
physical injury. To maintain high humidity, polythene lining is provided in the box
(Bhattacharjee, 1977).

According to Prasad et al. (1998), anthurium flowers are packed in
corrugated boxe; 11-ned w1th polythene sheets and cushioned with lot of newsprint
shreddings. The flowers remain fresh if the newsprint shreddings are moist. Before
placing the flowers in the box, they are covered individually with polythene sleeves
to prevent any damage to the spathe and spadix.

- .
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MATERIALS AND METHODS

Investigations on flowering and post harvest behaviour of anthurium cv.
"Hawaiian Red’ were carried out at the Department of Pomology and Floriculture,
College of Horticulture, Vellanikkara, Thrissur during 1996-98. Experiments were
conducted to find out the optimum amount of nutrients and growth regulators to
enhance growth, flowering and quality of flowers. Two methods of planting, viz.,
ground planting and pot planting were also tried. Post harvest studies included the
" use of pulsing, plugging, waxing and their combinations to extend the vase life of
cut flowers. BA, Triadimefon and Bavistin were used for pulsing and plugging.
Waxing was done with paraffin on the spathe and spadix. Packaging studies were
- also conducted with an aim of standardising the best packing method and to study
the effect of ethylene absorbant on the longevity of cut flowers in storage. The
details regarding the experiments conducted, methods used for the analysis of data
and an account of general management practices adopted are presented in this

chapter.
3.1 Planting material

The variety used was 'Hawaiian Red’ of Anthurium andreanum Lind.
which is a popular hybnd having good demand in the international market. One

year-old plants were used for the study.
3.2 Medium

A medium consisting of sand, well rotten cowdung, coconut husk,
* charcoal, earthern crocks and brick pieces (2:1:2:0.5:0,_5:1 ratio) was used for
growing the plants.

e



3.3 . Shade

The experiment was conducted under 80 per cent shade whiqh was found

" to be the best for growing anthurium under Kerala conditions (Salvi, 1997).

3.4 Methods of planting
34.1 Pot planting

Pots of 22.5 cm size with holes at the bottom were used for planting. A
crock piece was placed on the hole of the pot at the bottom; above which 5.0 cm
layer of coarse sand was spread followed by 2.5 cm layer of sand plus cowdung
mixture. Pieces of bricks and charcoal were arranged over this in such a way that
the plant, along with the root ball could be placed easily. Sides of the root ball were
covéred with pieces of coconut husk and a filler mixture of sand and cowdung was
spread above it. Plants were placed firmly over the medium. The top 7.5 cm portion

of the pot was left vacant to facilitate easy watering and manuring.

342 Ground planting

The field was levelled first with a slope towards one side for easy
subsurface drainage. A 5.0 cm layer of brick pieces was uniformly spread on the
ground over which a 2.5 cm layer of coarse sand was spread. The medium .v'vas then
spread over the sand and the plants taken from the pots were firmly placed on the
medium along v_v1t[1 the root balls at a spacing of 35 em x 35 cm. The medium was

applied along the sides of the plants and the plants were then tied to plastic ropes
running from one end to the other of the field, for better support.

3.5 General management

The plants were watered twice a day with the help of overhead sprinklers.
Need based application of plant protection chemicals was done. Incidence of cut
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Plate 1. Eighty per cent shade net v\?ere the study was conducted

et g

Plate 2. A general view of the field after planting
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worms, leaf caterpillars and rarely slugs and snails were noticed, for which sprays of
Neemazan (2-3 ml/]) or Ekalux (3 ml/l) were very effective. Indofil M-45 (2-3 g/1)
or contaf (1-2 ml/l) were very effective against leaf blight and rot. Occasionally
drenching with Indofil M-45(0.2%) was done against rotting. Fresh medium was

applied once a month or as and when the existing medium was exhausted.

3.6 Design of the experiment

For field experiments, a randomised complete block design with three
replications was laid out. There were 18 different treatments for nutrients and 6 for
growth regulators along with a control. Each replication had 3 plants each. A
separate study was conducted in the laboratory to analyse the vase life of cut flowers

~and to extend it by means of pulsing, plugging, waxing and their combinations.

Packing studies were also carried out in the laboratory.

3.7 Lay out of the experiment
3.7.1 Pre harvest studies
3.7.1.1 Nutrients -3 x5+ 3 levels

N;CiW - 20:20:20 complex @ 0.25% at weekly interval
N,C.W; - 20:20:20 complex @ 0.50% at weekly interval
N,C,W; - 20:20:20 complex @ 0.50% at biweekly interval
- NiG3W, - 20:20:20 complex @ 1.00% at weekiy interval
N;C3W; - 20:20:20 complex @ 1.00% at biweekly interval
N2C, W - 20:20:40 complex @ 0.25% at weekly interval
N2C, W) - 20:20:40 complex @ 0.50% at weekly interval
NzC;W; - 20:20:40 complex @ 0.50% at biweekly interval.
N2C3W - 20:20:40 complex @ 1.00% at weekly interval
N2C3W> - 20:20:40 complex @ 1.00% at biweekly interval

- 0y
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N;Ci1W; - 20:40:40 complex @ 0.25% at weekly interval
N;C,W, - 20:40:40 complex @ 0.50% at weekly interval
N;C,W; - 20:40:40 complex @ 0.50% at biweekly interval
N3;C3W, - 20:40:40 complex @ 1.00% at weekly interval
N3C3W; - 20:40:40 complex @ 1.00% at biweekly interval
NoCaM - Ca @ 0.50% at monthly interval + control

NoMgM - Mg @ 0.50% at monthly interval + control

NoVit.M - Vit.B;; @ 100 ppm at monthly interval + control

No - Control (17:17:17 complex @ 1.0% at weekly interval)

3.7.12  Growth regulators - 2 x 3 levels

G1C2M - BA 500 ppm

G:CsM - BA 1000 ppm

G2C2M - GA 500 ppm

G,C3M - GA 1000 ppm
(G1+G2)CiM - (BA + GA) 250 ppm
(G1+G2)C2M - (BA + GA) 500 ppm

The growth regulators' were given as whole plant spray at month
intervals.

372 Post harvest studies

The post harvest longevity of cut anthurium flowers were studied in t
laboratory and different treatments like pulsing, plugging, waxing etc. we
employed to extend the vase life. Studies were also conducted to standardise t

packing method and to study the effect of ethylene absorbant (KMnQ,) on the ve

life in storage.



For this, uniform sized anthurium flowers were harvested when one third
of true flowers on the spadix have opened out, which is believed to be the correct
stage of harvest for maximum post harvest longevity (Salvi, 1997). The flowers
were harvested in the moming, the cut ends were kept immersed in water and
immediately brought to the laboratory. A fine slanting cut was given at the base of
the stalk to facilitate easy absorption of solutions.

The details of treatments are given below.
3.7.2.1 Pulsing treatments

P, - Bavistin 0.1% for 8 hrs

P2 - Bavistin 0.2% for 8 hrs

P; - Tnadimefon 10 ppm for 8 hrs
P4 - Triadimefon 20 ppm for 8 hrs
Ps - Tdédin;efon 25 ppm for 8 hrs
P¢ - Triadimefon 30 ppm for 8 hrs
P7 - Trnadimefon 50 ppm for 8 hrs
Ps - BA 25 ppm for 8 hrs

Py - BA 50 ppm for 8 hrs

Pio - BA 100 ppm for 8 hrs

Py; - BA 150 ppm for 8 hrs

P12 - BA 200 ppm for 8 hrs

P;3 - BA 250 ppm for 8 hrs

P14 - BA 300 ppm for 8 hrs

P,s - control (no puise treatment) S

After pulsing, the flowers were transferred to tap water (200 m]) for

further observations.



3.7.2.2 Plugging treatments

The flowers, immediately after harvest were brought to the laboratory and
their cut ends were plugged with cotton moistened with different chemicals as
explained below.

P, - Bavistin 0.1%

P, - Bavistin 0.2%

P; - Tnadimefon 10 ppm

P, - Tnadimefon 20 ppm

Ps - Triadimefon 30 ppm

Ps- BA 25 ppm

P7 - BA 50 ppm

Ps - BA 100 ppm

P - BA 25 ppm + Bavistin 0.1%

P10 - BA 50 ppm + Bavistin 0.1%

P)r - BA 100 ppm + Bavistin 0.1%

P12 - control (plugging with tap water)

Py; -Distilled water con&d]

3.7.23 Waxing

The following treatments were mcluded.
W, - Waxing of cut end alone

W - Waxing of spadix alone

W3 - Waxing of spathe and spadix

W - Waxing of spathe, spadix and cut end
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3.7.2.4 . Packing studies

Flowers after harvest were taken to the laboratory and their cut ends were
plugged with cotton moistened with distilled water and then packed in corrugated
cardboard boxes. The effect of ethylene absorbant (KM,04) on the storage life of
flowers was also studied. Different methods of packing tried included,

P, - Inserting individual flowers in polythene sleeves
P; - Inserting individual flowers in polythene covers
P; - Packing the flowers in cardboard boxes with paper strips

These methods were tried with and without ethylene absorbant. For this,
ethylene absorbant (KM,04) was taken (5 g) in a muslin cloth tied with a knot and
kept in the boxes meant for packing.

3.7.25 Combinations of different treatments in packing

The best treatments among pulsing, plugging and waxing were selected

and their different combinations were tried in packing studies as explained below.

C, pulsing BA 150 ppm + plugging BA 50 ppm + packing in polythene covers

C; pulsing BA 150 ppm + waxing of spathe and spadix + packing in polythene
covers

Cs plugging BA 50 ppm + waxing of spathe and spadix + packing in polythene
covers

Cs plugging BA 50 ppm + pulsing BA 150 ppm + waxing of spathe and spadix +
packing in polythene covers .

Cs pulsing BA 150 ppm + waxing of spathe and spadix + BA 50 pphri-vials +
packing in polytl;ene COVers ‘

C¢ Control (plugging with tap water alone)



These studies were cammed out with and without ethylene absorbant

(KMqOs).

The flowers used for vase life studies were kept in 200 ml of tap water
after the treatments and each experiment was replicated thrice. Different parameters
regarding the vase life was recorded during the experimental period as per the vase

life evaluation criteria suggested by Paull (1982).

3.8 - Observations

The following were the observations recorded during the course of the

experiment.

3.8.1 Pre harvest studies
3.8.1.1 Plant characters

The following characters of plants under each treatment were recorded.

3.8.1.1.1 Plant height

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

at monthly intervals and recorded in centimetres.

3.8.1.1.2 Plant spread

The spread of the plant in E-W and N-S directions were measured in

T, e e °

centimetres.



3.8.1.1.3 Leaf number

- The total number of leaves present on the plant at the time of each

" observation was counted and recorded.

" 3.8.1.1.4 Length, Breadth and Area of Leaves

The length of the leaf from the basal lobe to the tip and width, at the
centre of the leaf was measured in centimetres. The area of the leaf (square

centimetres) was computed using the equation (Salvi ef al.,1995).

Leaf Area = 0.72 (Leaf Length x Leaf Breadth).

3.8.1.1.5 Number of lateral shoots

‘The number of lateral shoots (suckers) with independant root systems

arising from the base of the plant was recorded.
3.8.1.1.6 Interval of leaf production

Time taken (days) for the emergence of successive leaves was counted

and recorded.

3.8.1.2 Inflorescence characters
3.8.1.2.1 Days to flower

Number of days taken for the first flower bud to appear after planting was

noted and recorded.



3.8.1.2.2 Interval of flower production

Time taken (days) for the emergence of successive inflorescences was

counted and recorded.

3.8.1.2.3 Number of flowers per plant

The total number of spikes produced per plant during the study period

was recorded.

3.8.1.2.4 Length of flower stalk

The length of flower stalk from the point of emergence to the point of
attachment with the spathe was measured and recorded in centimetres.

3.8.1.2.5 Flower size

‘The length of the spathe from the point of attachment of the peduncle, to
the tip and width, at the centre of the spathe were measured and recorded in
centimetres. Length of the spadix from the point of attachment with the spathe to
the tip was also measured and recorded in centimetres.
3.8.1.3 Chemical Analysis
3.8.1.3.1 Chlorophyll content of leaves

- Chlorophyll content (a, b and total) of leaves from each of the treatments
was estimated using a Spectronic-20 as per the standard procedure proposed by
_Stames and Hadley (1965). Fully matured second terminal green leaf was used for
the analysis. One gram of the representative sample from each treatmres:t-was taken



and samples were prepared using the standard procedure. The optical density of an
aliquat was measured at wavelengths of 654 nm and 663 nm. The contents of
chlorophyll “a’, 'b” and total (mg g fresh weight) were then estimated using the

following relationships.

Chlorophyll a =12.72 A 663 -2.58 A 645
Chlorophyll b =22.87 A 645 - 4.67 A 663
Total chlorophyll (a + b) =8.05 A 663 +20.29 A 645

3.8.1.3.2 Anthocyanin content of flowers

Anthocyanin content of flowers was estimated by colorimetric method, as

described by Sweon and Hills (1959).

Well matured anthurium -spathes were used for the anthocyanin
estimation. Samples were collected from each treatment and crushed in mortar with
ethanol and filtered through Whatman No.] filter paper. One millilitre of the alcohol
ext'ract was pipetted out into a test tube and 3 ml of HCI in aqueous methanol, was
" added to it. One ml of peroxide reagent was added 'to the samples and 1 ml of
methanolic HCL to the blank tubes. After 15 minutes in the dark, the OD (A) of the
solutions was measured using Spectronic-20 at 525 nm against the blank. The
anthocyanin present in the samples was calculated from a standard curve prepared
with cyanin HCI or expressed the results as A 525- cyanin HCI 10 pg/ml in
methanolic HCI given OD 0f 0.405 in a 1.0 cm cell at 525 nm.

3.8.1.3.3 Nutrient content of leaves

Representative samples were taken from each treatment at the final stage
of the experiment and they were dried well in an oven. After proper drying, the

- .
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leaves were ground in a grinder. One gram of the powdered sample was used for the

analysis.

Determination of nitrogen was done by microkjeldhal method;
phosphorus by colorimetry (Vanadomolybdo-phosphoric yellow colour method) and

potassium by flame photometer.

382 Post harvest studies
3821 Vaselife

Number of days taken for a fresh inflorescence to show the signs of
wilting is taken as the vase life of that flower. The important changes which mark
~ the end of vase life include spathe blueing, spadix necrosis, gloss loss and finally the

total death/collapse of the flower. Number of days taken for these symptoms to

appear was recorded and noted.

3.8.2.2 Physiological loss in weight

For this, the imittal and final weights of inflorescences were noted at the
beginning and.at the end of the experiment, respectively, and by working out the
difference between thqm the PLW is arrived at.

3.8.2.3 . Water uptake

The quantity of vase solution uptaken by the inflorescence was found out

by measuring the initial and final volumes of the solution and getting the difference

between them. v
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3824 pH

The pH values of the solution were read on a pH meter in the beginning
and at the end of the experiment and the change of pH was found out by working

out the difference between these values.

3825 EC

The EC reading of the vase solutions was noted at the initial and final
stages of the experiment in ms/g/cm using an electrical conductivity meter and the

difference between the two values was noted as electrolyte leakage.
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RESULTS

4.1 Effect of nutrients on plant characters

41.1  Plant height

The effect of nutrients on plant height, in ground planting, taken at

monthly interval is given in Table 1.

Statistical analysis of the data revealed that,‘in ground planting, the gﬂ'ect
of nutrients on plant height was significant only in the 6th and 8th months. In both
the months, the treatment consisting of 20:20:20 fertilizer complex, 1.0 per cent at
weekly interval (N1C3W1) recorded the maximum h;eight (7.68 cm and 9.29 cm,
Tespectively). This treatment was on par with the higher concentrations of P and K
(20:20:40 and 20:40:40) and intervals of application (weekly and biweekly). Control
(No)recorded the minimum height in both the months (6.64 ¢cm and 7.41 cm,
respectively) and it was on par with the lower concentrations (0.25 per cent) of all
the nutrients. Application of Ca and Vit. Bz along with control produced better
results and they were on par with the best treatments, but the application of Mg

made.litﬂe effect on plant height over control.

Data presented in Table 2 gives the effect of nutrients on plant height in
pot planting. Here also there was significant difference in plant height among
treatments in Sth, 6th, 7th and 8th months. In the 5th and 6th months, the
application of 20:20:20 fertilizer complex, 1.0 per cent at biweekly interval
(N1CsW3) recorded the highest value for plant height (7.31cm and 7.74 cm,
respectively) and it was on par with the higher ratios at 0.5 per cent and 1.0 per cent
of other nutrients (20:20:40 and 20:40:40). In the ';th and 8th months, biweekly

application of 20:40:40 complex 1.0 per cent (N3C3W) resulted in the highest
value for plant height (8.24 cm and 8.73 cm, respectively) and it was on par with the

same treatments as in the case of previous months.



Table 1. Effect of nutrients on plant height (cm) of 4. andreanum cv. ‘Hawatian
Red’ in ground planting

SI.No.. Treatment Month
1 2 3 4 5 6 7 8
1 No 444 479 514 581 622 6.64 6.93 741
2 NiCiwW,; 450 498 543 581 623 6.88 726 17.81
3 NiGW, 483 544 595 648 698 759 8.40 9.08
4 N;GW; 438 494 549 624 699 754 8 13 838l
5  NiCGW, 449 513 584 653 716 768 7.60 9.29
6 N;C3W, 437 490 566 608 677 725 797 852
7 NCiW 460 5.13 558 618 671 738 7.87 8.31
8 N CoW, 455 504 569 631 691 7257 <7485 7,98
9  N,CoWp” 443 491 540 593 651 683 728 7.67
10 NC3W, 4.47 5.00 5.53 6.11 6.62 7.05 7.40 795
11 NC3W, 458 5723 580 616 677 726 7.89 8.28
12 N3C\W, 430 479 530 565 608 669 725 7.76
13 N3CW, 445 485 557 617 69 7152 8.04 8.43
14 N3CW; 430 485 531 584 622 688 743 7.75
15  N3C3W,; 455 503 560 633 695 748 794 8.33
16 N3C3W; 438 498 562 603 669 726 801 843
17  NoCaM 428 485 529 597 655 708 75I 7.91
18 NoMgM 440 488 544 583 627 672 T 15 741
19 NpVitM 445 496 555 593 645 138 7.80 8.22
CD(0.05) NS NS NS NS NS 0.635 NS 0.571

NS - Non significant



Table 2. Effect of nutrients on plant height (cm) of A, andreanum cv. "Hawaiian

Red’ in pot planting
‘S].No. Treatment Month
i 2 3 4 5 6 7 8
1 No 402 438 483 520 558 595 648 7.03
2 NGW; 430 463 507 544 590 652 7.02 7.48
3 N,GW; 481 524 571 613 671 710 7.88 8.72
4 NC;Wp 425 468 521 602 649 720 7.72 8.35
5 NCW; 462 508 575 645 7.08 753 8.01 8.61
6 N;C;W, 488 557 608 675 731 774 7.96 8.30
7 NoCW; 403 448 499 549 605 641 6386 7.35
§ MN,CG;W, 473 s31 577 630 701 736 176 1.95
9 N,C;W, 390 431 481 520 5386 634 693 7.42
10 N,CsW, 464 505 569 607 656 699 770 8.19
11 N,CW, 412 473 532 585 653 717 6.0 7.95
12 N;C;W; 425 465 500 544 595 662 7.00 7.36
13 NaCoW; 469 511 575 636 690 734 782 8.26
14 NsCW, 427 484 521 564 621 658 694 7.30
15 NsCsW; 450 501 558 611 684 752 78 8.l4
16 NsC3W, 511 557 622 674 115 773 824 8.73
17 NoCaM 422 467 530 578 626 668 708 744
18  NoMgM 387 431 482 526 575 622 657 6.80
19 NgVitM 476 525 599 637 682 737-<%7 80l
CD(0.05) NS NS NS NS NS 0978 0911 0.859

NS - Non significant



Control (Ng) recorded the lowest value for plant height duxing.5th, 6th
and 7th months (5.;8 cm, 5.95 cm and 6.48 cm, respectively) and it was on par with
the'lower concentrations (0.25 per cent and 0.5 per cent) of all the nutrients. In the
8th month, the lowest height (6.80 cm) was recorded in the case of application of
Mg 0.5 per cent at monthly interval (No MgM) along with control. Application of Ca
and Mg did not make any added advantage over control, but application of vit. Bis

was found to be significantly better than control.

412 Plant spread - EW

Data pertaining to plant spread (EW) in ground planting, taken at monthly

interval are shown in Table 3.

In ground planting, the nutrients made significant difference in plant
spread among treatments only in the 6th month, where the application of 20:20:20
complex 0.5 per cent at biweekly interval (N;C2W3) resulted in the maximum
spread (41.0 cm).This was significantly different from control and the lower
concentrations (0.25 per cent) of 20:20:40 and 20:40:40 complexes. Treatment
involving the application of 20:40:40 complex 0.5 per cent at biweekly interval
(N3;C;W,) recorded minimum spread (34.11 cm) and it was on par with the control.
Application of Ca, Mg and vit. Bz along with control produced better results and

they were on par with the best treatment.

There were no significant differences in plant spread (EW) among

treatments-in- pot planting during any of the months under observation. All the
treatments were on par with each other. The spread, in all the treatments, increased

readily upto the 6th month and then started declining slowly. In the 6th month,
control (No) recorded the maximum spread (44.20 cm) while the least spread was



Table 3. Effect of nutrients on plant spread-EW (cm) of 4. andreanum cv.

