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. Plate 1. Golden rod in vase
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I INTRODUCTION

Solidago, commonly knbwn as golden rod belongs to the
family Asteraceae. The genus comprises about 130 species of
perenhnial hérbs and a shrub. Most of the species are native to
North America, a few . species are found in South America,
temperate Europe and Asia. Though it extensively finds it’s
presence in every garden and is also cultivated for cut flowers
all over the world, however, statistics on it’s area and

production is not available.

Solidago canedensis L. is cultivated for its attractive
yellow coloured flowefs, arran"ged in rod shaped inflorescence,
hence it is commonly called as golden rod. The common name
refers to the appearance of flower. The herb is not mentioned
much in ancient writings, but there is evidence that it was
particularly promoted by Arabs, Italians and Germans as a

wound healing herb.

The genus solidago comprises species like Solidago
canedensis, Solidago virgaurea and Solidago memoralis which are
grown in beds, .borders, rock gardens and also for cut flowers.
Golden rod is generally used as cut flower for indoor decoration
in vases. It is used either singly or with other flowers in
flowér bouquets and also as a dry flower. Several interspecific

hybrids have been evolved from -Solidago canedensis and



Solidago virgaurea which are more free flowering and have

showy flowers than the parental species.

Some of the popular cultivars are Ballardi, Golden

gates, Golden wing and Peter pan.

Solidago canedensis L. is an erect growing perennial
plant with simple alternate leaves and produce large panicles of
yellow flowers for most parts of a year. Fldwers in spikes open
in basipetal manner from top towards bottom a.nd has a good
shelf-life. They occur as common wild plants and propagated by
division of stools, suckers or seeds. The plants ar;a easy to
grow, they flower throughout the autumn and thrives in sun or

shade in alimost any soil.

Essential oils, flavonoides, glycosides, tannins, saponins
and various organic acids derived from solidago are used as
anti-inflamatory ointment for urinogenital and chronic skin
problems apart from being used as adjuvant along with other

remedies of benefits in asthama, arthritis and rheumatism.

A popular and an attracfive flower like golden rod has a
promising untapped export potential besides local demand for
the Indian floriculture industry. Though climatic and
~ geographical factors affect the yield and quality to some extent,
nutrition plays a major role. Toxic levels of nutrients adversely
affect the quality of ornamental plants and flowers. In general,

nitrogen, phosphorus and potassium have been found to



influence production and quality of flowers. Besides increasing
the production, conservation of flowers for longer duration goes
a long way in meeting the ever increasing demand for the
flowers. Improvément in quality of flowers and conservation
necessitates research into the basic and applied aspect of flower
physiology. Therefore, studies were undertaken in golden rod

(Solidago canedensis L.) with the following objectives.

1. To findout the effect of nitrogen, phosphorus and

potassium on plant growth and flower yield.

2. To findout suitable dose of nitrogen, phosphorus and

potassium for getting maximum flower yield.

3. To findout suitable chemical to extend longevity of cut

flowers of golden rod.
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I REVIEW OF LITERATURE

Information on nutrition and vaselife of golden rod is
very meagre. Therefore, such information pertaining to other
crops like carnation (Dianthus caryophyllus L.) petunia (Petunia
byb'rfda), marigold (Tegetes erecta L.), china aster (Callistephus
chinensis Nees.), Zinnia (Zinnia elegance), Chrysanthemum
(Chrysanthemum morifolium Ramat.), Gerbera (Gerbera jamesonii
Hook.), Cosmos (Cosmos sulphurians Wild.), Sunflower  (Helianthus

annus L.) have been reviewed.
2.1 Importance of nutrition in flowering annuals

Mengel (1969) observed that an interruption in plant
nutrition even for a short period had a negative effect on the
yield and this couldnot be corrected later by nutrient supply.
He also stressed the need for adjustment of nutrient supp'ly to
specific requirements of the plants during the growth stages to
attain maximum yield. Tayama et al (1974) reported that regular
application of fertilizers would not only maintain the sturdy

growth of the plants but also improve the quality also.

Judicious and balanced fertilizer are known to result in
overall improvement in quality of flowers and total flower yields

in many crops (Elengovan, 1975 and Mantrova et al, 1976).