‘Hawaiian Red’ in ground planting

SI.No. Treatment Month
1 2 3 4 5 6 7 8
1 No 2022 3278 3500 39.22 36.00 34.56 32.67 29.67
2 NCIW; 21.89 2489 3056 31.17 3922 37.89 32.45 29.33
3 NGW; 2600 3000 31.89 33.67 39.45 39.44 32.67 31.89
4 NGW, 2678 3089 3244 3344 4155 4100 33.55 29.89
5 NCsW; - 2478 3022 3234 3444 3855 37.80 36.67 35.00
6 NiCsW, 2344 2822 2995 3267 3822 37.00 36.00 34.78
7 NGW; 2978 3122 3511 3511 4011 39.00 37.22 34.11
8§ N,GW;  23.00 27.50 30.56 3222 3678 40.00 33.67 29.33
O NiGW, 2556 28.94 3133 32.67 3811 3544 30.11 27.56
10 NpC3W; 2900 3289 3544 3689 4044 3689 31.78 32.44
11 NpCsW, 27.66 30.11 3222 3278 39.89 37.22 34.78 33.67
12 NsCiW; 2378 2734 3044 31.89 41.00 4022 32.00 3322
13 N3CW; 2356 2556 20.89 29.11 38.11 37.44 33.56 30.56
14 NsCW, .25.89 3089 34.11 33.89 36.80 34.11 28.11 29.11
15 NsCsW; 23.11 2622 2989 3278 3978 40.11 30.22 27.00
16  N3CGW, 2578 2956 3211 3556 4055 37.89 33.11 30.56
17 NoCaM 2534 2983 33.00 34.89 4111 3944 3344 33.78
18 NoMgM 2811 3144 3380 3489 4044 39.56 28.67 30.00
19 NpVitM 2556 3089 3244 3422 3880 3800 3411 3178
CD(O5) NS NS NS NS NS 3945 NS NS

NS - Non significant



Table 4. Effect of nutrients on plant spread-EW (cm) of A. andreanum cv.
‘Hawaiian Red’ in pot planting

SI.No. Treatment Month
1 2 3 4 5 6 7 8
1 No 27.78 31.67 3344 33.78 33.22 4422 34.00 3345
2 NiCiW; 22,67 28.67 3033 31.11 3211 3756 29.56 2733
3 NiGW; 2433 2900 31.00 3478 31.00 3922 31.00 30.56
4 NiCWy 2567 31.00 32.89 3567 3345 36.89 33.00 33.56
5 NiC3W; . 2200 2644 28.89 3044 3211 36.78 3055 31.00
6 N;C3W; 2045 2633 29.67 3156 3532 3856 31.00 29.00
7 N,CiW; 2556 2933 2967 3267 31.00 37.11 3222 2956
8 N,CoW, 2144 27.00 2944 29.11 3255 37.56 32.67 29.78
9 N,CoW, 2133 2444 2789 3045 3211 39.78 30.56 30.33
10 NC3W, 23.11 2555 2755 3089 3200 3533 29.11 2711
11 N,C3W, 2233 2689 29.00 28.67 30.56 4033 26.89 2855
12 N3CiW, 2667 31.00 33.56 33,78 3256 4278 31.67 31.11
13 N3CW; 21.00 23.78 27.11 30.11 31.56 4045 3222 30.33
14 N3CW, 2322 2628 29.00 30.00 3200 3633 28.89 30.22
15 N3C3W, 2500 2878 31.89 33.78 31.11 3956 22.67 2278
16 N3C3W, 2744 3144 3289 3478 32.00 3656 2833 2855
17 NoCaM 21.56 2578 28.33 3056 3333 4144 2811 26.67
18 NoMgM 2055 2500 2745 29.67 31.67 3944 3144 2722
19 NoVitM 2333 27.78 3022 32.11 3411 4211 3256 2933
CD(0.05) ‘ NS NS NS NS ' NS NS NS NS

NS - Non significant



recorded by the treatment involving the application of 20:20:40 fertilizer complex

- S

1.0 per cent at weekly interval (N,C3W),). The data are presented in Table 4.

413 Plant spread - NS

Data pertaining to the spread (NS) of ground plants taken at monthly

interval are presented in Table 5.

Analysis of the data revealed that the spread differed significantly among
the treatments only in the 5th and 8th month. In the 5th month, the treatment
involving the application of 20:20:20 fertilizer complex 0.5 per cent at biweekly
interval (N;C,;W3) recorded the highest value for plant spread (39.53 cm) which was
on par with all the treatments except control and the lower concentrations of
fertilizers. The lowest value for plant spread (31.33 cm) waé recorded by 20:20:20
fertilizer oc->mp1ex 1.0 per cent at weekly interval (N163W[) which was on par with
the control. In the Sth month, maximum spread (37.57 cm) was recorded by
20:20:40 complex 0.5 per cent at biweekly interval (N,C;W,) which was on par
with the higher concentration of K (20:20:40) but differed significantly from higher
concentrations of P (20:40:40) and control. Application of 20:40:40 complex 1.0
per cent at weekly interval (N3C;W,) resulted in the lowest value for spread (17.70
cm) which was even inferior to control (27.33 cm). Application of Ca, Mg and vit.

B2 did not make any added advantage.

In pot planting, the treatments did not make any significant difference in
plant spread during any of the months (Table 6). Here, all the treatments were on
par. The spread, in all the treatments, increased steadily upto the 6th month and
then started declining. In the 6th month, 20:20:20 fertilizer complex 1.0 per cent at
weekly interval (N;{CsW)) recorded the highest value (45.70 cm) for spread (NS)
while the lowest value (34.30 cm) was given by the application of 20:20:40



Table 5. Effect of nutrients oﬁ plant spread-NS (cm) of 4. andreanum cv. "Hawaiian
Red’ in ground planting

SI.No. Treatment Month
1 2 3 4. 5 6 7 8
1 No 27.77 29.00 3197 3490 3377 3747 3287 2733
2 NICiW, 2590 28.47 3120 33.77 3737 3857 3423 31.10
3 NGW; 2603 3020 3243 3367 37.10 3857 34.57 33.90
4  NiC,W, 29.77 3423 36,00 3857 39.53 39.57 33.00 36.97
5 NiC3W, 26.00 3033 3367 3470 31.33 3590 36.57 33.77
6 N;C3W, - 27.80 31.77 34.10 36.43 3890 38.00 3190 30.10
7 N,CiW; 30.63 32.43 3457 3567 39.13 38.00 3423 31.43
8 MNCWp 27.00 29.97 3367 3267 36.03 36.90 3220 29.00
9 NoCW, 2777 3187 3380 3510 37.80 3523 3587 37.57
10 -NoGsWr 2943 31.67 3477 3690 3557 3833 3247 33.30
11 N;CsW, 2257 2580 3090 3457 3247 36.23 3143 28.80
12 N3C\W, 27.67 3257 34.57 33.00 3877 3923 32.57 28.47
13 N3CaW; 30.67 34.03 3567 3743 37.23 39.10 3553 33.13
14 N3C,W, 2843 3233 3243 3257 32.67 3523 31.77 31.77
15 N3C3W) 27.67 3200 32.67 3200 3857 3800 26.00 17.70
16  N3C3W, 2620 30.20 3257 3467 3747 37.87 3133 27.23
17 NgCaM 2390 2867 3123 3400 3853 3777 28.67 24.57
18 NoMgM 2823 3337 3510 3467 3833 3823 30.77 28.63
19 NoVitM 21.87 2643 2890 31.00 3"5.77 36.77 3000 29.23

CD(0.05) NS NS NS NS 4905 NS “XN§ 8983

NS - Non significant



Table 6. Effect of nutrients on plant spread-NS (cm) of 4. andreanum cv. "Hawaiian
Red’ i pot planting

SI.No. Treatment Month
] 2 3 4 5 6 7 8
1 No 2530 2877 31.00 33.10 34.67 3890 3143 2557
2 NIG\W;  21.77 2443 2667 2943 30.00 39.67 3433 31.00
3 NjGW; 2177 2543 29.10 3233 3323 4057 31.67 30.03
4 NiCW, 2147 2573 2790 3033 32.10 37.13 29.00 28.00
5 NiGzW;  23.00 2623 2833 3047 33.00 4567 28.77 27.77
6 NiC3W, - 2320 2890 3143 31.67 33.57 35.87 31.30 2843
7 NpCW;, 2643 3080 3323 3523 3533 3733 29.87 26.67
8 NoCoW; 2243 2533 2867 30.77 3123 37.10 27.77 26.90
9  N,CoW, 23.43 2657 2843 2990 31.23 37.00 29.70 29.10
10 NRC3W; 2647 30.57 3147 29.77 30.57 3433 28.10 23.77
11 NC3W, 21.67 2557 2857 2880 30.43 39.90 30.10 29.23
12 N3CiWy 2353 2857 2953 31.00 31.80 40.67 31.33 29.67
13 N3CoW; 20.00 2580 27.57 2947 30.00 39.67 27.80 25.77
14 N3CoW; 2200 2600 2877 30.90 33.20 3800 31.33 31.00
15 N3C3W;  23.10 2543 2953 3223 3243 41.00 28.23 23.20
16 N3C3W, 2543 2933 3187 3450 3590 39.77 29.53 29.57
17 NogCaM  23.00 2843 3090 31.57 31.33 4123 2887 30.03
18  NoMgM 2147 2577 29.10 3223 33.77 3977 29.70 31.23
19  NpVitM 2133 2533 27.10 .28.33 30.67 4120 34.10 2867
CD(0.05) NS NS NS NS NS NS NS NS

N e e .

NS - Non significant



complex 1.0 per cent at weekly interval (N.C3W1). Application of Ca, Mg or vit.

B, did not make any significant difference in plant spread. =

414 Number of leaves/plant

Data on the effect of nutrients on the numbér of leaves/plant in ground
planting are presented in Table 7. The data show that there is no significant
difference among the treatments with respect to the number of leaves/plant during
the peﬁod of experiment. The highest values for all the treatments were' recorded in
the 5th month. Among them, the treatment involving the application of 20:20:20
fertilizer complex 0.5 per cent at weekly interval (N1C,;W)) recorded the maximum
number of leaves/plant (6.9). Application of 20:40:40 complex 0.25 per cent at
weekly interval (N;C; W) recorded the minimum value (5.3).

The data pertaining to the number of leaves/plant in pot planting show
that the nutrients had signiﬁéant effect on the number of leaves/plant only in the 5th
month (Table 8). During the rest of the period, all the treatments were on par. In the
5th month, the plants in the treatment involving the app}icatio:u of 20:20:20 fertilizer
complex 0.25 per cent at weekly interval (N;C; W) recorded the maximum number
of leaves/plant (7.0) which was on par with the application of 0.5 per cent of the
other nutrients (20:20:40 and 20:40:405 at weekly imnterval or 1.0 per cent at
biweekly interval. Additional application of Ca, Mg or vitamins did not increase the
number of leaves. The treatment involving the application of 20:20:40 complex 1.0
per cent at weekly interval (N,CsW)) recorded the lowest value (4.22) which was
found to be inferior to all the other treatments including control.

41,5 Leaf length

Statistical analysis of the data presented in Table9 showed that, in ground
planting, there was no significant difference in leaf length among the treatments
during the experimental period . The highest value, for all the treatments, was



Table 7. Effect of nutrients on number of leaves per plant of A. andreanum cv.

‘Hawaiian Red’ in ground planting

S1.No. Treatment Month
1 2 3 4 5 6 7 8
1 No 467 490 543 567 590 567 500 4.00
2 NCiW; 480 533 567 567 567 5.00 510 4.67
3 NiCW 580 643 690 69 687 677 657 5.80
4 NCW, 523 600 633 680 667 633 567 4.47
5 NGW, 510 567 610 - 623 653 543 557 4.77
6 NCsW, 567 590 643 633 '647 610 647 6.13
7 NoCW; 457 500 5.67 577 543 530 547 480
g N,C,W, 410 467 510 547 510 490 510 413
9 N,C,Wo- 520 580 620 643 653 657 657 567
10 N,CsW; 477 490 577 543 557 487 477 410
11 NoCsW, 490 533 570 557 580 533 523 447
12 NsC,W, 420 480 520 533 580 523 490 437
13 - NsGW, 467 553 567 567 590 557 510 467
14 NsCW, 433 487 520 543 580 500 477 423
15 NsCsW; 457 500 557 557 567 467 400 277
16 NsCsW, 480 543 580 577 620 580 500 477
17 NoCaM 490 557 590 610 557 520 520 433
18 NoMgM 457 510 58 600 610 547 590 5.00
19 NgVitM 457 520 567 567 567 510 510 447
CD(0.05) NS NS NS NS NS NS NS NS

NS - Non significant

’



Table 8. Effect of nutrients on number of leaves per plant of A. andreanum cv.
‘Hawaiian Red’ in pot planting

S1.No. Treatment Month
1 2 3 4 5 6 7 8
1 No 433 480 533 567 600 533 523 457
2 N;CW; 500 553 600 667 700 680 657 543
3 NjGW; 490 543 590 653 657 577 610 523
4 NCW, 457 510 543 610 610 577 643 6.00
5 NCW, 490 553 590 667 677 587 567 537
6 NiGW, 477 567 590 643 633 667 547 633
7 N,C;W; 480 533 587 610 580 567 577 477
8 NG;W; 467 513 567 590 590 567 6.00 5.20
9 N,C,W, 423 477 523 600 610 610 557 500
10 N,CsW; 413 457 500 513 423 453 433 3.67
11 N,CsW, 477 533 577 623 577 577 557 467
12 N3CiW; 443 490 543 590 563 530 520 4.67
13 NaGW, 457 510 557 59 610 553 567 487
14 N3C,W, 433 497 557 590 623 633 600 5.10 '
15 N3;C3W, 510 567 610 680 533 567 467 4.00
16 N3CsW, 467 530 580 600 590 533 477 443
17 NoCaM 467 523 567 610 600 453 533 453
18 NoMgM 487 533 587 633 610 530 577 523
19 NoVitM 433 490 523 533 590 567 543 443
CD(0.05) NS NS NS NS 1022 NS NS NS

NS - Non significant

P

Sl



Table 9. Effect of nutrients on leaf length (cm) of A. andreanum cv. "Hawaiian Red’

in ground planting

SI.No. Treatment Month ‘
1 2 3 4 5 6 7 8
1 No 861 1028 11.72 1333 15.11 1433 13.66 13.44
2 NGW; 778 9.00 10.78 12,67 14.56 1322 13.11 1267
3 NiCW; 811 966 11.56 12.78 13.66 1478 1333 13.55
4 NiCW, 811 989 1200 1345 1467 1467 1322 1255
5 NiC3W; 955 11.55 1367 1500 1644 14.00 13.89 13.22
6 N;CsW, 922 1078 1222 13.00 1411 1434 12.78 12.78
7 NoC/W;  9.67 1095 1200 13.56 14.66 14.45 14.22 15.00
8 NoCoW;, 11.11 1278 1456 1622 1722 1567 1344 13.33
9 NpCW; 1011 1156 13.11. 14.00 1544 14.56 14.22 14.44
10 NoC3W; 1055 1233 14.00 1489 1633 15.78 13.89 13.67
11  NoC3W, 867 1022 1233 1345 1489 1544 13.45 13.34
12 N3C/W; 967 1144 1322 1444 1556 1433 13.00 12.67
13 N3CW; 878 1000 1145 1266 13.66 1544 13.00 13.33
14 N3C;W, 955 1067 1234 1455 1533 14.78 13.56 12.67
15 N3;CsW; 967 1167 1289 1411 1478 1422 1211 12.11
16 - N3C3W, 11.33 1311 1522 16.67 17.78 14.56 12.44 12.89
17 NyCaM 8.56 10.11 11.78 13.67 1511 1478 12.11 12.78
18 NoMgM 1022 1211 1422 1500 16.11 1533 13.33 13.11
19 NpVitM 966 1133 1255 13.78 1511 1489 13.66 13.44
CD(0.05) NS NS NS NS NS NS NS NS

NS - Non significant



Table 10, Effect of nutrients on leaf length (cm) of A. andreanum cv. ‘Hawaiian

Red’ in pot planting

SI.No. Treatment Month
1 2 3 4 5 6 7 8
1 No 7.17 822 984 11.11 1233 1578 13.78 13.89
2 N;CiW, 6.55 789 878 1067 11.78 13.45 13.33 13.50
3 NjCW, 722 867 922 10.89 1200 14.11 13.11 13.78
4 NiCW, 711 811 966 1033 1133 14.00 12.56 12.78
5  N;C3W 7.56 856 945 1022 1133 13.33 1245 12.33
6 N;C3W; 733 911 1044 11.00 11.78 1422 12.78 12.56
7 NoCiW 7.56 856 10.11 1078 1155 13.00 1222 11.78
8  N,CLHW, 7.56 833 9.67 .10.55 11.33 1433 12.56 12.89
9 NyC,W, 689 822 956 1011 11.00 1267 1222 1228
100 NC3W; 756 878 9.67 10.66 11.78 14.11 11.89 1255
11 N,C3W, 680 789 845 922 1033 1289 11.67 12.34
12 N3CiW, 822 923 1011 1144 1256 1544 13.00 13.17
13 N3CoW) 733 900 978 10.56 11.33 1333 11.44 11.17
14 N3;CoW,  7.11 8355 955 1056 1145 1389 1244 12.50
15 N;C;W, 722 800 978 1011 1111 12.89 12.00 10.67
16 N3CiW,  7.67 922 1011 11.11 1211 1422 1222 12.78
17 NoCaM 6.67 7.67 9.00 10.00 11.56 11.55 11.00 11.00
18 NegMgM 7.56 833 955 1044 1122 1444 12.00 13.33
19 NoVitM  7.89 878 10.00 10.78 1189 15.00 12.67 13.00
CD(0.05) NS NS NS NS NS NS NS NS

NS - Non significant



recorded in the 5th month. The application of fertilizer complex 20:40:40 1.0 per
- cent at biweekly interval (N3C;W,) had the highest leaf length (17.78 cm) and the
lowest value (13.66 cm) was recorded in the treatment involving 20720720 complex

0.5 per cent at weekly interval (N;C,W;) and 20:40:40. complex 0.5 per cent at
weekly interval (NaCzW]). o ‘

Table 10 gives the data on the effect of mitrients on leaf length in pot
planting. The data revealed that there was no significant difference in leaf length
among the treatments. The leaf length increased steadily upto the 6th month and
then started declining slowly. In the 6th month, control (17:17:17 complex 1.0 per
cent at weekly interva;l) produced the longest leaves (15.80 cm) while the plants
applied with "Ca’ 0.5 per cent at monthly interval (NoCaM) along with control had
the minimum (11.60 cm) leaf length.

41.6 Leaf breadth

In ground planting, nutrents had no significant effect on leaf breadth
duning the experimental period (Table 11). Maximum leaf breadth was recorded in
the 5th month for all the treatments. Application of 20:40:40 complex 1.0 per cent
at biweekly interval (N3C;Wa) recorded highest leaf breadth (11.00 cm) and the
lowest breadth (9.56 cm) was for the treatment involving the application of 20:20:20
complex 1.0 per cent at biweekly interval (N;CsW).

"In pot planting also, all the treatments were on par. Maximum leaf
breadth was in the 6th month, where the application of 20:20:20 complex 1.0 per
cent at biweekly interval (IN;C3W,) resulted in the highest leaf breadth (11.22 c¢m)
and application-of 'Ca’ 0.5 per cent at monthly interval (NoCaM) along with control
resulted in the lowest leaf breadth (8.89 cm) (Table 12).



Table 11. Effect of nutrients on leaf breadth (cm) of 4. andreanum cv. ‘Hawailian
Red’ in ground planting

SI.No. Treatment Month
1 2 3 4 .5 6 7 8
1 No 644 733 800 900 1000 989 1000 972
2 NCW; 645 733 833 91l 989 978 955 9.00
3 NCW, 678 733 867 933 1011 989 967 944
4 NCW, 656 744 878 956 1056 1000 9.67 944
5 NCW; 711 778 844 900 1000 10.00 1000 9.89
6 NCiW, 644 733 844 911 956 989 344 9.ll
7 NCW; 711 800 889 944 1011 1033 10.56 10.50
g MN,C,W, 778 833 956 1011 1056 1011  9.67 9.45
9 N,C,W, 733 856 922 967 1022 1000 1011 10.17
10 MNoCsW,. 689 7.66 922 922 1011 1078 9389 9.67
11  N,CsW, 656 755 878 922 1011 956 945 972
12 NsCW; 689 745 822 911 1000 978 9.00 894
13 N;C,W, 644 700 811 922 1011 1022 9.67 946
14 N;CW, 767 845 900 1011 10.66 1000 9.67 9.6l
15 N;CsW; 589 656 789 911 1033 1000 922 867
16 N;CsW, 7.56 800 9.00 978 1100 1022 933 9.29
17 NoCaM 655 744 811 922 1045 989 867 9.00
18 NoMgM 7.1 800 878 944 1055 1033 933 978
19 NoVitM ~7.56 800 889 944 1022 1022 978 9.56 -
CD(0.05) NS NS NS NS NS NS NS NS

NS - Non significant

WL



Table 12. Effect of nutrients on leaf breadth (cm) of A. andreanum cv. "Hawailan
Red’ in pot planting

SI.No. Treatment Month

1 2 3 4 S 6 7 8

No s67 666 750 806 867 1100 9.67 9389
NCW; 511 611 678 833 911 1011 967 98
NiC,W; 589 700 7.67 822 866 10.00 1033 10.50
NGW, 522 567 644 T11 767 967 944 955
N/CsW; 522 578 678 722 756 1011 922 9.1
N,CsW, 580 656 755 800 833 1122 _944 955
NoCiW; . 567 645 745 811 889 978 922 8.94
NoC,W, 533 633 755 822 855 1033 911 9.00
NpC,W, 544 611 711 800 834 955 878 9.06
10 NoCsW, 566 667 778 811 844 978 867 9.l
11 NCsWa 478 567 645 722 778 955 855 9.00
12 NsCW; 578 678 755 811 867 11.00 956 929
13 NsG,W, 544 678 756 800 856 967 900 878
4 NsCW, 545 589 678 7156 822 9.67 911 9.17
15 NiCaW; 544 611 722 756 800 922 878 856
16 N;CiW, 578 644 700 789 838 1044 900 934
17 NoCaM 500 556 711 1778 867 889 845 822
18 NoMgM 522 589 711 756 811 1000 944 922
19 NoVitM 548 655 733 767 856 1067 9.00 9.56

O 0 OB W —

CD(0.05) NS NS NS NS NS NS NS NS

NS - Non significant



417 Leaf area

The data relating to leaf area in ground planting are present._e;q"i#n? Table 13
which reveal that the leaf area do not differ significantly among treatments. The leaf
area, in all the treatments increased readily upto the 5th month and then showed a
slow decline. In the 5th month. application of 20:40:40 complex 1.0 per cent at
biweekly interval (N3C3W2) recorded the highest leaf area (141.37 cm?) and that of
20:40:40 complex 0.5 per cent at weekly interval (N3C,W)) caused the lowest leaf
area (99.78 cm®). Application of Ca, Mg or vitamin did not produce any added

advantage over control.

In pots also, there were no significant differences in leaf area among the
treatments (Table 14). The maximum leaf area, for all the treatments, was recorded
in the 6th month, where control (Np) recorded the highest value (126.40 cm?) aﬁd
minimum area was recorded by control + 'Ca’ 0.5 per cent at monthly interval

(NoCaM). Application of Mg or vitamin B, did not make any significant effect.

4.1.8 Days to flower

Table 15 gives data on the number of (iays taken for the first flower to
appear In ground plants. It varied from 5 days in the case of plants receiving
20:20:40 complex 0.25 per cent at weekly interval (N2C1W)), to 136.00 days in the
case of the treatment involving the application of 20:40:40 complex 0.5 per cent at

biweekly interval (N;C,W,).

In pot planting, the range was from 31.33 days in the case of control (No)
and 20:20:20 complex 0.5 per cent at weekly interval (N;C;Wy) to 154.67 days in
the case of 20:40:40 complex 0.5 per cent at weekly interval i.e., N3C,Wi(Table

16).