Nutritional studies carriedout by Raman et al (1967) in
the field grown chrysanthemum showed that higher number of

flowers and flower yield combined with increased flower size



could be obtained by application of N at 370, P,05 at 407.5 and
K at 308.75 kg per hectare.

2.2 Nutrient elements and its effects

2.2.1 Nitrogen

Noggle and Fritz (1979) summarised various levels of
nitrogen in plants. Nitrogen is a component of amino acids
which are essential for protein synthesis. Many co-enzymes also
need nitrogen for their synthesis. It is also a component of
cytochrome and chlorophyll a and b that are needed for

photosynthesis.

Nitrogen was found to greatly influence the growth,
flower produc;cion and quality of bloom in many ornamental
flowering plants. Favourable effects of nitrogen nutrition on
crop growth and flower production have been stressed by many

workers. .

Extensive trials by Penningsfeld (1973) on the nutrient
requirements of herbaceous plants revealed that phlox tolerated
upto 300 kg N per hectare and chrysanthemum was best with

200 kg N per hectare.
2.2.2 Phosphorous

Phosphorous is also one of the major nutrient elements
which influence the yield of many flower crops. It is also .
multifactional in plant metabolism and as phosphate ion is of

greater importance in trapping, conserving and donating
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energy metabolism. The uptake of N is associated with ‘P’
uptake. The free amino acid content is reduced and amides

accumulated when ‘P’ is in short supply (Sircar and Sen, 1941)

Booth (1957) emphasised the need for heavy dressing of
P through superphosphate before planting for commercial
production of aster flowers. Kazimivora (1975) stressed the

need of ‘P’ at the start of growth during flowefing.

In Chrysanthemum, Joiner (1967) evaluated the need for
‘P> during flower initiation and development and in his study
increased ‘P’ levels from lower to medium resulted in an

increase in stem length and flower diameter.
2.2.3 Potassium

Potash act as a catalyst for various enzymes and co-
enzymes, protein and starch synthesis takes place in the
presence of potassium. It has a vital role in translocation of

metabolites.

2.3 Effect of NPK

2.3.1 On growth and growth components

Increased plant height was noted at higher levels of
nutrients in marigold, zinnia and cosmos (El-Gamassy et al,
1965_). Bose and Das (1966) reported that deficiency of N and
P caused stgnted growth, reduction in number of leaves in

China aster, Zinnia and Salvia.



é&rora and Saini (1976) observed in carnation increased
plant height and number of shoots when nitrogen and

2

phosphorous were applied at 40 and 20 g per m respectively)
-

Maheshwar (1977) reported increased number of
branches, plant height, number of leaves, leaf area when N and
P applied 180 and 120 kg per hectare respectively in china

aster.

Ingawale (1979) reported that balanced application of
nutrients brought about a significant increase in number of
branches, plant spread, stem thickness, leaf area and flower

yield in marigold.

‘Nalawadi (1982) observed that nitrogen was effective in
increasing vegetative growth eVer‘ P,05 and noted that
increasing plant height, number of leaves, leaf area and leaf
area index due to increased level of nitrogen from 75 to 225 kgs

per' hectare.

&amachandra (1982) reported that plant height, number
of leaves, leaf area, leaf area index, total dry matter production
in china aster were increased upto the level of N 120 kg and
P505 60 kg per hectare and they were reduced at higher 1evelj
In the same crop Narayanagowda (1985) noticed increase in plant
height, number of leaves, leaf aree. and dry weight at 180 kg N,
120 kg P,05 and 100 kg K,0 per hectare.

’



Dongre (1984) reported in marigold increased plant
height, dry matter content in marigold at highest level (40 gm
per m2) of nitrogen, further he observed that increased plant

height due to highest level of phosphorous at 40 g per m2,

however ‘he noted that the interaction effects of nitrogen and

phosphorous were non—significant.

Mantur (1988) observed in China aster increased plant
height, number of branches, leaf area, total dry matter
production with increasing levels of N and P but effect of K

showed reverse results.

Sharanabasappa (1990) observed that in helichrysum the
application of 150 kg N + 100 kg P recorded tallest plants with

more number of branches, leaves, leaf area and leaf area index.