B¢




Table 13. Effect of nutrients on leaf area (cm?) of 4. andreanum cv,. 'Hawaiian Red’

in ground planting
SI.No. Treatment Month
1 2 3 4 5 6 7 8
1 No 4092 56.55 70.03 87.87 109.60 101.98 98.38 94.09
2 NICiW; 3622 4750 64.76 83.73 104.66 93.20 90.98 82.56
3 NCW, 4070 52.70 72.67 86.50 100.10 105.44 93.17 92.77
4 NjCoW, 4145 56.85 79.87 9443 11322 10662 92.44 96.30
5 N;C3W; 48.78 64.19 8286 96.83 117.64 101.12 100.52 95.22
6 NiC3W, 4374 5818 74.62 8533 97.57 10426 87.74 85.06
7 NoC)W; 5031 63.93 77.82 93.06 107.55 108.23 11Q.05114.65
8 NoCoW, - 6260 76.65 10039 118.21 131.09 115.54 96.08 93.03
9 NoCoW, 53.14 7135 87.01 97.23 113.50 105.39 103.62105.71
10 N2C3Wp; 52.80 6845 8327 99.72 119.68 122.70 99.08 95.12
11 NpC3W, 4198 56.55 78.98 89.84 108.32 106.27 92.55 9430
12 N3CiW, 4790 61.05 78.15 94.60 112.11 101.07 84.37 82.03
13 N3C;W, 40.79 50.64 66.38 83.93 99.78 113.82 90.67 90.92
14  N3CoW> - 5477 67.32 82.71 107.90 119.40 107.11 96.03 88.53
15 N3C3W; 4153 56.03 7426 93.34 110.23 102.28 80.72 76.65
16 N3C3W; 6161 7548 98.61 117.82 141.37 108.20 84.58 89.12
17 NgCaM 4098 55.18 70.04 9222 11543 105.55 76.21 83.29
18 NoMgM 5206 69.67 89.56 101.62 121.99 11574 90.48 92.70
19 NoVitM 5429 66.34 81.35 9448 111.58 109.46 96.31 93.07
CD(0.05) NS NS NS NS NS NS NS NS

NS - Non significant
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Table 14. Effect of nutrients on leaf area (cmz) of A. andreanum cv. 'Hawaiian Red’

in pot planting
S1.No. Treatment Month
1 2 3 4 5 6 7 8
No 2926 29.62. 5392 65.63 7723 12640 95.38 99.36

NCiW, 2414 3475 4286 6398 7716 97.90 93.36 96.02
N,GW, 3403 4424 5145 64.69° 7515 102.08 97.80 104.46
NC,W, 2669 33.11 4496 5301 6264 5747 85.33 87.73
N,C;W; 2841 3562 4601 5313 6171 9714 82.82 81.30
N,CsW, 3093 4282 5704 63.46 7074 116.63 86.88 86.44
N,C,W; 3120 3999 5428 63.10 7437 9202 8LI9 76.04
N,CoW;  28.64 3791 5257 6256 69.90 106.62 82.34 83.61
N,C,W,  27.44 3622 4890 5824 6595 87.29 728 80.20
10 N,C:W; ° 3172 43.06 5510 63.46 7281 10119 75.62 83.44
11 N,CsW,  23.67 3195 3933 4800 5826 9020 71.90 79.94
12 N,C;W: 3456 4527 5514 6692 7873 123.38 89.67 88.34
13 N:C,W, 2869 4380 5101 6106 6985 9283 7479 71.31
14 NsG,W. 2825 3629 4670 5764 6781 9671 8637 92.00
15 N:C,W, 3008 3660 4825 5595 6463 8792 7650 66.49
16 N;CaWp, 3222 43.09 5119 6339 7285 10939 8030 87.83
17 NoCaM 2405 3075 4639 56.07 7214 7399 6722 6540
18 NoMgM 2860 3545 4899 57.18 66.00 104.10 82.10 88.59
19 NoVitM  31.00 41.58 5294 5959 7372 115.60 8221 89.50

(Yo RN LN R e RV I Ve

CD(0.05) NS NS NS NS NS NS NS NS

NS - Non significant



4.19  Number of flowers/plant

The effect of nutrients on the number of flowers/plant in ground plants is
evident from Table 15. All the treatments were on par. The higheft_ value of 2.11

was recorded by the application of 20:20:40 complex 0.25 per cent at weekly
interval (N.C1W1) and the lowest value of 0.55 was recorded by 20:40:40 complex

1.0 per cent at weekly interval (N;C3W)).

In pot plants also, ;111 the treatments were on par (Table 16). The
maximum number of ﬂbwers/plant -( 1.55) was recorded in control (Np), and
20:20:20 complex 0.5 per cent at biweekly interval (IN;C;W>) had the minimum
number of flowers/plant (0.44). Application of 20:20:20 complex 1.0 per cent at
biweekly interval (N;C3;W2) and 20:20:40 0.25 per cent at weekly interval
(N2CW)) also had the same number (0.44) of flowers/plant. Application of Ca, Mg
and vitamins along with control had lower values than control.

4.1.10  Interval of flower production

In ground planting as well as pot planting, there were no significant
dﬁferences in the interval of flower production among treatments. In ground
planting, 1t ranged from 21.58 days in 20:20:20 complex 1.0 per cent at weekly
mnterval (NiCsWy) to 35.72 ciays m 20:20:20 complex 0.5 per cent at biweekly
interval 1.e., NyC;Wa(Table 15). In pot planting, the range was from 30.50 days in
20:20:40 complex 0.25 per cent at weekly interval (N2C1W;) to 39.00 days in
20:20:40 complex 0.5 per cent at biweekly interval 1.e., N,C;W2 (Table 16).

4.1.11 - - Stalk length

Stalk Jength did not differ significantly among treatments in ground.
Application of 20:40:40 fertilizer complex 0.5 per cent at biweekly interval
(N3C,W,) had the longest stalk (24.67 cm) while the ‘shortest stalk (10.67 cm) was

8



Plate 3. A general view of ground planting at the end of the period of
experiment

-,

Plate 4. A general view of pot planting at the end of the period of
expenment
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recorded for the treatment involving the application of 20:20:40 complex 0.5 per
cent at weekly interval i.e., NoC, W, (Table 15).

Table 16 gives an account of the effect of nutrients on stalk length m pot
where, the nutrients significantly influenced the stalk length of flowérs~Here also,
20:40:40 complex 0.5 per cent at biweekly interval (NsC,W2) produced the longest
stalk (26.06 cm) while 20:20:20 complex 1.0 per cent at biweekly interval
(N;C3W2) produced the shortest stalk (11.67 cm).

4.1.12  Spathe size and spadix length

There 1s no significant difference among treatments in spathe size or
spadix length either in ground or pot. In ground, application of Mg 0.5 per cent at
monthly interval (NoMgM) along with control (Np) resulted in the longest spathe
(9.50 cm) and 20:20:40 complex 0.5 per cent at weekly interval (N.C:W;) resulted
in the lowest spathe size (4.93 cm). In the case of spadix length, highest value (3.17
cm) was for 20:20:20 complex 1.0 per cent at weekly interval (N;C3W)) and the

lowest value (1.83 cm) was for 20:40:40 complex 1.0 per cent at weekly interval,

i.é., N3C3W1 (Table ]5)

In pot, the highest spathe size (9.33 cm) was for 20:20:40 complex 0.5
per cent at weekly interval (N.C,W;) and the lowest value (2.67 cm) was for
20:20:20 complex OC.5 per cent at biweekly interval (N;C,W;). With regard to
spadix length, a maximum value of 2.93 cm was recorded for 20:20:20 complex
0.25 per cent at weekly interval(N;C,W;) and a mmimum value of 0.77 cm for
20:20:20 complex 0.5 per cent at biweekly interval,i.e., N;C,W; (Table 16).



Table 15. Effect of nutrients on flowering and flower characters of A. andreanum
cv. "Hawaiian Red’ in ground planting

Sl. Treatments Days to No. of Interval Stalk Spathe Spadix
No. flower flowers of flower length length length
per plant  production (cm)  (cm) (cm)
(days)

1 No 67.00 1.00 25.17 20.33 3.83 3.00
2 NiCiW, 111.33 0.89 2450 2233  9.00 3.06
3 NGCW, 23.67 1.89 23.00 21.64 825 3.00
4 N;CoW, 4433 1.22 35.72 20.83 8.25 3.05
5 NCW; 60.00 1.33 21.58 19.39 7.78 3.17
6 N(CsW; 19.62 1.55 23.22 15.42 6.50 2.08
7 N.C\W; 5.00 . 2.11 3478 2033  133.., 272
g8 N,CW, . 66.00 0.89 34.00 10.67 498 1.93
9 N,C,W, 76.33 1.33 35.22 22.17 8.83 2.83
10 N,C:W, 14.83 1.56 34.11 18.83 883 2.63
11 N,C;W, 63.67 1.22 22.67 18.00 7.58 2.55
12 N:C\Wy 58.00 1.89 33.78 18.00 6.11 243
13 N:C,W, 105.67 0.89 22.33 17.00 8.67 2.68
14 N;C,W, 136.00 1.00 24.33 24,67 8.50 2.87
15 N;CW, 70.00 0.55 32.00 14.33 6.22 1.83
16 N;C3W, ) 19.67 0.56 0.00 13.83 6.08 1.92
17 NoCaM 38.67 2.00 33.78 19.00 7.33 2.51
18 NeMgM 128.33 0.67 35.00 21.17 9.50 3.02
19 NoVitM 113.33 0.67 35.00 22.67 9.33 291

CD(0.05) NS NS NS NS NS NS

NS - Non significant



Table 16. Effect of nutrients on flowering and flower characters of A. andreanum
cv. ‘Hawaiian Red’ in pot planting

SI.  Treatments Days to No.of Interval Stalk Spathe Spadix
No. flower flowers of flower length length length
per plant production (cm) (cm)  (cm)
(days)

1 No 33.33 . 1.55 37.00 18.75 9.00 2.92
2 N,Ciw, 111.33 1.00 35.00 20.06 6.72 2.93
3 NiCW, T 31.33 1.33 36.75 19.58 7.19 2.66
4 N;C,W, 50.00 0.44 0.00: 16.00 2.67 0.77
5 N,GW, 49.67 1.00 33.00 17.67 6.89 2.61
6 NiCsW2 96.00 0.44 35.67 11.67 433 1.67
7 N,C,\W, 86.00 0.44 30.50 13.17 4.17 1.73
8 N.C;W, ©90.00 1.00 36.50 14.33 9.33 2.66
9 NC,W» 128.00 0.89 39.00 20.00 Q83 .. . 2.73
10 N;C:W, - 153.67 0.66 35.33 12.33 5.00 1.77
11 NC:W, 88.33 0.56 36.00 12.33 5.00 1.43
12 N;C, W, . 69.33 . 1.22 36.33 19.75 8.00 2.85
13 N;CW; 154.67 0.44 36.00 17.33 6.17 2.00
14 N:CW, 124.00 1.33 35.50 26.06 7.33 2.87
15 N:CsW, 45.67 0.67 ) 0.00 24.00 5.33 1.53
16 N;C3W, 11200 067 3500 1667 7.50 2.30
17 NoCaM 41.33 1.11 35.00 17.17 6.33 1.88
18 NoMgM 79.33 0.67 0.00 16.00 6.50 2.18
19 NpoVitM 45.00 1.11 0.00 18.00 3.00 0.83

CD(0.05) NS NS NS 10.11 NS NS

NS - Non significant



4.1.13  Interval of leaf production

In ground, the interval of leaf production did not vary significantly among
treatments. The details are given in Table 17. Here, the minimum number of days
(33.41) was taken by 20:20:20 complex 0.5 per cent at weekly interval (N;C;W))

A e "

and the highest number of days (37.67), by 20:40:40 complex 1.0 per cent at
biweekly interval (N;C3;W2).

In pot also, all the treatments were on par. The lowest interval (34.11
days) was for 20:20:20 complex 1.0 per cent at weekly interval (N;C3W;) and
highest interval (37.94 days) was for 20:40:40 complex 1.0 per cent at biweekly
interval 1.e., N3C3W; (Table 18).

4.1.14  Number of suckers/plant

Data furnished in Table 17 relate to the effect of nutrients on the number
of suckers/plant in ground planting. Statistical analysis of the data revealed that
nutrients had little effect on the number of suckers/plant and that all the nutrients
were on par. No suckers were produced in a large number of treatments including
cbntrol, 20:20:20 corﬁplex 0.25 per cent and 0.5 per cent at weekly interval, higher
concentrations (0.5 per cent and 1.0 per cent) of 20:20:40 and 20:40:40 compl.exes.

In pot planting also, nutnients failed to make any significant effect on the
number of suckers/plant (Table  18). Here the maximum number of suckers/plant
(0.33) were produced by the plants receiving 20:20:20 complex 1.0 per cent at
weekly interval (N,CsW,). Control, higher levels of 20:20:40 complex as well as
lower levels (0.25 per cent and 0.5 per cent) of 20:40:40 complex failed to produce

any suckers.



Table 17. Effect of nutrients on number of suckers per plant and interval of leaf
production of 4. andreanum cv. ‘Hawaiian Red’ in ground planting

Sl. Treatment Month Interval of
No. o leaf pro-
)| 2 3 4 5 6 7 8 duction
(days)
1 No 0.00 000 000 0.00 0.00 0.00 0.00 0.00 36.78
2 N,C;W, 000 000 000 000 0.00 0.00 0.00 0.00 35.03
3 N,CoW, 000 000 0.00 000 0.00 000 000 0.00 3341
4 N,CW, 0.11 0.11 011 0.II 0.11 0.11 0.11 0.11 34.07
5 NiC:W, 0.00 0.00 000 000 0.00 0.00 0.00 0.00 33.61
6 N;C;W, 000 000 0.11 0.11 0.11 0.11 022 022 3559
7 N.Ci\W, 0.00 0.00 000 0.00 0.00 0.00 0.11 0.11 35.72
8 N.CW, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 3544
9 NC,W, 0.00 011 011 o011 0.11 0.11 022 022 3476
10 N,CsW,; 000 000 000 000 000 0.00 0.000=~0:00 36.00
11 N,C3W, 000 0.00 0.00 0.00 0.00 0.00 0.00 000 36.38
12 N:C,W, 0.00 0.00 000 0.00 0.00 0.00 0.00 000 35.68
13 N;C.W, 0.00 0.00--0.00 0.00 0.00 0.00 0.00 0.00 3544
14 N;CoW, 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 35.00
15 N;C;W, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 37.67
16 N;CsW, 0.00 0.00 000 0.11 0.11 0.11 0.11 0.11 36.67
17 NoCaM 000 000 000 000 000 000 000 0.11 34.83
18 NgMgM 000 011 011 011 0.11 0.11 0.22 022 3517
19 NoVitM 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 34.82
CD(0.05) NS NS NS NS NS NS NS NS NS

NS - Non signiﬁcant



Table 18. Effect of nutrients on number of suckers per plant and interval of leaf
production of A. andreanum cv. “Hawaiian Red’ in pot planting

Sl. Treatment Month Interval of
No. : leaf pro-
| 2 3 4 5 6 7 8  duction

(days)

1 No 000 000 000 000 000 000 000 000 37.75
2 N,G,W, OI1 011 022 022 022 022 022 0.22 35.45
3 NGW; 011 011 o011 o011 o1l o1t 011 0ll 34.78
4 N,C;W, 000 0.11 0.1l 011 011 031 011 0.11 3567
5 N,G,W, 033 033 033 033 033 033 033 033 34.11
6 N;C;W» 000 022 022 022 022 022 022 0.22 36.41
7 N,C;W; 000 000 000 000 000 000 000 0.00 35.67
8§ NoC,W, o011 o011 o011 011 011 011 011 OII 35.82
9 N,C,W. 000 000 000 000 000 000 000 000 36.05

10 N,CsW; 000 000 000 000 000 000 000 000 36.47
11 N,GsW, 000 000 000 000 000 000 OIl 011 37.49
12 N;C;W; 000 000 0.00 000 0.00 0.00 011 0.11 36.83
13 N,C,W, 000 000 000 000 000 000 000 0.00 36.67
14 NsC,W, 000 000000 000 000 011 0ll 0.11 35.67
15 N;CaW, 022 022 022 022 022 022 022 022 37.77
16 NsCsW, 000 o011 o011 o011 o011 011 0ll 0.11 37.54
17 NyCaM 000 000 000 000 000 000 000 0.00 35.77
18 NgMgM 000 011 011 011 o011 0Il  0ll 0.11 36.06
19 NgVitM 000 000 000 000 000 000 000 0.00 36.67

CD(0.05) NS NS NS NS NS NS NS NS NS

NS - Non significant



4.1.15  Leaf nutrient content

In ground planting, the treatments differed significantly with regard to the
N, P and K content of leaves (Table 19 and Fig.1,2 and 3). Among the treatments,
maximum value for N content (2.23 per cent) was re;odrded for the application of
20:20:20 complex 1.0 per cent at weekly interval (N;C;W;) and minimum value
(NoVit.M) along with control. In the case of P content, the maximum value (0.77
pér cent) was for the appiiza;tion of 20:40:40 complex 1.0 per cent at weekly
interval (N3C3W,) which was significantly better than all the other treatments. The
minimum value (0.33 per cent) was recorded for the application of 20:20:20
complex 0.5 per cent at weekly interval (N;C,W;) which was on par with the
lower level (0.5 per cent) of 20:20:40 and 20:40:40 complex. Application of Ca, Mg
or vitamin B, also did not make any significant effect. Regarding K, the maximum
value (1.80 per cent) was recorded for the application of 20:40:40 complex 1.0 per
cent at weekly interval(NaCsW;) which was on par with all the other treatments
except 20:20:40 complex 0.25 per cent at weekly interval (N.CiW;) which

recorded the minimum value (1.29 per cent).

Table 20 and Fig.1,2 and 3 depict the effect of the nutrients on the NPK
- ‘content of leaves 1mn pot planting. There is significant difference among treatments
with respect to the content of N, but with respect to? the content of P and K, all the
treatments were on par. The highest value for N content (3.38 per cent) was
recorded for the treatment involving the application of 20:20:20 fertilizer compex
0.25 per cent at weekly interval (IN;C{W;) and the lowest value (1.18 per cent) was
for the treatment involving the application of 20:20:20 complex 1.0 per cent at
biweekly interval (N;C3W,). In the case of P, the highest (0.78 per cent) value was
for the treatment involving the application of 20:40:40 complex 1.0 per cent at
weekly interval (N;C3W;) and the application of 20:20:40 complex 0.5 per cent at




biweekly interval (N,C,W>) recorded the lowest value (0.40 per cent). Regarding K
content, application of 20:20:40 complex 1.0 per cent at weekly interval (N2C;W1)
recorded the highest value (1.91 per cent) and the lowest value (1.61 per cent) was

for the application of vitamin B, @ 100 ppm along with control (NoVit.M).

- 4.1.16  Chlorophyll content

In ground planting, chlorophyll content of leaves differed significantly
among treatments (Table 19-and Fig.4). Maximum value for chlorophyll a (14.36
mg/g tissue) was recorded for the application of Ca 0.5 per cent at monthly interval
(NoCaM) along with control which was on par with the lower concentrations (0.25
per cent and 0.5 per cent) of 20:20:20 and 20:40:40. The lowest value (11.28 mg/g)
was for the application of 20:20:40 complex 0.25 per cent at weekly interval
(N.C;W)). For chlorophyll b, the highest value (5.50 mg/g) was for 20:20:20
complex 0.25 per cent at weekly interval (N;C1W1). and the lowest value (3.73
mg/g) was for 20:40:40 complex 1.0 per cent at biweekly interval (N3CsWy). .
Regarding total chlorophyll content, application of 20:20:20 complex 0.25 per cent
at weekly mterval (N;C,W)) recorded the highest value (19.08 mg/g) and the lowest
value was for the application of 20:20:20 complex 1.0 per cent at biweekly interval

(N1C3W)).

Analysis of the data revealed that, in pot planting, there was significant
difference among treatments in the chlorophyll content (a, b and total) of leaves.
Here, the highest value for chlorophyll a (15.44 mg/g) was for the application of
20:20:20 complex 0.5 per cent at biweekly interval (N:C,W2) and the minimum
value (11.56 mg/g) was for the application of 20:20:40 complex 0.5 per cent at
weekly interval (N2C,;W;). In the case of chlorophyll b, application of 20:20:40
complex 0.5 per cent at biweekly interval (N2C,W») recorded the highest value
(6.45 mg/g) and the lowest value (4.11 mg/g) was for the application of 20:20:40



Percentage

NO

N1C1W1

N1C2wW1
N1C2wW2
N1C3W1
N2C1wA1
N2C2w1
N1C2wW?2 ’
N2C3w1
N2C3w2
N3C1wW1
N3C2w1
N3c2w2
N3C3wW1
N3C3w?2
NOCaM

Treatments

Figure 1. Effect of nutrient applications on the N content of
A. andreanum cv. 'Hawaiian Red’ in ground and pot planting
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Figure 2. Effect of nutrient applications on the P content of
A. andreanum cv. 'Hawaiian Red' in ground and pot planting



Table 19. Effect of nutrient applications on the NPK chlorophyll and anthocyanin
contents of A. andreanum cv. ‘Hawaiian Red’ in ground planting

SL.No. Treatment NPK content (%) Chlorophyll content (mg/g) Anthocyanin

content

N P K a b Total (mg/g)

1 No 1.85 0.56 1.63 1245 449 1695 29.15
2 NGW, 1.15 033 163 1359 550 19.08 82.28
3 NiGW, 135 033 1.55 13.46 523 18.69 81.43
4 NCW, 123 0.54 1.70 1137 441 1577 85.68
5 NGW,; 223 055 1.55 1345 5.08 18353 36.75
6 N;C;W, 1.20 0.5 1.75 1130 434 1564 36.45
7 NCiW, 135 055 129 1128 460 1588 66.35
8 N CoW, 090 041 1.60 1255 440 1694 73.65
9 NoCoW-, 1.50 048 1.59 1271 453 1724 70.05
10 No.C3W, 128 0.53 1.76 12.04 459 16.63 38.18
11 NCW; 1.08 0.50 165 13.02 442 1744 40.50
12 N;CiW; 125 042 148 1356 412 17.68 43.13
13 N;CW, 1.40  0.55 1.73 13.65 419 1784 ~<~-$9.03
.14 N3CW, . 1.18 054 1.55 1225 4.62 1627 40.73
15 N;CW, 135 077 1.80 1253 400 1652 40.33
16 N;C:W» 095 0.56 1.79 1265 373 16.89 27.85
17  NoCaM 1.15 044 1.45 1436 435 1871 39.92
18  NoMgM 1.15 046 160 12.06 380 15.86 42.83
19 NoVitM 0.60 0.42 1.53 1339 505 18.44 33.78

CD(0.05) 1706 0175 0453 0913 0911 1.063 3.280
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Table 20. Effect of nutrient applications on the NPK, chlorophyll and anthocyanin
contents of A. andreanum cv. ‘Hawaiian Red’ in pot planting

Si.No. - Treatment NPK content (%) Chlorophyll content (mg/g) Anthocyanin

content

N P K a b ° Total. (mg/g)
1 No 1.70 0.45 1.65 13.39 458 1797 84.18
2  NGW, 338 040 1.78 14.73 6.13 20.86 88.53
3 N,C.W, 2.00 0.48 1.75 13.79 5.18 18.96 93.90
4 N,CW, 3.15 040 1.78 15.44 6.40 21.84 71.75
5 NiGW, 18 062 175 1245 482 1727 54.55
6 NiGW, 1.18 050 1.74 1433 553 19.86 41.28
7 N,CW,; 245 045 175 1162 411 1574 64.88
8  N,C.W, 260 042 185 11.56 455 16.12 77.15
9  NCoW- 3.18 040 180 1392 643 2037 76.23
10 N,C3W, 1L75  0.51 191 13.14 476 1791 42.90
11 NC3W; 1.58 046 1.73 1399 550 19.50 72.78
12 N;C\W, 1.68 048 1.78 1534 577 21.11 67.18
13 N;CW, 163 064 1.81 1381 541 1922 67.35
14 N;CGoW-, 160 047 173 1402 546 1948 41.23
15 N;GW, 168 078 180 1352 452 18.04 44.15
16 N;CsW2 1.58 0.55 1.75 14.76 5.30 20.07 39.33
17 NoCaM 2.13 0.49 1.69 13.68 . 538 19.06 60.43
18 NoMgM  1.23 0.49 1.81 11.76 443 16.19 40.80
19 NeVitM 1.28 043 1.61 12,02 485 16.87 41.35

CD(0.05) 0.543 NS NS 0.896 0988 1.123 3.286

NS - Non significant

e,
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Figure 3. Effect of nutrient applications on the K content of
A. andreanum cv. 'Hawaiian Red’ in ground and pot planting
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Figure 4. Effect of nutrient applications on the chlorophyll content of

A. andreanum cv. 'Hawaiian Red' in ground and pot planting



complex 0.25 per cent at weekly interval (N,C;W). For total chlorophyll content,
the highest value (21.84 mg/g) was f(;r 20:20:20 complex 0.5 per cent at biweekly
interval (N;C,W,) which was on par with the application of 0.25 per cent of
20:20:20 and 20:40:40 complexes at weekly interval and the lowest value (15.74
mg/g) was for 20:20:40 complex 0.25 per cent at weekly interval (N;C,Wh).
Application of Ca, Mg and Vitamin did not produce any significant effect (Table 20

and Fig.4).