Sigedar et al.(1991) reported that significant increase in
plant height, number of branches and plant spread with the
increase in application of nitrogen, phosphorus and potassium
levels in calendula. He further reported that application of 100
| kg N, 50 kg P05 and 25 kg K5O had shown maximum growth.
Jana and Pal (1991) noticed increased plant height, number of
branches and n}ﬁmber of leaves at hi_gher nitrogen levels in

CcosSmos.

Lodhi and Tiwari (1993) noticed that plant height and
spread were greatest with 45 g N + 45 g P per square meter,
while the higher number of branches recorded with 30 g N + 15

g P per square meter area in the field grown chrysanthemum.



Zile Singh et al (1996) reported that increase in doses
of nitrogen, phosphorous and potassium, the plant height,
number of leaves and number of branches increased
significantly, however application of K did not affect the plant

height and number of branches in dahlia.
2.3.2 On flowering, yield components and flower yield

Nutritional studies carried out by Raman et al (1967) in
the field grown chrysanthemum over a period of three years
showed the possibility of obtaining higher number of flowers
and flower yield combined with increased flower size by the
application of N at 370, P,O5 at 407.55 and K,O at 308.75 kg per
hectare. The need of a heavy basal dressing of P for
commercial production of asters has been established by Booth

(1957).

In chrysanthemum, Joiner (1967) established the need of
P during the periods of flower initiation and flower development.
Increase in phosphorous from lower to medium levels resulted in
the increase in stem length and flower diameter. Winsor
(1962) reported that in carnation P fertilization resulted in

an increase in flower production by about 20 per cent.

Rober (1971) observed that with the increased nitrogen
concentration, the total flower yield as well as the number of
open and closed flowers in chrysanthemum icnreased. Extensive

trials on phlox by Penningsfeld (1973) on the nutrient



10
requirements, reported it tolerated upto 300 kg N per hectare.
The higher nitrogen levels were found to delay the flowering

and shortened the vaselife.

Delayed flowering was associated with higher rates of
nitrogen application above 100 kg per hectare in chrysanthemum
(Words worth and Butters, 1973). However, earliness was

enhanced by higher potash rates of 200 to 600 kg per hectare.

Maheshwar (1977) did not find any influence of nitrogen
or P on time taken for 50 per cent flowering in china aster,
while more number of flowers, flower size, fresh weight of
flowers and flower yield increased with increasing levels of N

and P.

Nalawadi (1982) found that application of 225 kg N, 120
kg P505 with 60 kg K,O gave significantly higher flower yield
in all the eight varieties of marigold studied. He further
reported significantly higher number of flowers, flower size,
flower length, flower weight and flowering duration under the
séme fertilizer combination. However, significantly more number
of days were taken for commencement of flowering at higher

levels of N and P tried.

Mokashi (1988) recorded maximum flower yield per
hectare with the application of 150 kg N and 80 kg P per

hectare in gaillardia.
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Mantur (1988) reported that delayed flowering with
nitrogen and phosphorus and maximum flower yield recorded

~with 180 kg N, 120 kg P,O5 and 75 kg K50 per hectare.

Singh Lodhi et al (1990) reported that the delay in
number of days taken to visible bud, days to complete bud
formation and days to complete flowering with increasing N rates

but application of P improved earliness in chrysanthemum.

Khimani (1991) observed that nitrogen (150 kg/ha)
enhanced the flowering and took minimum days to first and 50

per cent flowering.

Gowda et al (1991) observed that an increased
phosphorous and potassium rates resulted in greater number of
‘flower spikes and number of flowers per spike. The higher
yield of flower, longest spike were obtained with 200 kg N + 75
kg P05 + 25 kg KyO per hectare in tuberose. In the same
crop Parthiban and Khader (1991) recorded application of 100 kg
N + 75 kg Py05 + 62.5 kg K5O per hectare resulted in higher
number of spikes per plant, number of flowers and higher

flower yield per hectare.

Nitritional studies carried out by Sigedar et al (1991) in
calendula reported that the increased nitrogen, phosphorous and
potassium levels producec} significantly greater number and
weight of flowers per plant obtained when plants were supplied
with 100 kg N, 50 kg P,05 and 25 kg K5O per hectare.

Anuradha et al (1990) reported that number of flowers per
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plant and the individual weight of single flower increased with
increasing N and P rates. Flower vase life decreased with
increasing N rates, where as P had no significant effect in

marigold.

Lodhi and Tiwari (1993) worked on field grown
chrysanthemum and observed beneficial effect on maximum size
and number of flowers per plant were obtained with 30 g N + 15
g Py05 per square meter. Higher yield and dry weight of
flowers were obtained with 30 g N + 45 g P,05 per square

meter.

. Amargeet Singh et al (1996) reported that application of
high rates of N, P and K delay the spike emergence and
considerably prolonged the flowering period and shelf life of
flowers. He further reported that length of spike and rachis
increased . significantly with increasing doses of N and P
fertilization, increasing K application increased rachis length at

bpeﬁing of the last floret, but not the first floret in tuberose.

Zile Singh et al, 1996, reported that increase in doses of
nitrogen phosphorous and potassium, number of flowers per
plant and size of the flower increascd- significantly, but
application of K did not affect the size of the flower in case of

pot grown dahlia.
2.4 Nutrient uptake

The plant analysis is one of the techniques adopted for

determining nutritional requirement of crops. Optimum



13

nutritional level in plants for good growth and yield have been

worked out in different plants.

The complementary effact of one nutrient element over
the other in the uptake process is well established by many
workers. Grunes (1959) studied that effect of N on the
availability of soil and fertilizer P05 to plants and stated that
addition of N stimulated the uptake of phosphorous.'

Joiner and Smith (1962) found four to five per cent of
drymatter to be nitrogen and five to six per cent potash in
leaves. They further reported that potash application had
antagonostic effect on the uptake of phosphorous, calcium and
magnesium, while nitrogen had a synergistic effect on the

uptake of nutrients.

Wittwer (1969) found an increased uptake of soil and
fertilizer P05 in the presence of ammonical N in the medium. A
similar observation was made by Dhote and Ballal (1964) on the

uptake more of P05 in the prese'nce of nitrogen.

Maheshwar (i977) indicated that the plant analysis~ values
of total N and total P at final stage of growth, revealed generali
increase in the uptake of each nutrient with the increasing
levels of their application. He attributed this trend to their

well developed plant structure and higher plant dry weight.

In marigold, Ingawale (1979) obtained significantly higher

levels of N and P content with application of different levels o
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N and P, however, combined effect of N and P significantly

increased the uptake of N but not of P.

Nalawadi (1982) reported that application of 225 kg N +
120 kg P per hectare to marigold increased the total N and P
uptake by 1.5 to 1.0 times more as compared to the application
of 75 kg N + 60 kg P per hectare, respectively ét all the stages

of growth.

Mokashi (1988) noticed that the uptake of nutrients by
gaillardia did not commensurate with the increase in the level of
application of nutrients. Sharanabasappa et al (1990) reported
that total nitrogeh and phosphorous uptake increased with
increase in nitrogen and phosphorous levels from 0 to 150 kg

per hectare.

Mantur (1988) observed that the total uptake values of
N, P and K revealed .a general increase in the uptake of each
nutrient with increasing- levels of their application. He
attributed to their well developed plant structure and highér
dry weight of plants and their increased availability with

increased application.



2.5 EFFECT OF CHEMICALS ON VASE LIFE OF GOLDEN
ROD

2.5.1 | Effect of sucrose

Use of chemical preservatives to promote quality and
prolong the life of cut flowers is well known. The preservatives
are mainly composed of sugars, germicides, growth regulators

and other ingredients.

Sucrose concentration influences fluid uptake and
transpiration in cut flowers. Sucrose or preservatives
containing carbohydrate substitute for the naturally depleting
carbohydrates in cut flowers, reduced proteolysis. Coorts et al
(1973) reported that sucrose sustained quality, increased weight
and prolonged cut flower life of Snapdragon, Aster and

Marigold.

Kofranek et al (1975) observed that China asters have
lesser response to sucrose when used alone. Usually sucrose
improves the water balance and osmotic potential of flowers.
Sucrose enhanced effect of cytokinin in delaying senescence of
flowers and reduced the effect-of -ethylene, there by increasing
the vase life of the flowers. -Aeeerding to Mayak and Dilley
(1976) supplying cut flowers with exegenous sugar maintains the
respirable substrates in the flowers (Lukaszewska, 1981)
encourages protein synthesis (Paulin, 1986). Sucrose in vase

solution is found to increase the vase life of gladiolu

Th, 4902
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(Sangamma, 1993) and tuberose (Balakrishna, 1987 and Reddy,
1993).