-
VL g
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4.1.17  Anthocyanin content of flowers

In ground planting, nutrients made significant effect on the anthocyanin
content (Table 19 and Fig.5). Application of 20:20:20 complex 0.5 per cent at
biweekly interval (N;C,W>) recorded the highest value (85.68) which was on par
with 0.25 per cent at weekly interval of the same complex fertilizer. The lowest

value (29.15) was recorded for control (Np).

In pot planting, the treatments differed significantly with respect to the
anthocyanin content of flowers (Table 20 and Fig.5). Among the treatments,
“application of 20:20:20 complex 0.5 per cent at weekly interval (N,C,W)) recorded
the highest value (93.90 mg/g of flower) which was significantly better than all the
other treatments and the lowest value (39.33 mg/g of flower) was for the application
of 20:40:40 complex 1.0 per cent at biweekly mterval (N3C;W>).

4.1.18  Effect of nutnents on the vase life of flowers

Data presented in Table 22 and Fig.6 reveal the effect of nutrients on the
vase life of flowers with respect to the initiation of spadix necrosis, spathe blueing,
gloss loss and total death in pot planting. The data revealed that nutrients had got

significant effect on the vase life of flowers.
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Figure 6: Effect of nutrients on vase life of A. andreanum



| In the-ca.se of As—pathe blueing the maximum number of days (18.75) was
taken by 20:20:40 complex 0.25 per cent at weekly interval (N>C;W)) which was on
par with the application of 20:40:40 complex 0.5 per cent at weekly interval
(N3C;W)) and the symptoms was first shown (after 12.75 days) by the plants
recetving Mg 0.5 per cent at monthly interval along with control (NoMgM).

Application .vof 20:20:40 complex 0.25 per cent at weekly interval
_ (N2C;W)) took the maximum number of days (19.00) for the spadix gﬁﬁ{?sis to set
in which was on par with the application of 0.5 per cent of the same nutrient at
weekly interval, 0.5 per cent.of 20:40:40 complex at weekly interval and Ca 0.5 per
cent at monthly interval; and control (No) and 20:40:40 complex 1.0 per cent at

weekly interval (N3C3;W,) showed the earliest symptom of spadix necrosis (within
14.25 days).

In the case of gloss loss, the maximum number of days (20.50) was taken
by the plants receiving 20:40:40 complex 0.5 per cent at weekly interval (N3C,W))
which was on par with the application of 20:20:40 complex 0.25 per cent and 0.5
per cent each at weekly interval and the symptom was first shown (within 14.50
days) by the control (No) and it was found on par with the application of 20:40:40

complex 1.0 per cent at weekly interval.

Regarding total death, application of 20:20:20 complex 0.25 per cent at
weekly interval (N,;C,W);) took the maximum number of days (27.50) which was
found to be on par with the application of 0.5 per cent of the same nutrient at weekly
interval and 0.5 per cent of 20:40:40 complex at weekly interval and it was first
shown (after 19.5 days) by the control (No) and 20:40:40 complex 1.0 per cent at
weekly mterval (N3C3W,;). Application of Ca, Mg or vitamin did not produce any
significant effect.



Plate 5. Control (Ny) plants in ground planting

Plate 6. Plants in the treatment which gave maximum vase life to
flowers, produced the highest number of flowers per plant
and showed early flowering (N,C; W)






. Data _pertaining to the vase life of flowers in'.ground planting are
presented in Table 21 and Fig.6 where the nutrients had significant effect on the

vase life and senescence of flowers.

Regarding spadix necrosis, application of 20:20:40 complex 0.25 per cent
at weekly interval (N2C;W)) took the maximum number of days (19.00) and it was
on par with 0.5 per cent of the samé mixture at weekly interval. Treatment of
20:20:40 complex 1.0 per cent at weekly interval (N2C3W1) showed the earliest
symptom (within 11.17 days) which was on par with the higher contentration (0.5
and 1.0 per cent)' of 20:20:40 and 20:40:40 complex. Application of Ca, Mg or
vitamin B, also did not make any added advantage.

In the case of spathe blueing, application of 20:20:40 0.25 per cent at
weekly interval (N2C;W;) delayed the symptom upto 18.67 days and was
statistically better than all the other treatments. Application of Mg 0.5 per cent at
monthly interval along with control (NpMgM) took mmimum number of days
(10.33) for the symptom to appear and it was on par with 1.0 per cent at biweekly
interval of 20:20:40 and 20:40:40.

Application of 20:20:40 complex 1.0 per cent at weekly interval
(N2C3W,) showed the earliest symptom of gloss loss‘(12.67 days) and was on par
with 1.0 per cent at biweekly interval of the same mixture and 20:40:40 complex.
Application of Ca, Mg or Vit. By, along with control did not make any significant
effect. The maximum number of days (20.83) was taken by 20:20:40 complex 0.25
per cent at weekly interval (IN,C{W;) and was on par with 0.5 per cent at weekly

interval of the same complex as well as 20:20:20 complex.

With respect to the total death of flowers, application of 20:20:40
complex 1.0 per cent at weekly interval (N.C3W;) much delayed the symptom (upto

~y



Table 21. Effect of nutrients on the vaselife of flowers of A. andreanum cv.
‘Hawaiian Red’ in ground planting

Days to Days to Days to - Days to
SI.No. Treatment spadix spathe blueing gloss loss total death
Necrosis
1 No 15.00 12.67 17.00 21.33
2 NiCW, 16.00 14.25 16.67 24.67
3 NiCW, 16.17 15.50 20.83 24.67
4 NC;W> 14.67 12.83 14.83 22.67
5 NiGW, 13.50 12.83 16.33 - 24.00
6 NICW: 13.00 11.83 15.33 21.00
7 N.CIW, 19.00 18.67 20.83 25.17
g8  N.C;W 18.17 16.83 20.67 25.67
9 NoCW, 14.67 13.67 16.67 19.67
10 N.C3W, 11.17 11.83 12.67 27.67 -
1T NoC;W2 11.50 11.00 13.83 22.33
12 N:C,W, 14.00 13.18 16.17 2417
13 N:CW, 14.83 15.67 18.50 21.67
14  N;C,W2 12.00 12.67 15.67 25.83
15 NiC;W; 12.33 11.17 15.67 20.33
16 N;C;W2 11.50 10.83 13.17 18.33
17  NoCaM 11.83 12.00 15.00 22.33
18  NoMgM- 11.17 10.33 14.17 18.67
19 NpVitM 15.00 13.83 15.67 21.83
CD(0.05) 1.351 1.088 1.631 2.141

T e



Table 22. Effect of nutrients on the vaselife of flowers of A. andreanum cv.
‘Hawaiian Red’ in pot planting

Days to Days to Days to Days to
SLNo. Treatment spadix spathe blueing gloss loss total death
necrosis

1 No 14.25 13.50 14.50 19.50
2 NiCiW, 17.09 16.00 18.00 23.84
3 NGCWr 16.50 15.50 16,75 24.75
4 N,CW, 17.00 15.50 18.00 24.50
5 NiGW, 17.50 16.95 18.00 23.00
6 NC:W, 16.75 16.00 17.25 21.50
7 N.CiW, 19.00 18.75 19.50 27.50
8  NCW, 18.50 16.75 20.25 25.50
9 N;CoW; 17.25 14.75 19.25 23.00
10 N,C3W, 15.50 13.77 18.25 20.50
11 N.CsW- 16.00 14.75 ' 18.25 - 21.50
12 N;C\W, 16.00 14.25 16.25 20.00
13 NiCW, 18.00 17.25 20.50 26.50
14 N:CW3 - 15.84 15.42 17.59 21.59
15 N;C;W, 14.25 13.25 15.25 19.50
16 N3C;W2 17.00 14,25 19.25 21.00
17 NpyCaM 17.75 15.50 18.75 24.50
18 NoMgM 15.50 12.75 17.50 20.50
19 - NoVitM - 16.50 16.00 18.50 23.50

CD(0.05) 1.276 1.576 1.344 2.260




27.67 days) and application of 20:40:40 complex 1.0 per cent at biweekly interval
(N3C3W,) took the lowest number of days (18.33) and was on par with 1.0 per cent
at weekly interval of the same treatment. Application of Ca, Mg or Vit. By2 did not

make any significant effect.

4.2 Effect of growth regulators on plant characters
4.2.1 Plant height

In ground planting plant height differed significantly among treatments in
the 4th, Sth, 6th, 7th and 8th months. In the 4th, 7th and 8th months; “application of
BA 500 ppm (G;C:;M) recorded the highest value for height (5.97 cm, 7.90 cm and
8.40 cm, respectively) which was on par with BA 1000 ppm (G;CsM) and lower
concentrations (250 and 500 ppm) of combined application of BA and GA. During
5th and 6th months, application of BA and GA 500 ppm each at monthly interval
[(G1+G2)C2M] recorded highest value for height (6.70 cm and 7.13 c¢m respectively)
which was on par with the different concentratons of BA (Table 23). In all the
months, application of GA 1000 ppm at monthly interval (G,CsM) recorded the
lowest value for height (4.7 cm, 497 cm, 5.33 c¢m, 557 cm and 5.73cm

respectively) and it was inferior to all the other treatments.

Data pertz;injng to plant height in pot plants are presented in Table 24.

Statistical analysis revealed that growth regulators had significant effect or plant

height in 6th, 7th and 8th months. Combined application of BA and GA 250 ppm,

-edch, [(G) + G2)CaM] resulted in the highest values for height in all the three
months (7.37 cm, 7.83 cm and 8.17 cm, respectively) which was on par with 500

ppm of BA. The minimum height, in all the three months was recorded by the

plants receiving BA 1000 ppm 1e., GiCM (5.07 cm, 540 cm and 5.63 cm,

respectively) and it was on par with GA 1000 ppm (G2C3M) and control (Np), but

control was superior to it in the last month.



Table 23. Effect of growth regulators on plant height (cm) of A. andreanum cv.
‘Hawaiian Red’ in ground planting

SI.No. Treatment Month
1 2 3 4 5 6 7 8
1 No 4.43 480 5.13 5.80 6.23 6.63 6.93 740
2 GCM 4.13 4.57 5.27 5.97 6.67 713 790 840
3 GICM 4.50 483 5.17 5.63 5.90 6.37 6.53 6.67
4 GCM 387 4.17 4,67 5.00 5.50 5.93 6.17 643
5 G,CM 3.63 3.97 427 4.70 497 5.33 5.57 573
6 (G+G)CIM 443 487 5.33 5.77 6.33 6.90 723 7.60
7 (GH+G)C:M 417 4.80 5.20 5.77 6.70 7.13 7.57 803

CD(0.05) NS NS NS 0.751 0.742 0.589 0.494 0.691

NS - Non significant

Table 24. Effect of growth regulators on plant height (¢cm) of A. andreanum cv.
"Hawaiian Red’ in pot planting

S1No. Treatment ’ Month

1 2 3 4 5 6 7 8
1 No 400 440 483 520 560 597 647 7.03
2 GCM 387 463 543 587 643 703 750 8.03
3 GiGM. -- 3.67 403 430 457 487 507 540 563
4 GCM 427 467 503 550 590 630 673 6.87
5 G,CM 450 473 503 537 567 593 607 6.23
6 (G+G))CIM 460 523 610 653 697 737 783 8.17
7 (Gi+G)C:2M 453 483 540 570 620 687 730 7.87

CD(0.05) - NS NS NS NS NS 1.225 1.135 1.094

NS - Non significant



422 Plant spread - EW

" Growth regulators had significant effect on plant spread (EW) in ground
planting in the first 4 months. In all the four months, application GA and BA 250
ppm each [(G; + G2)CiM]recorded maximum spread with a value of 41.23 cm in
the 4th month and it was on par with control and lower concentrations of BA and
GA. Application'of GA 1000 ppm (G2C3M) caused the lowest spread in all the
months with a value of 32.20 cm in the 4th month and it was on par with BA 1000
ppm and (BA + GA) 500 ppm. The details are given in Table 25.

In pot planting, the EW spread did not differ signiﬁcaxit’i;:mong the
treatments in any of the months (Table 26). For all the treatments, hgihest spread
' wés recorded in the 6th month. Application of growth regulators decreased the
spread than in control. In the 6th months, control (Ng) had the highest value for
spread - EW - (44.20 cm) and the lowest value (37.40 cm) was recorded by the
plants sprayed with GA 500 ppm at monthly interval (G,C:M). |

423  Plant spread - NS

, In ground plants, all the treatments were on par, with respect to NS
spread. The highest value for plant spread for all the treatments were recorded in the
6th month after which it started declining slowly. In the 6th months application of
BA 500 ppm (G;C;M) caused maximum spread (39.60 cm) and BA 100 ppm
(Gi1CsM) and GA 1000 ppm (G2C3sM) caused the least spread (37.20 cm each). The
data are presented n Table 27.

The treatments did not differ significantly with regard to NS spread in pot
plants also @able 28). The spread, in all the treatments increased steadily upto the
6th month and then showed a slow decline. In the 6th month, plants sprayed with



Table 25. Effect of growth regulators on plant spread-EW (cm) of A. andreanum
cv. 'Hawaiian Red’ in ground planting '

SI.No. Treatment Month
1 2 3 4 5 6 7 8
1 No 2923 32.77 3500 3923 3600 3457 3267 29.70
2 GICM 31.00 36.13 3790 3790 3990 39.80 3943 39.57
3 GiCG:M 2597 2947 3257 34.57 3930 37.67 3400 28.77
4 GCM 3043 3290 3533 3623 4037 3757 34.03 28.77
5 GCM 24.57 2920 3123 3220 4010 3833 2957 2403
6 (G+G)CiM 3233  36.23 39.00 41.23 4210 3857 3437 3223
7 (G+G))C M 27.23 31.23  33.67 3570 40.47 3870 4077 3890

€D(0.05) 3.793 4.563 4372 4920 NS NS NS NS

NS - Non significant

Table 26. Effect of growth regulators on plant spread-EW (cm) of A. andreanum
cv. "Hawaiian Red’ in pot planting '

SL.No. Treatment Month

1 2 3 4 5 6 1 8
1 No 2777 31.67 3343 3377 3323 4423 34.00 33.47
2 GICM 28.00 3210 3480 31.13 2990 4077 31.03 27.00
3 GGM 2420 2857 3070 3323 3433 3857 3133 2437
4 GCM -- 19.53 2287 2543 2823 2977 3743 26.23 2347
5 GCM 23.57 2757 3143 3323 3553 3800 3277 31.70
6 (Gi+G)C:M 19.53 2347 2643 2947 30.67 4167 33.10 31.33
7 (GtG)C:M 2430 2743 2853 3113 3270 4237 3343 30.57

CD(0.05) NS NS NS NS NS NS NS NS

NS - Non significant




Table 27. Effect of growth regulators on plant spread-NS (cm) of A. andreanum cv.
"Hawaiian Red’ in ground planting

SI.No. Treatment Month

1 2 3 4 5. 6 7 8

1 No 2777 29.00 31.97 3490 3377 3747 32.87 2733
2 GiC:M 26.10 3143 3413 3643 3813 3953 3523 33.13
3 GCM 2420 2833 3057 3253 3833 3723 3147 29.33
4 GCM 2833 3237 3487 3920 3547 3810 3077 26.80
5 Gy,CsM 24.57 2847 3177 3513 3777 3723 31.00 31.77
6 (Gi+G)CiM 3023 3457 3747 39.00 3800 37.77 3557 31.87
7 (GH+G2)CM 2690 29.67 33.67 36.53 3610 38.67 34.57 27.57
CD(0.05) NS NS NS NS NS NS NS NS

NS - Non significant

Table 28. Effect of growth regulators on plant spread-NS (cm) of A. andreanum cv.
‘Hawaiian Red’ in pot planting

SlI.No. Treatment Month
1 2 3 4 5 6 7 8
1 No 2530 28.77 31.00 33.10 3467 3890 3 1.43 25.57
2 GiCGM 2337 28.23 3077 31.80 3513 3870 3177 30.10
3 GGM 23.00 2833 3037 3200 3513 3933 2867 2267
4 GCM 23.67 2850 30.10 2957 3457 3690 2610 1947
S GCM - 2267 27.13 2997 3243 3233 3900 2943 27.10
6 (G+Gy))CIM 2400 29.10 31.57 3257 33.48 4210 31.57 2590
7 (Gi+G)CoM 2047  24.67 2790 31.10 3037 4020 34.77 30.57

CD(0.05) NS NS NS NS NS NS NS NS

NS - Non significant



BA + GA 250 ppm each [(G; + G2)CiM] recorded the maximum spread (42.10 cm)
and those with GA 500 ppm (G2C;M) recorded the minimum spread (36.90 cm).

424 Number of leaves/plant

Data pertaining to the effect of growth regulators on the number of
leaves/plant in ground planting are given in Table 29. The data revealed that there
were significant differences among treatments with regard to the number of
leaves/plant in the 6th and 8th months. In the 6th month plants sprayed with BA 500
ppm (G,C2M) recorded the maximum number of leaves/plant (7.33) which was
| significantly better than all the other growth regulators. Application of (JA 500 ppm
(G2C2M) recorded the lowest value (4.33) and it was on par with the other grow
regulators. In the 8th month-also, BA 500 ppm (G,C;M) recorded the maximum
value (6.33) which was on par with BA 1000 ppm. Lowest value (2.67) was
recorded by GA 1000 ppm (G>C;M) and it was on par with BA 1000 ppm, GA 500
ppm and the combinations of BA and GA each at 500 ppm.

In pots, all the treatments were on par during the period of the
experiment. The number of leaves/plant increased upto the 5th month and then
declined slowly. In the 5th month, BA + GA 250 ppm [(G,+G2)C1M]recorded the
maximum number of leaves/plant (8.1) and the minimum value (5.5) was for GA

1000 ppm (G2C3M). The data are presented in Table 30.

425  Leaflength

Application of growth regulators decreased Ieaf length both in ground and
pot planting. The effect was significant in ground planting only in the 7th month.
During the other months, all the treatments were on par. In the 7th month,
application of GA 1000 ppm (G,C3M) recorded the lowest leaf length (10.89 cm)



Table 29. Effect of growth regulators on number of leaves per plant of

= D,

A. andreanum cv. ‘Hawaiian Red’ in ground planting

S1.No. Treatment - Month
1 2 3 4 s 6 7 8

1 No 467 499 543 567 590 567 500 400
2 G,CM 567 633 667 710 743 733 687 633
3 G,CM 477 520 S67 600 653 533 523 447
4 G,CM 500 533 590 580 567 433 370 280
5 G,CM 510 567 610 620 623 523 400 2.67
6 (GHG)C:M 457 490 533 553 587 533 480 4.00
7 (G+G)CM 490 557 600 643 643 557 477 3.77

CD(0.05) NS NS NS NS NS 1589 NS 2023

NS - Non significant

Table 30. Effect of growth regulators on number of leaves per plant of

A. andreanum cv. ‘Hawaiian Red’ pot planting

S1.No. Treatment Month
] 2 3 4 5 6 7 8
1 No 433 480 533 567 600 533 523 457
2 GCM 443 480 543 580 620 577 553 477
3 G,CM 433 487 557 597 610 447 433 337
4 G,C:M 497 543 587 577 590 567 4.00 3.10
5 GCM — 433 503 533 577 547 467 433 290
6 (G+G))CIM 570 610 670 723 813 687 590 457
7 (G+G))C:M 5.10 557 610 643 643 567 610 5.00
CD(0.05) NS NS NS NS ‘NS NS NS NS

NS - Non significant

S~



“Table 31. Effect of growth Tégulators on leaf length (cm) of A. andreanum cv.

‘Hawaiian Red’ in ground planting

SI.No. Treatment Month
1 2 3 4 5 6 7 8
1 No 861 1028 11.72 13.33 15.11 1433 13.66 13.44
2 G,CGM 845 1044 1245 13.56 1489 15.78 13.11 13.00
3 GGCGM 8.33 972 1189 13.00 1444 13.56° 1200 12.11
4 GCM 989 11.67 1333 1456 1589 1578 13.11 1128
5 G,CM 7.89 9.56 1089 1200 1333 1422 1089 1144
6 (G+G)C;M 1056 1245 1433 1622 17.56 1689 13.00 12.67
7 (Gi+G))C:M 944 1056 1278 1422 1511 15.67 1256 1278
CD(0.05) NS NS NS NS NS NS 1.674 NS

NS - Non significant

Table 32. Effect of growth regulators on leaf length (cm) of A. andreanum cv.
"Hawaiian Red’ in pot planting

S1.No. Trgatment Month
1 2 3 4 5 6 7 8
1 No 717 8.22 984 11.11 1233 1578 13.78 13.89
2 G CM 7.78 8.89 1022 11.78 1322 1544 13.22 13.78
3 GiGM 7.67 900 1022 1156 1289 1400 1233 11.89
4 GCM 7.00 8.00 922 1078 11.67 1378 11.22 10.11
5 GCM 7.22 8.11 967 1056 1178 1522 11.00 10.67
6 (GHG)CM  7.56 922 1033 11.00 1211 1444 11.89 1144
7 (G+G)C;M 6.89 8.55 9.66 1089 1189 13.78 11.89 12.84
CD(0.05) NS NS NS NS NS NS NS 2.632

NS - Non significant



and all the other treatments were significantly better than this. Control (No) recorded
the highest leaf length (13.66 cm) which was on par with all the treatments except

GA 1000 ppm (Table 31).

In pot, growth regulators made significant effect on leaf lengi éhly in the
8th month (Table 32). The lowest leaf length (10.11) was for GA 500 ppm (G,C:M)
which was on par with GA 1000 ppm (G;C;M) and BA 1000 ppm (GiCsM).
Control (No) recorded the maximum leaf length (13.89 cm) which was on par with
BA 500 ppm and combinations of BA and GA at 500 ppm each.

426 - Leafbreadth

Data pertaining to leaf breadth ‘in ground planting taken at monthly
interval are presented in Table 33. Leaf breadth differed significantly among
treatments in the 3rd and 7th months due to the effect of growth regulators. In the
3rd month, application of a combination of BA and GA 250 ppm [(G1+Gz)CiM]
each produced the broadest leaves (9.44 ¢m) which was on par with all the other
treatments except GA 1000 ppm (G2C;M) which recorded the least breadth (7.56
cm). In the 7th month, BA 500 ppm (G,C;M) recorded maximum breadth (9.78 cm)
which was on par with all the concentrations of BA, GA and their combinations

except GA-1000 ppm which recorded the lowest breadth (7.78 cm) and was infertor

to all the other treatments.

Growth regulators made significant effect on leaf breadth in pot plants in
the 8th month only (Table 34). Here also, application ?f growth regulators decreased
the leaf breadth. Application of GA 500 ppm (G.CzM) recorded the lowest breadth
(7.33 cm) which was on par with GA 1000 ppm, BA 1000 ppm and different
concentrations (250 and 500 ppm) of BA + GA. Control (Ny) recorded the highest
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Table 33. Effect of growth regulators on leaf breadth (cm) of 4. andreanum cv.

"Hawaiian Red’ in ground planting

SI.No. Treatment Month
1 2 3 4 5 6 7 8
1 WNo 6.44 7.33 8.00 9.00 10.00 989 1000 972
2 GIC:M 6.11 7.33 8.45 944 1033 1122 978 9.61
3 GICGM 6.11 7.11 8.67 9.00 10.00 989 .933 895
4 G,CM 7.33 8.00 9.22 967 1033 1033 922 789
5 G.CiM 5.78 6.11 7.56 8.33 9.67 9.67 778 8.11
6 (G+G)CiIM 7.33 8.55 944 10.00 10','22 10.67 900 8.55
7 (G+G))C:M 6.78 7.78 9.11 9.78 101178 10.56 945 894
CD(0.05) NS NS 1.23]1 NS NS NS 1.212 NS

NS - Non significant

Table 34. Effect of growth regulators on leaf breadth (cm) of A. andreanum cv.
"Hawaiian Red’ in pot planting

S1.No. Treatment Month
1 2 3 4 5 6 7 8
1 No 5.67 6.66 7.50 8.06 867 11.00 9.66 9.89
2 GCM 6.00 7.33 8.00 8.44 911 10.56 955 9289
3 GGCM . 6.22 7.22 7.89 8.44 8.89 10.56 933 8.78
4 G,CM 5.11 6.11 7.11 7.78 8.33 9.89 789 733
5 GGCM 5.89 6.55 7.44 8.11 8.78 10.00 822 767
6 (G+G)CIM 534 6.89 7.34 7.67 8.33 1044 845 B8.39
7 (G+G)CM 5.1 656 722 789 867 989 900 894
CD(0.05) NS NS NS NS NS NS NS 1.687

NS - Non significant




breadth (9.89 cm) which was on par with the different concentrations of BA and

combinations of BA and GA.

427 Leaf area

-
T g

In groufid planting leaf area differed significantly among treatments only
in the 7th month and during the rest of the period, all of them were on paf. Leaf area
did not increase by the application of growth regulators. In the 7th month, control
(No) recorded the maximum leaf area (98.38 cm®) which was on par with all the
other treatments except GA 1000 ppm (G,C3M) which had the lowest leaf area
(61.68 cm”). The details are given in Table 35 and Fig:7.

The data for pot plants (Table 36 and Fig.7) show that the leaf area do not
differ significantly between treatments upto the 7th monflz. But in the 8th month,
there was notable difference in leaf area where, control (No) had the highest leaf
area (99.36 cm®) which was on par with the combined application of BA and GA
while the minimum leaf area (53.91 cm®) was for the application of GA 500 ppm
(G2CaM) which was on par with GA 1000 ppm (G2C;M) and BA 1000 ppm
(GiCsM).

428 Days to flower

The effect of growth regulators on the number of days to flower in ground
plants is evident from Table 37. The data show .that, there is no significant
diﬁ‘erepce among treatments with respect to days to flower. The lowest number of
days was taken by BA 1000 ppm i.e., GiC3M (34.67) and highest number of days
(79.33) was taken by GA 1000 ppm (GsCsM).

P
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Table 35. Effect of growth regulators on leaf area (cmz) of A. andreanum cv.

'Hawaiian Red’ in ground planting

S1.No. Treatment Month
1 2 3 4 5 6 7 8
I No 4092 56.55 70.03 8787 109.60 101.98 9838 94.09
2 G CM 3840 56.23 7664 9333 111.95 12895 9268 90.28
3 GIGM 3826 5099 75.12 8510 10504 96.58 81.39 7898
4 GCM 53.00 6890 89.51 101.53 118.85 119.16 89.09 66.07
5 GCM 3260 41.73 5939 71.97 9258 9961 61.68 6500
6 (Gi+G)CiM 5729 77.54 9823 11730 129.62 129.85 84.51 78.06
7 (GiHG))CoM 46.03  59.41 84.. 12 10026 117.53 120.01 85.79 76.53
CD(0.05) NS NS NS NS NS NS 1996 NS

NS - Non significant

Table 36. Effect of growth regulators on leaf area (cm;) of A. andreanum cv.
‘Hawaiian Red’ in pot planting

S1.No. Treatment Month
1 2 3 4 5 6 7 8
1 No 2926 2962 5392 6563 7723 12640 9538 9936
2 GiC:M 33.89 4750 5945 7233 8742 118.06 91.27 98.81
3 GCM 5446 46.83 58.17 7037 8256 107.53 8349 75.78
4 G2C2M 26.54 3566 4779 6059 79.19 98.13 6439 5391
5 G,CM 3143 3885 5245 6266 7555 11062 6574 6024
6 (GiHG))CiIM 2941 4547 5433 60.67 72.63 10881 7283 69.30
7 (G+G)C:M  25.71  40.39  50.28 62.13 7446 9813 77.50 83.26
CD(05) NS NS NS NS NS NS NS 2998

NS - Non signiﬁcant



In pot also, there was no significant difference between treatments in the
number of days to flower (Table 38). Here the range was from 31.33 days for
control (No) to 77.67 days for BA 500 ppm (G,C:M).

" 429 Number of flowers/plant

T e

-

In ground planting the number of flowers/plant did not differ significantly
. among treatments (Table §7) Application of BA + GA 250 ppm each
[(G1+G2)CiM] produced the highest number of flowers/plant (2.34) and control
(No) plants the lowest number of flowers/plant (1.00).

‘ In pot planting also, there was no significant difference in the number of
flowers/plant. Plants receiving BA 500 ppm (G,C2M), GA 1000 ppm (G2C3M) and
BA + GA 500 ppm [(G1+G2)C2M] produced the highest number of flowers/plant
(1.78 each) while the applicatioﬁ of GA 500 ppm (G2C:M) produced the lowest
number of flowers/plant (0.33). The details are available in Table 38.

42.10 Interval of flower production

The number of days taken for the successive flowers to appear in ground
planting did not differ significantly among treatments. Control (No} had the lowest
interval (25.17 days) whereas GA 1000 ppm (G:C3M) had the highest interval
(37.44 days). The data are presented in Table 37.

Table 38 gives the details of the interval of flower production in pot
plants. Here also, there is no significant difference among treatments. The interval
ranged from 31.50 days for the combined application of BA and GA 250ppm each
((G1+G2)CiM] ta 37.00 days for GA 1000 ppm (G2C;M). '




Table 37. Effect of growth regulators on flowering and flower characters of A.
andreanum cv. 'Hawaiian Red’ in ground planting

SI.  Treatments Days to No.of Interval . Stalk Spathe Spadix
No. flower flowers offlower length length length
per plant production (cm) (cm)  (cm)
(days)
1 No 67.00 1.003 25.17 2033 8.83 3.00
2 GCM 50.33 2.00 35.11 19.17 733 241
3 GiGM 34.67 1.89 3467 2292 875 2.92
4 G,C:M 39.33 1.22 33.5 2275 8.33 3.08
5 G.C:M 79.33 1.44 3744 1733 7.67 2.55
6 (Gi+G)CiM 39.00 2.34 36.00 1802 6.53 2.62
7 (G+G)CM 63.67 1.78 33.00 20.17 6.08 2.77
CD(0.05) NS NS NS NS NS NS

NS - Non significant

Table 38. Effect of growth regulators on flowering and flower characters of A.
. andreanum cv. "Hawaiian Red’ in pot planting

SI. Treatments Days to No.of Interval  Stalk Spathe Spadix
No. flower flowers of flower length length length
perplant production (cm) (cm) (cm)
(days)

1 No 31.33 1.55 25.17 18.75 9.00 2.92

2 GCM 77.67 1.78 35.11 17.89 7.06 232

3 GGCGM 43.33 1.11 3467 1992 6.60 2.58

4 G,C:M . 46.67 0.33 22.33 11.67 5.33 1.17

5 GCM 49.33 1.78 37.44 17.83 6.67 2.32

6 (Gi+G)CiM ©71.00 1.10 36.00 1622 6.56 222

7 (Gi+G))CM 66.33 1.78 33.00 1739 633 2.28

CD(0.05) . .. _. NS NS NS NS NS NS

NS - Non significant



42.11  Stalk length

In ground as well as pot planting, there is no significant difference in stalk
length among different treatments. In ground, the longest stalk (22.92 cm) was for
the application of BA 1000 ppm (G;C3M) and plants sprayed with GA 1000 ppm
(G2C3M) had the shortest stalk (17.33 cm). The data are presented in Table 37.

RO Nl

In pot plants, control (Np) was having the longest stalk ( 18.75 c¢m) and
application of GA 500 ppm (G,C2M) recorded the shortest (11.67 cm) stalk length

(Table 38).
4212  Spathe and spadix length

In ground plants, different growth regulators did not produce any
signiﬁcant effect on the spathe size or spadix length (Table 37). Control (Np) had
the longest spathe (8.83 ¢m) and BA + GA 500 ppm each {(G1+G2)C;M] had the
shortest spathe (6.08 cm). In the case of spadix length highest value (3.08cm) was
for GA 500 ppm (G2C;M) and lowest (2.41cm) for BA 500 ppm (G,C:M).

In plants maintained in pots also, the response of growth regulators was

stmilar to that of ground planting (Table 38).

The highest spathe size (9.00 cm) was for control (Np) and, GA 500 ppm
(G2C2M) had the lowest value (5.33 cm). With regard to spadix length, control (INp)
had the highest length (2.92 cm) and GA 500 ppm (G,C;M) had the lowest length

(1.17 cm).
4.2.13  Interval of leaf production

Number of days taken for the successive leaves to appear on the same
plant do not differ significantly among the treatments in ground as well as pot
planting. In ground plants, the lowest interval (35.33 days) was recorded for the
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application of BA + GA 250 ppm each [(Gi1+G)CiM] and the highest interval
(36.78 days) was recorded for control (Ng). The data are presented in Table 39.

The data for pot plants are presented in Table 40. Where the interval of
leaf production ranged from 34.67 days for the plants receiving BA + GA 500 ppm,
each, [(G1+G2)C2M] to 37.75 days for control (Np).

- .—;_-.N,«.i.o

4214 Number, of suckers/plant

Growth regulator; msigniﬁcantly influenced the number of suckers
produced per plant in ground planting. Their effects were significant from the fourth
month onwards (Table 39 and Fig.8). In all the months (4th, Sth, 6th, 7th and 8th),
the highest number of suckers was produced by the plants receiving GA 1000 ppm
at monthly interval (G2C3M) which was on par with application of BA 1000 ppm
(GiCs3M), combination of BA and GA at 250 and 500 ppm each. The highest
number of suckers per plant for all the treatments was produced in the 8th month
with a maximum value of 3.00 for the plants receiving GA 1000 ppm at monthly
interval (G2C3M). Control (No) produced no suckers at all and it was inferior to all

the others.

In pot planting also, the effect of growth .‘regulators on the number of
suckers per plant was significant from the 6th month éﬁwards. The maximum value
was recorded in the 8th month for all the treatment. Among them, application of GA
1000 ppm (G2C3M) produced the highest number (3.50) of suckers per plant which
was on par with the application of BA 1000ppm whereas no sucker was produced

in control (Ng). The data are presented in Table 40 and Fig.8.



Table 39. Effect of growth regulators on the number of suckers per_plant and
interval of leaf production of A. andreanum cv. "Hawaiian Red’ in ground planting

Sl. Treatment S Month Interval of
No. : leaf pro-
1 2 3 4 S 6 7 8 duction

(days)

1 No 000 000 0.00 0.00 0.00 0.00 0.00 0.00 36.78
2 GCM 022 022 022 022 0.22 0.44 1.28 2.00 35.67
3 GC:M 000 000 033 033 -050 1.67 200 3.00 3594
4 GC-M .11 022 022 022 133 1.84 200 200 3583
5 G.CM 0.00. 000 000 1.67 2.00 2.00 3.00 3.00 3643
6 (G+G)CM 033 033 067 067 1.00 2.00 2.00 250 35.33
7 (G+G)C;M 000 000 0.50 1.00 1.84 1.84 200 250 3578

CD(0.05) . NS NS NS 0871 0761 0.887 0.353 1.064 NS

NS - Non significant

Table 40. Effect of growth regulators on the number of suckers per plant and
mterval of leaf production of A. andreanum cv. "Hawaiian Red’ in pot planting

SI. Treatment Month Interval of
No. leaf pro-
1 2 3 4 5 . 6 7 8 duction

(days)

1 No 0.00 0.00 000 0.00 000 000 0.00 000 3775
2 GICM 0.00 000 017 0.17 0.17 0.17 0.17 0.17 3694
3 GiCGM 034 034 034 050 100 150 250 275 3733
4 GCM 033 033 033 033 0.50 0.50 1.50 1.50 3744
S GCM - - 050 050 050 0.50 1.50 200 250 3.50 36.67
6 (G +HG)CiM 0.50 0.50 0.67 1.17 1.17 1.50 200 200 3578
7 (G+G)C;M 000 000 050  1.00 1.00 2.00 2.00 2.00 3467

CD(0.05) NS NS NS NS NS 1.670 1437 1341 NS

NS - Non significant

[aY



Plate 7. Plants treated with GA 1000ppm (G,C;M) which produced
the highest number of suckers per plant

ey

Plate 8. Plants in the treatment with combination of BA and GA
500ppm, each [(G;+G,)C,M] which were on par with GA

1000ppm :






42.15 Leafnutrient content

In ground planting, the treatments differed significantly in the content of
N,P and K (Table 41). The highest value for N content (1.85 per cent) was
recorded for control (No) which was on par with the application of BA 500 ppm
(GIC2M). Application of GA 1000 ppm (G2C3M) recorded the lowest value (1.15
per cent) which was on par with all the other growth regulators except BA 500
ppm. For P content, control (NO) recorded the highest value (0.56 per cent) which
was on par with 'all the other treatments except GA 1000 ppm (G2C3M) which
recorded the lowest value (0.40 per cent). Regarding K content, the highest value of
1.79 per cent was for the combined application of BA and GA 250 ppm, each,
[(G,-K}2)C,M] which was on par with the ether treatments except 500 ppm each of
the combination of BA and GA [(G|-KJ2)C2M] which recorded the lowest value of

1 60 per cent.

In pot planting, growth regulators failed to make any significant effect on

the NPK content of leaves (Table 42). i.e., all the treatments were on par with

respect to their contents.
4.2.16  Chlorophyll content

Data pertaining to chlorophyll (a, b and total) content of ground plants are
given in Table 41 and Fig.9. There was significant difference among the treatments
with respect to the chlorophyll content. For chlorophyll a, application of GA 500
ppm (G2C2M), recorded the highest value (15.45 mg/g) which was significantly
better than all the other treatments. The lowest value (9.76 mg/g) was for the
combined application of BA and GA each at 500 ppm, [(Gi+G2)C2M] which was
inferior to all the other treatments. In the case of chlorophyll b content also, plants

receiving GA 500 ppm (G2C2M) recorded the highest value (6.62 mg/g) and was



Plate 9 A general view ofthe field eight months after planting

Plate 10. Plants in the treatment with 20:20:20 complex 0.50 per
at biweekly interval (N1IC2W2)






significantly better than others. The lowest chlorophyll b content (3.63 mg/g) was
for the combined -application of BA and GA 500 ppm, each [(Gi+G2)C;M]. With
respect to the total chlorophyll, the highest content (22.06 mg/g) was recorded by
the plants sprayed with GA 500 ppm (G;C;M) and the lowest content (13.36 mg/g)
was for the combination of BA and GA each at 500 ppm, [(G,+G;)C2M] and it was

infenor to all the other treatments.

In pot planting, there was significant difference among treatments with
respect to the chlorophyll (a, b and total) content of leaves (Table 42 2ad-Fig.9). In
the case of chlorc;phyll a, combined application of BA and GA 250 ppm each
[(G1+G2)CiM] recorded the highest content (15.48 mg/g) which was significantly
better than all the other treatments and the lowest content (11.25 mg/g) was for the
plants receiving GA 1000 ppm (G2C3M) and it was found to be infermito all the
other treatments. Contents of chlorophyll b and total chlorophyll were also the
highest (5.80 mg/g and 21.27 mg/g respectively) in the case of combined
application of BA and GA 250 ppm each [(G1+G2)CiM] and it was significantly
better than all the other treatments. The lowest content of chlorophyll b (4.32 mg/g)
was for GA 500 ppm (G2C2M) and that of total chlofophyll (16.07 mg/g) was for
the application of GA 1000 ppm at monthly interval (G,C;M).

4.2.17  Anthocyanin content of flowers

In ground planting, the treatments differed significantly in the
anthocyanin content (Table 41 and Fig.10). The highest value (67.88 mg/g) was for
the combined application of BA and GA 500 ppm [(G1+G2)CoM] each and the
lowest value (29.15 mg/g) was for control (Np) which was inferior to all the other

treatments.



Table 41. Effect of growth regulators on the NPK, chlorophyll and anthocyanin
contents of A. andreanum cv. 'Hawaiian Red’ in ground planting

-

S1.No. Treatment NPK content (%) Chlorophyll content (mg/g) Anthocyanin

o content

N P K a b Total (mg/g)

1 No 1.85 0.56 1.63 1245 449 1695 29.15

2 GCM 1.45 0.45 1.69 11.71 5.17 16.37 59.75

3 GGM 1.35 0.53 1.70 12.57 482 1739 61.45

4 GCM 1.18 0.48 1.69 1545 6.62 22.06 63.25

5 GCM 1.15 0.40 1.61 12.64 440 1704 53.85

6 (G+G)CiM 1.28 0.55 1.79 11.19 421 1591 62.88

7 (G1+Gp)CM 1.20 0.48 1.60 9.76 3.63 13.36 67.88
CD(0.05) 0.427 0200 0507 1237 1.063 1.723 3.991

Table 42. Effect of growth regulators on the NPK, chlorophyll and anthocyanin
contents of A. andreanum cv. 'Hawaiian Red’ in pot planting

’

SI.No. Treatment NPK content (%) Chlorophyll content (mg/g)  Anthocyanin

content

N P K a b Total (mg/g)

1 No 170 045 165 1339 458 1797 84.18
2 GIC:M 170 046 178 13.66 554 19.20 66.73
3 GICM 175 049 165 1287 4.42 1729 62.83
4 G,CM 145 040 166 1271 432 17.04- 67.93
5 GC:M 1.68 046 178 1125 483 1607 56.23
6 (G+G;)CIM 1.78 048 180 1548 479 21.27 67.20
7 (GHG)C:M 145 048 173 1231 455 16.86 70.23
CD(.05). ~ . NS NS NS 099 NS L1173 4.170

NS - Non significant
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Application of growth regulators decreased the anthocyanin content 1n pot
planting’ (Table 42 and Fig.10). and they were not statistically significant. The
highest value (84.18 mg/g) was recorded for control (No) whidh was significantly
better than all the other treatments and the lowest value (56.23 mg/g) was for GA
1000 ppm (G2C3M) and it was inferior to all the other treatments.

42.18 Vase life of flowers

Application of growth regulators increased the vase life of flowers over
control in ground as well as pot planting. The data regarding the vase life of flowers
in ground planting are presented in Table 43 and Fig.11. Here, growth regulators

significantly influenced the vase life of flowers.

Plants receiving BA 1000 ppm at monthly interval (G;C3;M) showed the
symptom of spadix necrosis only after 20.67 days and those receiving GA 500 ppm
(G2C2M) were first to show the symptom (after 12.67 days).

The highest number of days for spathe blueing to set in (20.33) was taken
by plants receiving BA 1000 ppm (G;CsM) and the minimum number of days
(10.67) was taken by the palnts sprayed with GA 500 ppm (G.C;M).

In the case of gloss loss, combined application of BA and GA at 500 ppm,
each [(G,+G2)CaM] took the highest number of days for the symptom to begin
(24.67) and application of GA 500 ppm (G2C;M) took the lowest number of days

(15.33 days).

Regarding total vase life of flowers, plants receiving BA 500 ppm
(G1C;M) showed the highest total vase life (34.56 days) and-the minimum value
(21.33 days) was for control (Ny).



\O2

Table 43. Effect of growth regulators on the vase life of flowers of A. andreanum

cv. "Hawaiian Red’ in ground planting ~ny
] Days to Daysto . Days to Total

St.No. Treatments spadix_ spathe blueing gloss loss vaselife

: necrosis (days)

I No 15.00 12.67 " 17.00 21.33

2 GCM 17.89 16.83 "19.89 34.56

3 GGCGM 20.67 20.33 22.67 30.00

4 GGCM 12.67 10.67 15.33 21.67

5 GCM 19.83 19.17 21.00 25.67

6 (GiHG)CiM 19.33 18.83 20.33 2433

7 (GHG)CM 19.33 17.00 24.67 28.67
CD(0.05) 1.312 0.999 1.471 "~ 1.740

Table 44. Effect of growth regulators on the vase life of flowers of 4. andreanum
cv. 'Hawaiian Red’ in pot planting

. Daysto Days to Days to Total

S1.No. Treatments spadix spathe blueing gloss loss vaselife
necrosis (days)

1 No 14.25 13.50 14.50° 19.50

2 GCM 20.50 18.75 24.00 29.00

3 GGCM 23.50 21.75 23.50 34.50

4 G.CM 17.25 16.00 19.25 22.50

5 GCM 21.50 20.75 . 2250 29.50

6 (Gi+G)CiM 23.50 20.50 24.00 29.00

7 (Gi+G)CoM 19.25 17.75 20.50 26.50

CD(0.05) 1.604 1.455 1.794 2.843




In the case of pot planting also, the treatments differed significantly with |

respect to the vase life of flowers (Table 44 and Fig.11).

Application of BA 1000 ppm (G,C3M) much delayed the symptom of
spadix necrosis (upto 23.50 days) which was on par with the combined application
of BA and GA each at 250 ppm [(G1+G2)CiM] and the symptom was first shown by
the control (Ny) plants and they were inferior to all the other treatments.

The highest number of days for spathe blueing to begin (21.75) was taken
by the plants applied with BA 1000 ppm at monthly interval (G;CsM)<xhich was on
par with the apph'clation of GA 1000 ppm (G,C3M) and combination of BA and GA
each at 250 ppm [(G1+G2)CM]. Control (No) was first to show the symptom (after
13.50 days) and it was inferior to all the other treatments.

Regarding gloss loss, application of BA 500ppm at monthly interval
(G1C2M) took the highest number of days (24.00) for the symptom to set in which
was on par with the application of BA 1000ppm, GA 1000ppm and combination of
BA and GA each at 250ppm. As we have seen befbre,'the symptom was ﬁrst shown

by control (No).

The highest total vaselife of flowers (34.50days) was recorded by the
plants receiving BA 1000ppm at monthly interval (G;C3M) which was statistically
better than all the other treatments and the lowest total vase life (19.50days) was for

control (No).

When we compare the effects of nutrients and growth regulators on the
plant characters studied in ground and pot planting, it showed that there were no
significant differences among treatments and methods of planting with respect to

these characters (Table 45).
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Table 45. Effect of nutrients and growth regulators on plant characters in ground
and pot planting - a general comparison '

Plant characters Nutrients Growth regulators
Ground Pot Ground Pot
{. Plant height (cm) 929  8.72 8.40 8.17
2. Spread - EW (cm) 35.00 33.56 39.57 33.47
3. Spread-NS (cm) 37.57 3123 33.13 30.57
4. No. of leaves per plant 6.13 6.33 6.33 5.00
5. Leaf length (cm) 1500 13.89 13.44 13.89
6. Leaf breadth (cm) 10.50 10.50 9.72 9.89
7. Leaf area (cm?) 114.65 10446  94.09 99.36
8. No. of suckers per plant 0.22 0.33 3.00 3.50
9. Interval of leaf production 3341 34.11 35.33 35.78
10. Days to flower 5.00 31.33 34.67 31.33
11. No. of flowers per plant 2.11 1.55 2.34 1.78
12. Stalk length (cm) 2467 26.06 22.92 19.92
13. Spathe length (cm) 9.50 9.33 8.83 9.00
14. Spadix length (cm) 3.17 2.93 3.08 292
15. Interval of flower production 21.58 30.50 25.17 34.11
16. Nutrient content - N (%) 223 3.38 1.85 1.78
P (%) 0.77 0.78 0.56 0.49
K (%) 1.80 1.91 1.79 1.80

17. Chlorophyli content (mg/g)

a 1436 1544 15.45 15.48
b 5.50 6.43 6.62 5.54
Total 19.08 21.84 22.06 21.27
18. Anthocyanin content (mg/g) 85.68 93.90 67.88 84.18
19. Vaselife of flowers 19.00  19.00 20.67 23.50




4.3 Post harvest studies

43.1 Pulsing

Fifteen different treatments were included for pulsing. Statistical analysis
of the data revealed that there were significant differences among treatments with
respect to the physiological loss in weight, changes in volume, pH and EC of vase
solution and symptoms of senescence viz., spadix necrosis, spathe blueing, gloss

loss and complete death of the flowers (Table 46 and Fig 12).

In the case of spadix pecrosis, pulsing with BA 150 ppm for 8 hours
showed the symptom much later than all the other treatments (after‘l?.gaodays) and
it was significantly better tEan all the other treatments. The symptom was first
shown (within 8.89 days) by VBA 250 ppm which was on par with all the other
treatments except Triadimefon 10 ppm, BA 25 ppm and BA 150 ppm. Spathe
blueing, gloss loss and total collapse of the flowers were also much delayed by BA
150 ppm (after 37.83, 32.0 and 43.33 days, respectively) and it was significantly

better than all the other treatments.

Spathe blueing was first shown (after 12.22 days) by the control which
was on par with all the others except BA 25 ppm and BA 150 ppm. Gloss loss was
also first manifested in control (after 13.44 days) which differed significantly from
BA 150 ppm, BA 100 ppm and Bavistin 0.1 per cent. Regarding total collapse of
flowers, it was first shown by BA 250 ppm (after 15.33 days) which was on par
with control, higher concentrations (250 ppm and 300 ppm) of BA, Bavistin 0.1 per
cent and 0.2 per cent and higher concentrations (25 and 50 ppm) of Triadimefon.

Uptake of holding solution was maximum in BA 150 ppm (41.0 ml)
which differed significantly from all the other treatments. Uptake of holding

\D



Table 46. Effect of pulsing on the longeviﬁ of anthurium cv. ‘Hawaiian Red’

Sl Treatment Daysto Daysto Daysto Total Changein Changein Change Physiological

No spadix  spathe gloss vaselife  volume pH inEC | lossin weight
necrosis  blueing loss (ml) (ms/cm)! (8)
1 Bavistin 0.1% for 8 hours 956 - 1322 1633 17.22 ~7.33 1.02 -0.01 4.23
2  Bavistin 0.2% for 8 hours 10.45 12.78 1433  17.11 -9.67 1.23 -0.01 4.50
3 Triadimefon 10 ppm for 8 hours  12.17 1417 1417 2333 -13.67 -0.20 0.03 5.13
4  Triadimefon 20 ppm for 8 hours  11.83 1400  14.00 12283 -12.00 -0.23 -0.01 5.08
5  Triadimefon 25 ppm for 8 hours - 10.33 14.11 1444 17.45 -10.33 1.23 0.00 5.00
6  Triadimefon 30 ppm for 8 hours  11.50 13.50 13.50 19.83 -14.00 -0.23 0.00 4.80
7  Triadimefon 50 ppm for 8 hours  9.78 14.11 1455 17.23 -10.00 1.20 -0.01 3.73
8 BA 25 ppm for 8 hours 12.83 15.83 1483 23.17 -17.33 -0.30 -0.03 4.30
9 BA 50 ppm for 8 hours 10.44 15.11 15.00 17.78 -9.00 1.27 -0.01 3.50
10  BA 100 ppm for 8 hours 10.67 15.00 16.45  19.67 -7.33 1.23 0.00 3.63
11 - BA 150 ppm for 8 hours 19.50 37.83 32.00 4333 -41.00 -0.20 -0.01 6.75
12 BA 200 ppm for 8 hours 11.00 13.50 15,00 18.83 -8.67 -0.29 0.02 5.03
13 BA 250 ppm for 8 hours 8.89 13.11 13.78 15.33 -6.00 -0.36 . 0.03 3.53
14 BA 300 ppm for 8 hours 9.00 12.44 1433  15.83 -6.33 -046 ~ 0.04 3.60
15  Control - 9.00 12.22 13.44 1534 -6.33 0.30 0.03 3.75
CD(0.05) ‘ 2951 307 204 3315, 5202 0346  0.053 NS

NS - Non significant . }
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Plate 11. Effect of pulsing on the vase life of anthurium flowers
(T1-Control, T2- Triadimefon 10ppm, T3- Triadimefon 20ppm,
T4- Triadimefon 30ppm, T5- BA 25ppm, T6- BA 150ppm)






solutions in all the other treatments were on par and the minimum uptake (6.0 ml)

was in BA 250 ppm.

Increase of pH was seen in Bavistin, higher levels (25 and 50 ppm) of
Triadimefon, lower levels (50 and 100 ppm) of BA and control. All these were on
par with each other. Among them highest increase (+1.23) was seen in BA 50 ppm.
Reduction in pH was seen in the lower levels (10 and 20 ppm) of Triadimefon and
higher levels (150, 200, 250 and 300 ppm) of BA, all of which were on par.

Regarding EC of the holding solution, it increased in the case of higher
levels of BA and the maximum increase was in the case of BA 300 ppm (+0.042
ms/cm) which was on par with all the other treatments except BA; \fSNppm which
showed maximum reductiqri in EC (-0.026 ms/cm). Pulsing with Bavistin and

higher levels of Triadimefon also showed reduction in EC, but they were not

significant.

In the case of physiological loss of weight, all the treatments were on par.
The highest loss (-6.75g) was in the case of pulsing with BA 150ppm and the
lowest  (-3.50g) was in the case of pulsing with BA 50ppm.

432 Plugging

The basal portions of flowers, immediately after harvest, were plugged
with a piece of cotton dipped in different chemicals like Triadimefon, Bavistin and
BA and observations were taken on the symptoms of senescence as in the case of
plusing. Analysis of the data revealed that the treatments differed significantly with
respect to the parameters studied (Table 47 and Fig.13). '



Table 47. Effect of plugging on the longevity of A. andreanum cv. "Hawaiian Red’

Daysto Daysto Daysto Days to

Si.No. Treatment spadix spathe  gloss total
necrosis  blueing  loss death

1 BA25ppm 833 1267 M05%-. 20.67
2 BAS0ppm 1044 1567 10.56 24.44
3 BA100ppm 6.00 933 633 1867
-4 Tnadimefon 10 ppm -—- 6.89 9.67 833 1733
5 Tnadimefon 20 ppm 8.00 10.44 933 1878
6 Tradimefon 30 ppm 8.11 8.33 7.89  19.22
7 Bavistin 0.1% 6.33 7.56 7.00  19.56
8 Bawvistin 0.2% 7.00 9.00 8.67 19.55
9 BA 25 ppm + Bavistin 0.1% 922 1211 1011 2278
10 BA 50 ppm + Bawistin 0.1% 6.44 8.44 722 18.89
11  BA 100 ppm + Bavistin 0.1% 6.44 8.44 7.78  22.67
12 Distilled water control : 6.67 7.45 7.00 17.00
13 Control (tap water) 5.67 833 589 16.67

CD (0.05) - 0579 0762 0581  0.563
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Flowers plugged with BA 50 ppm took maximum number of days (10.44)
for the spadlx necrosis to appear and differed significantly from all the other
treatments. The symptom was first manifested (within 5.67 days) in flowers plugged
with tap water (control) which was on par with flowers plugged with BA 100 ppm.

In the case of spathe blueing, flowers plugged with BA 50 ppm showed
the symptom only after 15.67 days which was significantly better than all the other
treatxﬁent and the minimum number of days (7.45) was taken by the flowers in tap

water control and it was on par with flowers plugged with Bavistin 0.1 per cent. BA

25 ppm took 12.67 days for the symptom to appear.

Symptoms oil gloss loss was much delayed in flowers plugged with BA 25
ppm (after 10.67 days) which was on par with ﬂowérs in BA 50 pp;niﬁai56 days)
and combination of BA 25 ppm and Bavistin 0.1 .per cent (10.11 days). The
sytﬁptom wz'ls first seen (within 5.89 days) in flowers plﬁgged with tap water which

was on par with that of BA 100 ppm (6.33 days).

Regarding the total vase life of flowers, the highest value (24.44 days)
was recorded in the case of plugging with BA 50 ppm and the lowest total vaselife

(16.67 days) was recorded in the case of control.

433 Waxing

Table 48 depicts the effect of waxing of different parts of anthuriam cut
flowers on their vase life. Waxing of spathe and spad1x took maximum number
of days (12.33) for the symptoms of spadix necrosis to appear and it was on par with
the other treatments. The lowest number of days (1 1.!83) was taken by the flowers

which were given waxing to spadix alone or to spathe, spadix and cut end.




Table 48. Effect of waxing on the longevity of A. andreanum cv. 'Hawaiian Red’

Daysto Daysto Daysto Days to

SLNo. Treatment spadix spathe  gloss total
Necrosis blueing loss  death

1 Basealone 1200 1233 1457 1550
2 Spadix alon'e 11.83 1283 1467 1717
.3 Spathe + spadix T 1233 1417 1633 1750
4  Spathe + spadix + base 11.83 14.00 1533 16,83
5 Control - no waxing 12.00 1333 1433 16.00
CD{(0.05) | NS NS NS NS

NS- Non significant




Regarding spathe blueing, flowers with spathe and spadix waxed showed
the symptom only after 14.17 days and the symptom was first manifested (within

12.33 days) in flowers which were given waxing to the cut ends.

In the case of gloss loss also, flowers in which spathe and spadix were
waxed took the hxghest number of days (16.33) for the symptom to appear and the

flowers in which the cut ends were waxed took the lowest. number of days (14.17)

for the symptoms to appear.

Total collapse of the flowers was also much delayed (up to 17.50 days) in
floweérs in which the spathe and spadix were waxed and the symptom was first seen

(within 15.50 days) in flowers with waxing on cut ends.

-
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434 Packing studies

Anthurium flowers were harvested in the morning, the cut ends were
plugged with cotton dipped in distilled water. They were then given waxing on
spathe and spadix which was found to be the best method of waxing in the study
.oonducted earlier. The spathe and spadix were then covered with polythene sleeves
and covers and packed in card board boxes with and without KMnQ;. Observations
were taken on the symptoms of senescence and the data are presented in Table 49.
Analysis of the data revealed that there was significant difference among treatments

* with respect to the onset of the symptoms of senescence.

The flowers packed in boxes with the spathe covefed with polythene bags
after waxing and with KMnO. took the highest number of days (13.45) for the
symptom of spadix necrosis to set in which was on par with covering of polythene
sleeves of the same treatment. Flowefs packed without any treatment, waxing,

KMnOQjy or polythene bags/sleeves, (control) took the lowest number of days (10.47)



for the symptom to appear and it was on par with the treatment involving covering

the spathe with polythene covers and packing without waxing and KMnOsx.

The treatment involving covering the spathe in poly bags with KMnO4
after waxing manifested the symptom of spathe blueing only after 16.95 days which
was significantly better than all the other treatments. The minimum number of days
(12.13) was taken by the flowers packed without any treatment (control) as in ‘the
case of spadix necrosis. Control with KMnO, only and flowers packed in polythene

sleeves with KMnQOg and wthout waxing were also on par with this,

Regarding gloss loss also, the symptom was much delayed in the case of
flowers packed in polythene covers with KMnOj, after waxing (upto 17.52 days)
which was on par with the same treatment without KMnO,. The symptom was first
seen (after 14.08 days) in control with KMnOs but without waxing Which was on
par with the controls in the experiment with and without KMnO,4 and waxing,

In the case of total vase life of flowers, highest value (19.60 days) was
obtained for flowers packed in polythene'covérs with KMnO, after waxing which
was significantly better than all the other treatments. The shortest total vase life
(15.67 days) was recorded for the flowers packed without polythene covers/sleeves,
KMnQ, and waxing (control) which was on par with controls in the experiment
with and without KMnOj4 and waxing, flowers packed in polythene covers without

KMnO, and waxing, and flowers packed in polythene sleeves with KMnQO,4 and

without waxing.

Packing mn polythene covers was significantly better than that in polythene
sleeves. Ethylene absorbant (KMnO,) did not make any significant effect on the

senescence process of flowers but waxing made significant effect on these



Table 49. Effect of packing methods on the longevity of 4. andreanum cv.
‘Hawaiian Red’

Daysto Daysto Daysto Days to

SI.No. Treatment spadix  spathe gloss total
necrosis blueing  loss death

1  Polythene sleeves without KMnO4 11.60 1413 1640 17.20

2  Polythene covers without KMnOy 1073 1453 1557 1647

3 Control without KMnO4 1047 1213 1473 1567

4  Polythene sleeves with KMnOy 11.75 1242 1450 16.08

5  Polythene covers with KMnQOj4 1200 14,17 1575 16.92

6  Control with KMnQO4 11.67 1233 .1{};198__' 15.83

7  Polythene sleeves + waxing 1225 1417 1533 1683
without KMnQOg4

8  Polythene covers + waxing 1278 1558 16.58 18.08
without KMnQy4

9 Control + waxing without KMnOy4 11.75 1408 1517 1634

10 Polythene sleeves + waxing with KMnO4  12.83 1550 1633 17.92
11 Polythene covers + waxing with KMnO4 1345 1695 1752 19.60
12 Control + waxing with KMnQy4 12.08 1418 15.67 16.68

CD(0.05) 0.635 1.21 1.15 0.817




characters i.e., waxed flowers showed the symptoms one to four days after that of

H

unwaxed flowers.
435 ’Pack'ingw with combination of treatments

The best treatments from the above experiinents i.e., pulsing (BA 150
ppm), plugging (BA 50 ppm), waxing (to spathe and spadix) and packing
(polythene covers) were selected and their different combinations were tried in
packing studies. Observations were taken on the initiation of senescence processes
and the data are presented in Table 50. Analysis of the data revealed that the
treatments differed significantly with respect to these characters. The experiment
was conducted with and without KMnO, and the flowers were packed in polythene
covers in packing boxgs.

™ e

Flowers’ given pulsing with BA 150 ppm for 8 hours and then plugged

with BA 50 ppm and packed in polythene covers with KMnOy, after waxing showed -

thé symptom of spadix necrosis only after 13.62 days which was on par with flowers
given pulsing with BA 150 ppm and kept in plastic vials with BA 50 ppm and
packed in polythene covers with KMnOQ; after waxing. The symptom was first seen
(after 9.92 days) in ﬂov;lers packed with KMnQOy but. without any other treatment
and those given pulsing with BA 150 pbm and plugging with BA 50 ppm.

Same was the case with spathe blueing. The maximum number of days
(17.08) - for the symptom to appear - was taken in the case of flowers given pulsing
with.BA 150 ppm and plugging with BA 50 ppm and then packed with KMnO, in
polythene cover;s after waxing and 1t was significantly better than all others. The
symptoms was first set in (within 11.70 days) in control with KMnO4 which was on
par with flowers given pulsing with BA 150 ppm and plugging with BA 50 ppm
without KMnQy and pulsing + plugging + waxing without KMnQO,.



Table 50. Effect of combination of pulsing, plugging, waxing and packing methods
on the longevity of A. andreanum cv. ‘Hawaiian Red’

Days to Daysto Daysto Daysto

SI.No. Treatment ' spadix spathe  gloss total®
necrosis blueing  loss death

1 Pulsing BA 150 ppm + plugging BA 50ppm 10.11 1178  12.17  13.47

without KMnOj4
2 Pulsing BA 150 ppm + waxing 1279 1555 17.03  17.93
without KMnOy4
3 Plugging BA 50 ppm + waxing 11.72 1457 1523  16.03
without KMnOg4
4  Pulsing BA 150 ppm + plugging BA 50ppm 12.08  13.68 15.00  15.00
+ waxing without KMnQ4
5 Pulsing BA 150 ppm + BA 50ppm 1063 1208 13.55., 14.93
in plastic vrals + waxing without KMnQOj4
6 Control without KMnOy 10.72 1408 1470 1632
. 7 Pulsing BA 150 ppm +plugging BA 50ppm 11.08 1332 1408  15.40
with KMnOy4
8  Pulsing BA 150 ppm + waxing 11.92 1492 1585 16.23
with KMnOg4
9 Plugging BA 50 ppm + waxing 1138 1538 1648 17.85
with KMnQOy4
10  Pulsing BA 150 ppm + plugging BA 50ppm 13.62  17.08 17.48  18.57
+ waxing with KMnQ4
[1  Pulsing BA 150 ppm + BA 50ppm 13.38- 16,08 16.63 17.67
in plastic vials + waxing with KMnQOyg4
12 Control with KMnQj4 9.92 11.70 12.83 13.45

CD (0.05) 0.596 0805 0736 0.793




As in the case of spadix necrosis and spathe blueing, the same treatment
‘showed much delayed gloss loss and total vase life (after 17.48 and 18.57 days
respectively) which was on par with the flowers given pulsing with BA 150 ppm
and waxing and packed without KMnOQy. Gloss loss was first seen in the treatment
involving pulsing with BA 150 ppm + plugging with BA 50 ppm and packing
without KMnOy (after 12.17 days) and it was inferior to all the other treatments.
Regarding .total_vase life, the lowest value (13.45 days) was recorded for control
with KMnO4 which was on par with flowers receiving pulsing with BA 150 ppm +
plugging BA 50 ppm and packing without KMnOQOj.

Use of KMnQO;, delayed the senescence by one to two days in all the

parameters under study.
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DISCUSSION

The results of the experiments carried out to regulate the flowering and
post-harvest behaviour of anthurium cv. ‘Hawaiian Red’ using nutrients and growth

regulators in ground as well as pot plantings are discussed here.

Anthuriums, which are grown for the colourful longlasting flowers and
unusually attractive foliage, belong to the family Araceae and are originated in
American tropics. The commercial cultivation of anthurium is gaining importance in
Kerala. But due to the lack of research and development support available in the
state, the management practices adopted by farmers during cultivation and after
harvest are not scientific. So the present investigation was aimed at studying the
effects of foliar appli¢ation of nutrients and growth regulators to enhance growth,
yield and quality of flowers in this crop. Experiments were conducted to enhance
the vase life of cut flowers by means of pulsing, plugging, waxing and their
combinations using different chemicals like BA, Bavistin and Tsizdimefon. The
effect of ethylené absorbant (KMnOy) on the vase life of cut flowers was also

studied. Standardisation of the best method of packing for anthurium cut flowers

was another objective.

Anthurium plants grow satisfactonily in a wide variety of media if
appropriate practices are followed (Poole et al., 1 996). Fertilization requirements
depend upon light intensity, irrigation and medium of growth. Excess fertilizer
should be avoided to prevent diseases. Temperature v}ﬂl influence growth and

flowering and must be considered.

Anthurium responds well to ample supply of nutrients and the major
elements for the proper growth and flowering of the plants are N, K, Ca and Mg.

Poole and Mc Connel (1971) recommended the use of a commonly used 14:14:14



dry fertilizer mixture for anthuriums in Florida. Valk (1975) suggested that a
fertilizer dose of 15-20 g N and 22-30 g K,O/m* was optimum for anthuriums in
Netherlands. Salvi (1997) recommended the use of 17:17:17 fertilizer complex 1.00
per cent at \}Jeekly interval for better growth and flowering in anthurium. Under
these circumstances, three different fertilizer mixtures (20:20:20, 20:20:40 and
20:40:40) 0.25 per cent, 0.50 per cent and 1.00 per cent each at weekly and
biweekly intervals were used in the present study. The commorily used 17:17:17

fertilizer complex 1.0 per cent at weekly interval was given as the control.

Growth regulators play a very important role in the cultivation of any
omamental plant. Of late, growth regulators are being increasingly used in
anthurium for enhancing the growth, flowering and the post harvest longevity of cut
flowers. According to Henny (1989), flowering could be induced in aroids with a
single foliar application of 250 mg 1" of gibberellic acid. GA; 750 ppm produced
maximum laterals in topped plants whereas BA 250 ppm was more effective on
intact plants (Anu,G.K. 1997). Salvi (1997) suggested that spraying of BA 750 ppm
at monthly interval produced more plant height, leaf length, breadth a;ld petiole
length. According to Valsalakumari ef al. (1998), GA 1000 ppm resulted in the
maxtimuin size of spathe, length of stalk and number of inﬂor;:scences prodﬁced per
year. Taking into account these factors, two growth regulators, viz., BA and GAs
were used in the study at two different concentrations (500 and 1000 ppm) and their

combinations at 250 and 500 ppm, each.
5.1 Influence of nutrients and growth reguiators on plant characters

The parameters which are used to estimate the quality of a variety are
plant height, spread, number and size of leaves, number of suckers and number and
size of flowers. In the present study, it was seen that nutrients and growth regulators

influenced these characters.

y



51.1 Plant height

In ground planting, nutrients had significant effect on plant height in the
6th and 8th months only. The maximum height (9.29 c¢m) was recorded in the
treatment involving the application of 20:20:20 fertilizer complex 1.0 per cent at
weekly interval which was on par with the higher levels of P and K (20:20:40 and

20:40:40 complexes).

In pot planting, plant height was influenced signiﬁcantl)} by the nutrients
in the Sth, 6th, 7th and 8th months. The highest value for plant height (8.73 cm) was
recorded 'in the case of 20:40:40 fertilizer complex appiied at 1.0 per cent at
biweekly interval and it was on par with the other complexes (20:20:20 and
20:20:40) applied at 0.5 per cent and 1.0 per cent levels. The incidence of leaf
blight was more at the higher levels of nutrients. These results are in conformity
with the reports of Boertje (1978), Higaki and Poole (1978), Henny ef al. (1988)
and Salvi (1997) who reported increase in plant height which have received
optimum dose of nutrients for their proper growth. The reports of Poole et al.,
(1990) that excess fertilizer favoured bactenal blight is also correct here. In the
present study, the optimum dose of N, P, K for ground plants was found to be
20:20:20 complex 1.0 per cent at weekly interval ;and that for pot plants was

20:40:40 complex 1.0 per cent at biweekly interval.

- S
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Growth regulators had significant effect on plant height in ground
planting from 4th month to 8th month. The maximum height (8.40 ¢m) was
recorded in the case of BA 500 ppm which was on par with BA 1000 ppm and the
combined application of BA and GA at 250 and 500 ppm each.

In pot planting, the height was significantly influenced by growth
regulators from 6th to 8th month. Combined application of BA and GA at 250 ppm



each recorded the maximum height (8.17 c¢m) which was on par.with 500 ppm of
BA and combination of BA and GA. These findings are in line with the reports of
Higaki and Rasmussen (1979), Imamura and Higaki (1988) and Anu (1997), that
the use of BA and GA in anthurium increased the shoot formétion, suckering and
lateral shoot production. In the present study, the optimum dose of growth regulators
for ground plants was BA 500 ppm and for pot plants, a combination of BA and GA
250 ppm, each. The increase in height may be due to the increased cell division as

a result of application of BA alone is in combination with GA.

512 Spread

In groun-d planting, nutrients had significant effect on the plant spread in
EW and NS directions. Application of nutrients had significant effect on EW spread
in the 6th month only. The maximum EW spread (41.0 cm) was recorded for the
application of 20:20:20 complex 0.5 per cent at biweekly interval. There was
significant difference in NS spread in the Sth and 8th month. Here also, the

maximum spread (39.53 cm) was recorded for 20:20:20 complex 0.5 per cent at

biweekly interval.

In pot planting, the nutrients failed to make any significant effect on plant
spread in NS and EW direction. Control recorded the highest spread (44.20 cm) in
~ EW direction and the highest NS spread (45.70 cm) was recorded for the

Tweas

application of 20:20:20 complex 1.0 per cent at weekly interval.

Growth regulators were unable to make any significant effect on plant
spread in EW and NS direction, either in ground planting or pot planting, except
EW spread in ground. Here the maximum spread (42.23 cm) was recorded in the

case of combined application of BA and GA at 250 ppm each and the highest NS
spread (39.60 cm) was n the case of BA 500 ppm.



In pot planting, control recorded the highest EW spread (44.20 cm) and
the highest NS spread (42.10 cm) was in the case of combined application of BA

and GA 250 ppm, each.

. Maximum spread for all the treatments was recorded in the 6th month
~ which then started declining. This may be due to the reduced length of petioles of
leaves emerged in the later stages. The results in nutrient studies in ground are in
accordance with the findings of Poole and Greaves (1969) that application of N, P
and K enhanced the growth and flowering in anthurtum. The reports of Salvi (1997)
that growth regulators had little effect on the NS and EW spread of anthuriums are

on similar lines.
513 Number of leaves/plant

The effect of nutrients on the number of leaves/plant was not significant

in groun_d plantn;g But in pot planting, the effect was significant in the Sth month.

The maximum number of leaves (7.0) was produced by the plants receiving

20:20:20 complex 0.25 per cent at weekly interval which was on par with 0.50 per

" cent of other complexes (20:20:40 and 20:40:40) at weekly interval or 1.00 per cent

at biweekly interval. This result is in line with the report of Henny and Fooshee
(1989) that the plant growth in anthurium was best at the lower fertilizer levels.

Regarding growth regulators, their effect was significant i ground
planting only. The maximum number of leaves (7.33), was produced by the plants
sprayed with BA 500 ppm. In pot planting, all the growth regulators were on par
and the maximum number of Jeaves (8.1) was préduced by plants receiving
combination of BA and GA 250 ppm each. These reSL;lts are supported by those of
Higaki and Rasmussen (1979), Imamura and Higaki (1988), Anu (1997) and Salvi
(1997), that the application of BA and GA increased the production of lateral



shoots/branches and suckers and enhanced their growth too. The increased
production of shoots will naturally lead to more number of leaves per plant. In the
present study, the optimum dose of growth regulators is BA 500 ppm for ground
plants and for pot plants it is the combination of BA and GA 250 ppm, each.

514 Leaf length and breadth

Nutrients produced no significant effect on leaf length and breadth either
in ground or pot plantings, but growth regulators influenced significantly these

parameters, both in ground as well as pot plantings.

In ground planting, the highest leaf length (13.66 cm) was recorded for
control and the broadest leaf (9.44 crh) was produced. by the combined application

of BA and GA 250 ppm, each.

" The longest leaf in pot planting (13.89 cm) was recorded for control and
leaf breadth was also maximum (9.89 cm) for control. Generally, application of
growth regulators decreased the leaf length and breadth as is evident from the data.
This may be because of the fact that application of growth regulators increased the
shoot production which in tumn lead to more number of leaves per plant. As the
number of leaves increases, the size generally decreases. This is in accordance with

the reports of Higaki and Rasmussen (1979), Anu (1997) and Salvi (1997).

)

5.1.5 Leaf area

The leaf area did not differ significantly among the nutrient levels either
in ground or pot planting. Application of Ca, Mg or vit. Byz also did not make any
significant effect.



The effects of growth regulators on leaf area were significant both in
ground as well as pot planting. Their application generally decreased the leaf area.
Maximum values for leaf area in ground as well pot (98.38 em® and 99.36 om®
respectively) were recorded for control. This indicates that growth regulators
decreased the leaf area over nutrients (control). As the application of growth

regulators decreased the length and breadth of leaves, leaf area was also decreased

due to the application of growth regulators.

5.1.6 Number of suckers/plant

The effects of nutrients on the number of suckers produced per plant were
not enough to produce any significant difference either in ground or in pot planting.
Application of Ca, Mg or vit. By; also did not produce any added advantage over
control. But growth regulators produced significant effects in ground as well as pot
planting. In ground the highest number of suckers per plant (3.00) was recorded by
the plants sprayed with GA 1000 ppm at monthly mterval which was on par with
BA 1000 pp_m -e-md their combinations at 250 and 500 ppm, each. Instead of going
for the higher concentrations of growth regulators, a combination of BA and GA
250ppm, each could be better. In pot also, growth regylators made significant effect
on the number of suckers produced per plant from the 6th month onwards. Here
also, the highest number of suckers per plant (3.50) was produced by the plants
sprayed with GA 1000 ppm at monthly interval, which was on par with the
application of BA 1000 ppm. In both ground and pot plantings, control plants
produced no suckers at all. These results are in conformity with_the reports of
Higaki and Rasmussen (1979), that increased side shoot production was observed in
mature plants treated with GA; concentrations of 250 to 1000 mg 1. This is also
supported by the report of lmamura and Higaki (1988) that, with increasing
concentrations (0-500 ppm) of GA3 and BA (0-1000 ppm), the number of lateral
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shoots per plant increased both in intact and topped plants. Similar results are also

reported by Anu (1997) and Salvi (1997).

5.1.7 Interval of leaf production

Neither nutrients nor growth regulators had any significant effect on the
interval of leaf production either in ground or pot planting. In ground planting, the
lowest intervals for nutrients and growth regulators (33.41 and 35.33 days,
respectively) were recorded in the case of 20:20:20 complex 0.5 per cent at weekly
interval and combination of BA and GA 250 ppm, each, at monthly interval. In pot
planting, the corresponding values were 34.11 days and 34.67 days, respectively, for
20:20:26 complex 1.0 per cent at weekly interval and combination of BA and GA

500 ppm, each.
5.2 Flowering and flower characters

" Anthurium andreanum plants have a juvenile phase during which a
vegetative bud is produced in the leaf axil, but in the subsequent generative phase a
flower bud is produced. These buds become dormant after initation, and flower
development depends on dormancy breaking, although some may die before this
occurs. Initially anthurium inflorescences are produced by a dominant central stem
and later, it is by laterals. Cultivars with many lateral shoots tend to flower later than
those with strong apical dominance (Christensen, 1971). Therefore, how the
application of nutrients and growth regulators affect the number of days taken for
the first flower to appear, type and number of flowers produced per p;z;:;r;terval of
flower production, size of spathe, length of inflorescence stalk and spadix etc. were
studied in detail. The results r-evealed that these parameters are not influenced

significantly by the nutrients and growth regulators, either in ground or pot planting.
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Time taken for the first flower to appear in ground planting varied from 5
to 136 days in the case of nutrients. The lowest number of days (5.00) was tgken by

plants receiving 20:20:40 complex 0.25 per cent at weekly interval. In pot planting,

the lowest number of days (31.33) was taken by control.

Regarding growth regulators, the lowest r;umber of days in ground
planting (34.67) was taken by the plants sprayed with BA 1000 ppm and in pot, the
lowest value (31.33 days) was for control. All the plants have got a juvenile phase
after which it starts flowering. So this is in line w1th the reports of Christensen

(1971).

Regarding the number of flowers produced per plant, neither nutrients nor
growth regulators could make any significant effect in ground or pot planting. In
ground planting, the highest number of flowers per plant in nutrient studies was
produced by the plants sprayed with 20:20:40 complex 0.25 ‘per cent at weekly
interval. In the case of growth regulators, the highest value in ground was for
combined application of BA and GA 250 ppm, each a;d in pot, the highest value
was for the application of BA 500 ppm or GA 1000 ppm or BA and GA 500 ppm,
each. The results show that, average number of flowers pef plant was more
ground planting and application of growth regulators exerted better results than
nutrients. These results are in line with the findings of Nakasone and Kamemoto
| (1962), Henny (1989), Henny and Hamilton (1992) and Valsalakumari ef a/. (1998)
that application of growth regulators like BA and GA enhanced the number of

flowers produced per plant.
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Regarding the interval of flower production for nutrients, the lowest value
in’ ground (21.58 days) was for 20:20:20 complex 1.0 per cent at weekly interval
and in pot, the value (30.50 days) was for 20:20:40 complex 0.25 per cent at weekly



interval. Growth regulators also did not have any significant effect. The lowest

intervals were recorded for control.

Different nutrient concentrations failed to make any significant effect on
the size of spathe and spadix. Both in nutrient and growth regulator studies, their
sizes were more in ground planting than in pot planting. In nutrient studies, the
highest spathe size in ground was 9.50cm with the application of Mg 0.5 per cent
and for pot, it was 9.33cm in the case of application of 20:20:40 complex 0.5 per
cent at weekly interval. Values for Spadix length in ground and pot were the highest
(3.06 and 2.93cm, respectievely) in the case of application of 20:20:20 complex
0.25 per cent at weekly interval. Similarly growth regulators produced larger spathe
and spadix than nutrients which is evident from the fact that the spathe size and
spadix length in nutrients ranged from 2.67cm to 9.50cm and 0.77cm to 3.06cm,
respectively, but in growth regulators, the corresponding ranges were from 5.33 to
9.00cm and 1.17 to 3.00cm, respectively. These results are supported by Salvi
(1997) and Valsalakumari et al. (1998) who reported that application growth
regulators increased the size of spathe, spadix and length of stalk of anthurum

inflorescences.--

The length of stalk of inflorescences was not influenced by the nutrients
and growth regulators. The length ranged from 10.67 cm to 24.67 cm in ground
and 11.67 cm to 26.06 cm in pots. Here, pot plants were found to produce slightly

longer stalks than ground plants.

53 Nutrient content of leaves

-
T g
= @y

-

Application of nutrients made significant effect on the N,P and K contents
of leaves in ground planﬁng._As the concentration of nutrients increased, there was

a comresponding increase in the nutrient content of leaves. The highest content of N
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(2.23 %) was recorded by the plants receiving 20:20:20 complex 1.0 per cent at

weekly interval, and the highest P content (0.77 %) was recorded by the plants
applied with 20:40:40 complex 1.0 per cent at weekly interval. In the case of K
content, the highest value (1.80 %) was recorded for the application of 20:40:40
complex 1.0 per cent at weekly interval. In pot planting, nutrients made significant
eﬁ"éct on the N content of leaves only where the highest N content(3.38 %) was
recorded in the treatment involving the application of 20:20:20 complex 0.25 per
cent at weekly interval. The content of P and K were not affected by the nutrients.
Fr;m this, it 1s very clear that, applicatibn of nutrients at lower concentrations and
frequent intervals is very good for anthurium plants and it enhances the absorption
of nutrients too. These results are in conformity with the reports of Higaki ef al.
(1992), that the N content in anthurium leaves is between 1.70 and 2.11 per cent, P
content between 0.21 and 0.58 per cent and K content between 2.05 and 3.16 per
cent. This is also supported by the findings of Salvi (1997), that the maximum N, P

and K contents of anthurium leaves were 2.29 per cent, 0.36 per cent and 2.09 per

cent, respéctivély. -

This significant effect of nutrients in groﬁnd and the absence of the same
in pots may be due to the increased growth of plants in ground which leads to
increased photosynthesis and other physiological activities win'ch in turn leads to the
increased absorption of nutrients. Interestingly the highest content of N was reported
from the treatment which recorded the highest value for height in ground. These
results also reveal that higher levels of P and K application increased the contents of
the same in leaves as reported by Poole and Greéves (1969).

Growth regulators increased the absorption of K only. The highest value

for K (1.79 %) was recorded by the-plants sprayed with a combination of BA and
GA, each -at 250 ppm at monthly interval. In pot planting, their effects were not
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strong enough to make any significant difference. These results are in line with the

reports of Higaki ef al. (1992) and Salvi (1997), as seen earlier.

5.4 Pigment content

Nutrients made significant effect on the anthocyamin content of
anthurium in pot as well as ground planting. In ground, the highest value (85.07
mg/g) was recorded by the flowers of the plants recetving 20:20:20 complex 0.5 per
cent at biweekly interval and in pot, the highest content (93.90mg/g) was for the
application of 20:20:20 complex 0.5 per cent at weekly interval.

In growth regulator studies also, their effects were significant in ground as
well as pot planting. In ground the highest value (67.83 mg/g) was recorded for the
combined application of BA and GA 500 ppm, each, and in pot the highest content
(84.18mg/g) was for control. |

In the case of chlorophyll (a, b and total) contents of leaves, the treatments
differed significantly in ground and pot planting. In ground, the highest value for
chlorophyll @ ¢ontent (14.36 mg/g) was recorded for the application of Ca 0.50 per
cent along with control, for chlorophyll b (5.50 mg/g) it was in the case of 20:20:20
complex 0.25 per cent at weekly interval and for total chlorophyll (19.08 mg/g) also,
it was the same as that of chlorophyll b. In pot planting, the highest chlorophyll (a
and total) content (15.44 and 21.84 mg/g, respectively) was in the case of
application of.20:20:20 complex 0.50 per cent at biweekly interval. For chiorophyll
b, the highest content (6.43mg/g) was in the case of application of 20:20:40

complex 0.50 per cent at biweekly interval.
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The effect of growth regulators on the chlorophyll content was similar to
that of nutrients. Here the highest values in ground for chlorophyll a (15.45 mg/g),




chlorophyll b (6.62 mg/g) and total chlorophyll (22.06 mg/g) were recorded by the
plants receiving GA 500 ppm, at monthly interval. In pot, the highest contents of
chlorophyll (a and total) were recorded in the case of combined application of BA
and GA 250ppm, each (15.48 and 21.27mg/g, respectively). The highest content of
chlorophyll b (5.54mg/g) was in the case of application f;f BA 500ppm. '

From the results, it is very clear that the significant difference in
chlorophyll content among treatments in ground planting is not merely due to the
effect of either nutrients or growth regulators. As we have seen earlier the

performance of plants in ground 1s much better which leads to the higher content of

chlorophyll in ground planting.

5.5 Vase life

The vase life of flowers from all the treatments was studied with respect
to the number of days taken for spadix necrosis, spathe blueing, gloss loss and total
collapse of flowers. The results revealed that, there were significant differences
among treatments in the vase life of flowers in pot planting as well as in ground

planting.

In ground planting, the highest number of days for the expression of the
symptom of spadix necrosis, spathe blueing and gloss loss (19.00, 18.67 and 20.83
days, respectively) were taken by the flowers recetving 20:20:40 complex 0.50 per
cent at weekly interval. The total vase life of flowers was the highest (27.67 days) in
the case of flowers receiving 1.00 per cent of 20:20:20 complex at weekly interval.
In pot planting, the highest number of days for the symptoms of spadix necrosis and
spathe blueing to set in (19.00 and 18.75days, repectively) was taken by the plants

receiving 20:20:4Q complex 0.25 per cent at weekly interval. The total vaselife was

also the highest (27.50 days) in the same treatment. Retension of gloss was the



highest (20.50days) in the application of 20:40:40 complex 0.50 per cent at weekly
interval. Here the highest vase life was obtained at lower levels of N and higher
levels of K. Reports of Bik (1976), that the maximum number of best quality
flowers in anthurium was produced at low N levels; Bik and Straver (1978) that the

best quality flowers are produced at medium dose of N and higher doses of K also

support this.

Regarding growth regulators, their effect on vase life was significant in
ground as well as in pot planting. Generally, growth regulators improved the vase
life of flowers much better than nutrients, both in ground as well as pot plantings. In
ground planting, the highest number of days for spadix necrosis and spathe blueing
to set in (20.67 and 20.33 days, respectively) was taken by ﬂ;)wers receiving BA
1000 ppm at monthly interval. Combination of BA and GA, each at 500 ppm, took
the highest number of days (24.67) for gloss loss and application of BA 500 ppm
gave the longest total vase life (34.56 days) to flowers. In pot planting, the highest
number of days for the symptoms of spadix necrosis and spathe blueing to set in
(23.50 and 21.75 days, respectively) was taken by the plants sprayed with BA
1000ppm at monthly nterval. Total vaselife was also thp highest (34.50 days) in the
same treatment. Retension of gloss was the highest (24.00 days) in the case of
application of BA 500ppm and combination of BA and GA 250ppm, each. This
treatment also recorded the highest content of K (I.SQ per cent) in leaves. So the
increased retension of gloss may be due to the higher content of K in leaves.- From
the data, 1t 1s very clear that growth regulators extended the vase life of flowers
more than the nutrients. These results are in conformity with the reports of
. Shirakawa ef al. (1964) that pulse treatment with 10ppm N-6-Benzyladenine, to
anthurium cutflowers before shipment reduced the injury during shipment and
extended the holding period of flowers.. Treatment with BA was found to generally
impart some tolergnce to chilling injury and extend the usable peﬁ:)?imﬁ;'greducmg
the respiration rate of flowers. Akamine and Goo (1975); Paull and Goo (1982);



Paull (1987); Salvi (1997) and Valsalakumari et a/. (1998) have also reported that
the use of various growth regulators like BA, GA etc. and chemicals like AgNOs, 8-

HQ etc. were much useful in extending the vase life of anthurium flowers.

5.6 Post-harvest studies

Flowers harvested at the correct stage of matup'ty maintain better quality
and vase life. If harvested at immature stage, they dd not develop properly in
holding solutions after harvest, and over matured flowers last only for a short
durations. Generally anthurium flowers are harvested when the spadix is fully
developed. According to Antoine (1995),anthurium flowers are harvested at about
three-quarters maturity which gives the maximum shelf-life to flowers. According to
Paull et al. (1992) pre harvest and post harvest factors influence the longewvity of cut
flowers. He suggested that pre harvest factors explained 63.71 per cent of the
variation in the post harvest life. Senescence is generally caused by vascular
plugging of unknown origin. Spadix necrosis, spathe blueing, gloss loss, stem
collapse, abscission of spathe and spadix and physiological loss in weight are the

visible changes associated with senescence (Akamine, 1976).

5.6.1 Pulsing

Pulsing is a short term treatment given to cut flowers immediately after
harvest which improves the keeping quality of flowers. It’s effect lasts even when
the flowers are removed from the chemical and kept in .vé/ater. In the present study,
pulsing of anthurium flowers was done with diﬁ'exjent chemicals like BA,
Trniadimefon, Bavistin etc. for 8 hours and their effects on the symptoms of flower
senescence (spadix necrosis, spathe blueing, gloss loss and total vase life), changes

in the pH, EC and volume of holding solutions and physiological loss of weight
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were studied. The data revealed that pulsing has got sigmficant effect on these

characters.

Pusling with BA 150 ppm for 8 hours took the maximum number of days
(19.50 and 37.83 days, respectively) for spadix recrosis and spathe blueing to set in.
Retension of spathe gloss and total vase life of the flowers were also the highest
(upto 32.0 and 43.33 days, respectively) in the same treatment. These results are
line with the reports of Shirakawa ef al. (1964) that pulsing anthurium flowers with
N-6-Benzyladenine provided about 19 per cent improvement in vase life. The
reports of Salvi (1997) and Valsalakumari ef al. (1998) that pulsing with BA
improved the vase life of anthurium flowers also support this findings. Earlier, the
poéitive effect of pulsing with AgNOs on the vase life of anthurium flowers was
reported by Paull and Goo (1982); Paull er al. (1985) and Paull (1987). These
reports reveal that the use of growth regulators like BA, GA etc. and chemicals like
8-HQ, AgNO; etc. imparted resistance to chilling injury, reduced the respiration
rate of flowers, prevented microbial contamination of vascular tissues and acted as

germicides, there by reducing the injury to flowers and extending their vaselife

positively.

Uptake of holding solution was the highest in the case of BA 150 ppm
(41.0 ml). Simularly, physiological loss of weight was also the highest in this
treatment  (-6.75g). This treatment recorded the highest vase life and hence the
uptake of vase solution and loss of weight will naturally be high. The pH of holding
solution increased in the case of Bavistin, higher leve}s of Triadimefon and lower
levels of BA, the maximum (+1.23) being in the case of BA 50 ppm. Reduction in
pH was seen 1n the case of lower levels of Triadimefon, and higher levels of BA, the
highest reduction (-0.46) being in the case of BA 300 ppm. Change in EC of
holding solution was just reverse to what happended in the case of pH. The highest
increase (+0.042 ms/cin) was in the case of BA 300 ppm and reduction (-0.026
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ms/cm) was in the case of BA 25 ppm. These changes in the pH and EC of holding
solutions may be due to the leakage of solutes from the flowers which might have

been absorbed at the time of pulsing. In general, pulsing enhanced the vase life of

anthurium flowers by one to two weeks.

5.6.2 Plugging

Immediately after harvest, the cut ends of flowers were plugged with a
piece of cotton dipped in chemicals like Bavistin, BA and Triadimefon and
observations were taken on the symptorﬁs of senescence. The results revealed that,

plugging has got significant effect on the vase life of flowers.

Here the maximum number of days for spadix necrosis and spathe blueing
to set in (10.44 and 15.67 days, respectively) were taken by the flowers plugged
with BA 50 ppm. Plugging with BA 25 ppm much delayed the gloss loss (upto
10 67 days) and total vase life was the highest (24.44 days) in the case of pluggmg
w1th BA 50ppm. These results are in accordance with the reports of Shirakawa ef
al. (1964); Salvi (1997) and Valsalakumari ef a/. (1998) that pulsing with BA
enhanced the vase life of anthurtum flowers. Here, the vase life 1s less when

" compared to pulsing. The reason may be that the quantity of solution is very less in

cotton, when compared to the volume of pulsing solutions and hence their effect

will be comparanvely lesser.

563 Waxing

The results of waxing studies revealed that, waxing of flowers enhanced
the vase life of anthunum flowers over unwaxed flowers, but its effects were not
statistically significant. The highest vase life was recorded in the case of flowers

whose spathe and spadix were waxed. The reports of Watson and Shirakawa
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(1967); Paull (1983) and Paull and Goo (1985), that waxing of anthurium very

much enhanced the vase life, by reducing the loss of water from spathe and spadix

strongly support these findings.

5.6.4 Packing studies

The results of the packing studies revealed that both packing materials
(polythene sleeves and covers) and ethylene absorbant (KMnQOy) were effective in
reducing the vase life of anthurium flowers significantly. The highest values for the
number of days taken for spadix necrosis, spathe blueing, gloss loss and total death
to set in (13.45, 16.95, 17.52 and 19.60 days, respectively) were recorded for
flowers packed in polythene covers with KMnOs. So, generally polythene covers
were found to be the best packing material. This is supported by the reports of
Shirakawa ef al. (1964) that enclosing the anthurium inflorescence in a polythene
film maintained turgidity and improved longevity. The majc;r cause of flower
senescence or wilting 1s the production of ethylene. So the use of ethylene absorbant
(KMnOy) is sure to improve the vase life of flowers and in this study, it is true that
the use of KMnQ, enhanced the vase life of flowers.

5.6.5 Packing with combination of treatments

The best treatments from the above studies, viz., pulsing (BA 150 ppm),

plugging (BA 50 ppm), waxing (of spathe and spadix) and packing (polythene

_covers) were selected and their different combinations were tried in packing. The
experiment was carried out with and without KMnOa. Since we are using

combinations of best treatments, it is sure that the combination of all the best

treatments will give maximum vase life. As expected, the highest number of days

for spadix recrosis, spathe blueing, gloss loss and total collapse of flowers (13.62,

17.08, 17.48 and 18.57 days, respectively) were taken by flowers given pulsing with
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BA 150 ppm for 8 hours and then plugged with BA 50 ppm and packed in
polythene covers with KMnO, after waxing the spathe and spadix. Here the total

vase life of control flowers was only 13.45 days.

The use of combination of treatments enhanced the vase life atleast by
one week. Similarly, the use of KMnO4 enhanced the vase life by 1 to 2 days than
those without KMnO. So if we are able to give the optimum combination of these

treatments, it is sure that the vase life of anthurium flowers can be increased very

much.

Having discussed the results obtained in detail we can highlight the

following,.

The treatments which involved the use of major nutrients in different
ratios (1:1:1, 1:1:2 and 1:2:2), concentrations (0.25 per cent, 0.50 per cent and 1.00
per cent) and intervals of application (weekly and biweekly) did not make any
significant difference in vegetative characters and flowering of anthurium cv.
‘Hawaiian Red’ grown in a medium rich in organic matter. Application of Ca, Mg

and vitamin B;; in addition to major nutrients also failed to show any advantage.

But the effect of the nutrients on post harvest longevity of flowers was signiﬁcant.'

As the concentration of nutrients increased, the post-harvest longevity of flowers
decreased. Flowers from the treatment involving the \J;/eekly application of NPK at
20:20:40 0.25 per cent was the best with respect to the post-ilarvest life. The plants
receiving thi§ treatment also flowered earlier and produced the highest total number

of flowers.

Regarding the effect of growth regulators, the most significant effect was
on sucker production. Among the treatments, a maximum of 3.5 suckers per plant

was produced in the treatment involving the application of 1000 ppm GA, whereas
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no suckers were produced in control. This treatment also produced the highest
number of flowers per plant, highest potassium and chlorophyll contents in leaves
and extended the vase life of flowers. This treatment which involved the use of GA
at higher concentration, was on par with the treatment involving the combined
application of BA and GA, each at 250 ppm, which can be used economically to
obtain the same results. Reduction in leaf area was associated with application of

growth regulators, which, in no way, affected the flower production.

Use of BA in pulsing after harvest and plugging the cut end of stalk while
in transport, significantly increased the post-harvest longevity of flowers. A
combination of treatments involving pulsing with BA'150 ppm, plugging the cut
end of the stalk ' with BA 50 ppm, covening the spathe and spadix with polythene
covers after -waxing and keeping KMnOy in packing cases delayed the first

symptom of senescence to appear on flowers by 4 days.

It 1s concluded that. when ground and pot plantings are compared, the
former was found to be generally better than the latter during the period of the

present study with respect to the important vegetative and floral characters of the

plant.
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Summary




SUMMARY S

The salient findingsof the investigations on the regulation of flowering
and post-harvest behaviour of anthuium cv. 'Hawaiian Red’ conducted at the
Department of Pomology and Floriculture, College of Horticulture, Vellanikkara

during the year 1996-98 are summarised here.

*  Nutnents signiﬁcantl‘y influenced the plant height, both in ground as well as pot
planting. Maximum plant height of 9.29 cm for ground planting was recorded
in the treatment with 20:20:20 fertilizer complex, 1.0 per cent at weekly
mnterval (N1C3W,). In pot planting, the maximum height (8.73 cm) was
recorded by the plants receiving 20:40:40 complex 1.0 per cent at biweekly
interval (N;Cs;W;). The effect of growth regulators-on plant height was also
significant in both ground and pot planting,.

*  Plant spread in EW and NS directions were significantly influenced by the

nutrients in ground planting only, where the highest spread in EW and NS
directions were recorded for the application of 20:20:20 complex 0.5 per cent at
biweekly interval (N;C,W,) (41.0 and 39.53 cm respectively). In pot their
effects were not signtficant.
Growth regulators made significant effect on plant spread only in ground
planting, where the application of a combination of BA and GA 250 ppm each
at monthly interval [(G1+G2)CiM] recorded the highest spread m EW direction
(41.23 cm) and the application of BA 500 ppm (G;C;:M) recorded the highest
spread in NS direction (39.60 cm). |

*  Only in pot planting, the effect of nutrients on the mean number of leaves

produced per plant was significant, where the highest number of leaves per



plant (7.0) was produced by the plants sprayed with 20:20:20 complex 0.25 per
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cent at weekly interval (N;C;W)).
Growth regulators significantly influenced the mean number of leaves per plant
-only in ground planting anid the application of BA 500 ppm at monthly interval

(G1CaM) recorded the highest value of 7.33.

Leaf length, breadth and area were not influenced significantly by the nutrients
either in ground or pot planting. In the case of growth regulators, length,

breadth and area of leaves were significantly lesser in treatments than in

control.

Nutrients failed to make any significant effect on the number of suckers
produced per plant both in ground as well as pot, but growth regulators
significantly influenced the sucker production in both, the highest values for
ground and pot (3.00 and 3.50 respectively) being recorded by the plants
receiving GA 1000 ppm at monthly interval (G2CsM) which was on par with
BA and GA, at 250 ppm each.

Neither nutrients nor growth regulators were able to make any significant effect

on the interval of leaf production either in ground or pot.

Effect of nutrients and growth regulators on the number of days taken for the
first flower to appear, interval of flower production and flower characters like
size of spathe, spadix and length of stalk were not significant either in ground
or pot planting. The plants sprayed with 20:20:40 complex 0.25 per cent at
weekly interval (N2C; W) were found to be performing better than plants in the
other treatments with higher values for the above characters.



Application of nutrients significantly influenced the NPK content of leaves in
ground and the N content in pot planting. In‘_.ground, the high\q;vtwcgfltent of N
(2.23%) was-recorded by the plants receiving the fertilizer complex 20:20:20
1.0 per cent at weekly interval (N;C3W)) and the highest values for P and K
contents (0.77% and 1.80% respectively) were recorded by the plants receiving
higher levels of P and K (20:40:40) 1.0 per cent at weekly interval (N3C3W1).
In pot, the highest content of N (3.38%) was recorded by the plants receiving
20:20:20 complex 0.25 per cent at weekly imterval (N;C;W)).

Application of growth regulators significantly reduced the N and P contents of
leaves compared to control in ground planting, and the highest K content
(1.79%) was recorded by the plants sprayed with a combination of BA and GA
each at 250 ppm at monthly interval [(G;+G2)C;M]. In pot, their effects were

not significant.

Anthocyanin content of flowers in nutrient as well as growth regulator
treatments differed significantly both in ground and pot planting. The highest
values for anthocyanin content in ground and pot for nutnient treatment were
85.07 mg/g and 93.90 mg/g respectively for the plants receiving 20:20:20
complex 0.5 pex; cent at biweekly and weekly intervals, respectively. For
grox'vth regulators, the corresponding values were 67.88 mg/g and 84.18 mg/g
respectively, for a combined application of BA and GA each at 500 ppm

[(G1+G2)C2M] and control (No) respectively.

Nutrients significantly influenced the chlorophyll content of leaves both 1n
ground and pot. The highest total chlorophyll content (19.08 mg/g) in ground
was recorded in the application of 20:20:20 complex 0.25 per cent at weekly
interval (N;C,W)) and that for pot plants (21.84 mg/g) was recorded n the

treatment involving the application of 20:20:20 complex 0.5 per cent at

biweekly interval (N;C2W,).



Growth regulators also significantly influenced thé:—."qﬂlorophyll content. Here
the highest content.in ground planting (22.06 mg/g) was recorded by the plants
receiving GA 500 ppm (G,C;M) and in pot plants, the highest~ccatent (21.27
mg/g) was recorded in the case of combined application of BA and GA each at

. 250 ppm [(G1+G2)CiM].

The vase life of flowers was significantly influenced by the nutnents and
growth regulators both in ground and pot planting. Among nutrients, the
highest vase life for ground and pot plants (19.0, 19.0 days each) was recorded
by the plants sprayed with lower levels of N and higher levels of K (20:20:40)
0.25 per cent at weekly interval (N.C,W)).

In growth regulator studies, the highest vase life mm ground (20.67 days) was
recorded by the plants receiving BA 1000 ppm (GiC3M). In pot also, the
highest vase life (23.50 days) was for the same treatment and it was on par with

combined application of BA and GA each at 250 ppm.

There was no significant difference between ground planting and pot planting

with respect to the growth and flowering during the period of the experiment.

Pulsing significantly influenced the vase life of ;ﬂowers, uptake of holding
solution, pH and EC of holding solution and physiological loss of weight. The
highest number of days for spadix necrosis, spathe blueing and gloss loss to set
in (19.50, 37.33 and 32.00 days respectively) were taken by the flowers pulsed
with BA 150 ppm for 8 hours, compared to 9.00, 12.22 and 13.44 days
respectively in control. Total vase life of flowers, uptake of holding solution and
physiological loss of weight (43.33 days, 41.00 ml and 6.75g, respectively)
were also the highest in the same.

pH and EC of the holding soluttons increased in some treatments and decreased

in some others. The highest increase in pH (+ 1.23) was in the case of pulsing



with BA 50 ppm and reduction (- 0.46) was in the case of BA 300 ppm.
Regarding EC, the highest increase (+ 0.42 ms/cm) was in the case of pulsing
with BA 300 ppm and reduction (- 0.026 ms/cm) was in the case of pulsing

R

with BA 25 ppm.

"Plugging of cut ends of -ﬁowers with different chemicals also significantly
influenced the vase life of flowers. The highest number of days for spadix
necrosis and spathe blueing to begin (10.44 and 15.67 days, respectively) was
taken by the flowers plugged with BA 50 ppm. Gloss loss was much delayed
(upto 10.67 days) in the case of plugging with BA 25 ppm. Total vase life of
flowers was the highest (24.44 days) in the case of plugging with BA 50 ppm.

Waxing of different parts of the inflorescence enhanced the vase life, the

maximum being in the case of waxing of spathe and spadix, but their effects

were not statistically significant.

Different packing materials (polythene sleeves and covers) significantly
influenced the vase life of flowers. Spadix necrosis, spathe blueing and gloss
loss were much delayed (upto 13.45, 16.95 and 17.52 days respectively) in the
case of flowers packed in polythene covers. Total vase life of flowers was also
the highest (19.60 days) in this treatment compared to 16.68 days in control.
Use of ethylene absorbant (KMnOy) also enhanced the vase life.

The effect of combinations of the best treatments including pulsing, plugging
and waxing in packing was also significant in enhancing the keeping quality of
" anthurium flowers. The highest number of days for spadix necrosis, spathe
blueing and gloss loss to set in (13.62, 17.08 and 17.48 days, respectively) was
the highest-in-the flowers pulsed with BA 150 ppm for 8 hours, cut end of the
stalk plugged with BA 50 ppm and then packed in polythene covers with



KMnOQ, after waxing the spathe and spadix. Total vase life of the flowers was
also the highest (18.57 days), in the same treatment compared to 13.45 days in

control.
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APPENDIX-I
ANALYSIS OF VARIENCE FOR THE EFFECT OF DIFFERENT TREATMENTS IN GROUND AND POT PLANTING.

-

Character Treatment mean sum of squarcs (months)

(sourcc) DF 1 2 3 4 5 6 7 8

Plant height ' :

Pot N 18 6.98 8.49 10.77 13.51 14.80 © 15.65 15.36 18.08
G 6 2.40 2.47 5.68 6.64 8.13 1121 13.23 16.67

Ground N 18 0.89 142 224 3.11 557 1576 824 14.48
G 6 1.89 2.51 2.75 4.07 7.25 8.04 11.95 16.07

Plant sprcad-EW ‘ :

Pot N 18 291.53 318.61 23332 23859 74.82 318.18 37758 32991
G 6 21071 © 23162 291.05 78.63 91.40 114.65 125.57 273.16

Ground N 18 281.56 282.24 185.19 25977 133.07 199.89 32224 31042
G 6 154.24 147.12 139.19  163.27 62.48 48.47 27062 381.99

Plant sprcad-NS

Pot N 18 176.47 207.88 168.81 179.81 184.44 349.45 198.01 29865
G 6 39.27 41.54 24.60 24.59 56.50 45.06 137.01 27843

Ground N 18 316.87 300.50 181.02  197.96 328.22 87.95 35192 1092.81
G 6 81.86 101.46 95.97 99.79 53.92 12.96 76.07 118.35

No. of leaves

Pot N 18 4.03 5.35 4.86 10.17 17.81 18.22 17.42 21.78
G 6 5.08 436 4.56 5.74 13.11 11.35 12.66 13.92

Ground N 18 10.59 12.08 10.91 11.58 11.94 18.80 23.72 29.08
G 6 241 4.54 3.68 5.19 6.33 14.46 18.80 26.80

Leaf length

Pot N 18 9.16 11.73 1297 13.48 14.06 55.57 23.95 42.76
G 6 2.11 4.09 , 291 3.37 6.18 12.63 18.37 39.07

Ground N 18 53.21 66.31 i 75.27 68.28 14.88 2123 20.49 24.66
G 6 16.64 1953 4 23.11 32.30 30.58 24.39 15.28 11.99



Leaf breadth
Pot

5.05

10.27

8.88

N 7.36 9.05 20.76 11.34 13.98
G 6 3.54 3.23 1.97 1.68 1.44 3.20 8.65 17.79
Ground N 18 14.28 13.76 +10.96 6.11 5.86 3.87 9.60 10.58
G 6 6.83 10.66 i 8.49 5.96 2.19 5.35 932 8.72
Leaf arca H
Pot N 18 518.77 1293.57 1197.05  1355.25 1760.78 9372.06 342991  5627.06
G 6 203.82 774.53 304.82 402.65 640.07 1868.29 2604.09  5667.97
Ground N 18 3109.67 3746.62 5008.89  5382.63 6135.83 2321.93 3531.86  4021.50
G 6 1395.92 2453.08 2976.68  3724.15 2457.05 3576.40 2436.66  2169.04
No. of suckers :
Pot N 138 0.60 0.85 1.35 1.80 2.50 4.85 4.30 4,95
G 6 0.65 0.65 0.60 2.16 3.65 8.77 13.06 19.62
Ground N 18 0.58 1.20 1.50 2.36 2.50 3.35 3.80 423
G 6 0.21 0.24 0.73 4.04 7.33 8.10 10.20 12.71
Interval of leaf producti
Pot N 18 59.03
G 6 21.28
Ground N 18 61.56
G 6 27.62
Infl.char, DF dtf f/p iofp stalk | spathc | spadix |
Pot N 18 83964.88 7.95 6347.75 1504.01 180.24 2541
. G 6 5087.81 5.20 395540 126.58 22.17 5.21
Ground N 18 86133.26 13.40 5256.60 666.14 90.61 9.72
G 6 5185.33 3.93 610.62 83.64 12,15 1.13




Pigment and

DF

Cha

Chab

Cha Tot

Antho N p K

nutricnt content
Pot N 18 51.17 16.09 113.55 1181746 16.02 0.33 0.17

G 6 60.62 398 . 39.14 868.43 0.22 0.10 0.05
Ground - N 18 27.65 8.09 43,88 13182.62 4.25 0.36 0.60

G 6 36.23 10.80 80.37  2009.33 0.72 0.04 0.05
Vasclifc study DF Sp. blu Spd.nec Gloss Vasclifc PLW CpH CEC C.vol.
Pot N 18 81.22 58.44 86.08 205.07

G 6 102.93 136.36 14368 293.80
Ground N 18 254 87 287.71 316.26 353.72

G 6 229.00 i 153.75 182.03 411.67
Pulsing 14 1660.22 © 284.56 881.56  2007.99 123.50 22.96 0.02  3136.80
Plugging 12 203.49 69.50 89.23 199.97
Packing 11 66.69 2323 31.05 40.93
Waxing 4 7.17 0.50 9.40 8.27
Packing with 11 100.08 48.22 94.83 96.12
combination of
trecatments

{
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ABSTRACT

Investigations on regulation of flowering and post-harvest behaviour of
anthurium cv. ‘Hawaiian Red” were conducted at the Department of Pomology and
Floniculture, College of Horticulturé, Vellanikkara, duﬁhg 1996-98.. _......

. The treatments included the application of nutrient solutions with
différent ratios of NPK (1:1:1, 1:1:2 and 1:2:2), at different concentrations (0.25%,
0.50% and 1.60%) and intervals of application (weekly and biweekly); Ca (0.50%),
Mg (0.50%) and Vitamin B;; (100 ppm), all along v;/ith control at monthly interval;
and growth regulators (BA and GA) at 500 and 1000 ppm and their combinations at
250 and 500 ppm, each, at monthly interval. The treatments were applied on plants
growing in ground as well as in pots. The effects of the treatments on growth,
flowering and post-harvest longevity of flowers were studied. Expeniments were
also conducted to enhance the vase life of flowers by means of ptﬂsing, plugging
and waxing; to standardise the best method of packing of flowers and to study the
effect of ethylene absorbant (KMnQ,) on the post harvest longevity of flowers.

‘ Results of the experiments revealed that the different ratios of major
nutrnients, their concentrations and intervals of application did not differ significantly
with respect to the vegetative characters of the plant. Their effect on time taken for
tflowenng and flower characters were also not significant during the pertod of the

experiment. Application of Ca, Mg and Vit. Bi; also did not make any significant

effect.

The nutrient content of leaves increased, in general, with the increase in
the ratio of the respective nutrient and concentration of the solution applied. In
ground, the highest N content (2.23%) was recorded in the case of application of

20:20:20 complex 1.0 per cent at weekly interval (N1C3W1) and the highest P and K



contents (0.77 per cent and 1.80 per cent respectively) were recorded in the case of
20:40:40 complex applied at 1.0 per cent at weekly interval (NsC3W)). In pot, the ~
- highest N content (3.38%) was for the application of 20:20:20 complex 0.25 per. |
cent at weekly interval (N;C;W,), P (0.78%) for 20:40:40 complex applied at 1.0
per cent at weekly interval (N;C;W,) and K (1.91%) for 20:20:40 complex applied

Sderias

at 1.0 per cent at wpek!y interval (NoC3W)).

The chlorophyll content of leaves also differed significantly among
treatments. Total chlorophyll content in ground planting was the highest (19.08
mg/g) for 20:20:20 complex applied at 0.25 per cent at weekly interval (N;C,W))
and in pot planting, the highest content (21.84 mg/g) was for the application of
20:20:20 oomélex 0.5 per cent at biweekly interval (N;C2W5).

Plants in ground planting were not significantly better than those in pots

with respect to the plant and flower characters studied, during the course of the

experiment.

Vase life of flowers differed significantly among treatments. Flowers from
the trealment- with high ratio of K at lower concentration (20:20:40 complex at
0.25%) at weekly interval showed the maximum vase life of 19.00 days, each, in
ground and pot planting, compared to 15.00 and 14.25 days, respectively, in the

corresponding controls. Plants in this treatment flowered earlier and produced the

highest number of flowers.

With regard to the-application growth regulators, the most significant
effect was on the production of suckers. Application of GA 1000 ppm at monthly
interval (G,C3M)-produced the maximum number of suckers in ground (3.00) and
pot (3.50) while the control plants produced no suckers. This treatment was on par
with the treatment involving the lowest concentrations of BA and GA combined



together (350 ppm + 250 ppm). This treatment also retained the highest content of
K in leaves. With respect to the vase life of flowers also, this treatment was on par
with the treatment which recorded the highest value (20.67 and 23.50 days,
respectively) for \-/‘ase life of flowers in ground and pot, while the vase life was only

15.00 and 14.25 days, respectively, in the corresponding controls.

The chlofophyll content of leaves significantly differed among treatments.
In ground, the highest content (22.06 mg/g) was in the case of application of GA
500 ppm at monthly interval (G,C,M) and in pot, .it was 21.27 mg/g for the
combined application of BA and GA, each at 250 ppm [(G;+G2)CiM].

-
T g

With respect to the anthocyanin content of flowers, the combined

application of BA and GA (500 ppm, each) was significantly better in ground
planting than the application of either of these growth regulators alone.

The highest number of flowers/plant in ground (2.34) was produced by
the combined application of BA and GA 250 ppm, each [(G;+G2)CiM] compared to
1.00 in control and in pot, the highest value was 1.78 in BA 500 ppm, GA 1000
ppm and combination of BA and GA 500 ppm, each, compared to 1.55 in control:

Post harvest studies revealed that, pulsing with BA 150 ppm for 8 hours
recorded the highest vase life (19.50 days) compared to 9.00 days in control. Among
the plugging treatments, BA 50 ppm recorded the highest vase life (10.44 days)
compared to 5.67 days in control. Among the packing methods, that in polythene
covers with waxing and KMnQ, in packing cases, e{gtended the vase life to 13.5

days, compared to 10.5 days in control.

In the study using the combination of treatments in packing, pulsing with
BA 150 ppm for 8 hours, plugging with BA "50 ppm and packing in polythene



covers with KMnQ; after waxing the spathe and spadix recorded the highest vase
life of the flowers of anthurium cv. ‘Hawaiian Red’ (13.62 days) compared to 9.92
days the method now used for packing anthurium flowers which involves
plugging ‘the cut-end of the stalk with a cotton dipped in water and co'vering the
spathe and spadix with a polythene cover.

l’”Ai/ALS’"