2.5.2 Effect of Aluminium

Halevy and Mayak (1979) observed that aluminium sulfate
at 50 to 100 ppm used in preservative formulation reduces the
transpiration, lowers the pH of petals and stabilizes the
anthocyanin. Also, it reduces the bacterial growth by acidifying

the holding water and improved the water uptake.

Aluminium in the holding solution reduces transpiration
and improves water balance of cut flowers by inducing stomatal
closure. Aluminium sulfate proved to be effective in showing
the greater percentage of bloomed flowers. Significant
promotion in vaselife in rose (Gowda, 1987) and in tuberose

(Mukhopadhyay, 1980).

Aluminium sulfate in vase water decreased the number of
bacterial in the stems. The effect of the other chemicals namely
HPC, AgNO3 on the number of bacteria were variable (Doorn et
al, 1990 and Barendse, 1979). Al, (SO4)3 increased the vase life
with an increased fresh weight in cut roses (Stringter, 1978).
Slow release chlorine compounds maintain a low count of bacteria

in cut asters, gladioli and carnation.

Aluminium sulfate in combination with sucrose was found
best for the normal opening of even most tightly closed buds of

carnation (Basemer and Hasek, 1973), mimosa (Accati and Sulis,
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1980), gladiolus (Gowda and Gowda, 1990), Rose (Ahn and Um,
1991 and Barman et al, 1996) and golden rod (Patil, 1995).

2.5.3 Effect of Benzyl Adenine

Use of several growth regulators in control of flower
senescence has been demonstrated. Best results were obtained
with carnations (Eisinger, 1977; Mayak and Kofranek, 1976).
Cytokinins not only promote longetivity but also the sensitivity
to ethylene was reduced and burst in ethylene produced

delayed.

A momentary dip of Authurium flowers in BAg (10 ppm)
extended longevity and increased the tolerance of the flowers to

chilling (Shirakawa et al, 1964).

Cook et al (1985) studied the regulation of ethylene
biosynthesis and action in carnation flower senescence by
cytokinins. Benzyl adenine (BA6) maintained low levels of
ethylene production, delayed the decline in flower quality they

observed.

Extended vase life, improved flower quality, increased
fresh weight, water uptake, when cut gladiolus spikes
pretreated with solution combination having 8-HQC (200 ppm)
and BA (20 ppm) with four per cent sucrose, further exhibited
reduced ethylene process and reduced respiration rate (Hwang

and Kim, 1995).



18

Vase solutions containg IAA, BA and GA plus four per
cent sucrose and 8-HQS at 200 mg per litre. The chlorophyll
content of cut roses were generally low, when the flowers were
placed in preservative solutions contain growth regulator
compared with those in distilled water containing growth
regulators.  Flowers kept in distilled water with GA and BA
showed high chlorophyll content, but they were not significant

at five per cent level (Lee and Kim, 1995).
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IIT MATERIAL AND METHODS

Experiments were carriedout in two locations during
1996-97. Nutrient management study was conducted at the
Kittur Rani Chennamma College of Horticulture, | Arabhavi,
University of Agricultural Sciences, Dharwad. Experiment on
Vase life study was carriedout in the Department of Horticulture,
College of Agriculture, Dharwad. The details with reference to
location and the techniques adopted during the course of

investigations are presented briefly.
3.1 Geographical location

Arabhavi is situated at 16°-12° North latitude and 74°-
54’ East longitude at an altitude of 640 m above mean sea
level. The average rainfall is about 566 mm and is fairly

distributed from May to September.
3.2 Experimental site

The experimental site had black clay soil having clay
texture with a pH 8.0. The soil was fertile, physical and

chemical properties of the soil are furnished in the Appendix.
3.3 Climatic condition

The average rainfall was 540.9 mm and fairly distributed
from April to November. Mean maximum temperature varied from

38.0°C in April to 25.7°C in December. Mean minimum
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temperature varied from 22.5°C in July to 12.2°C in January.

The relative humidity fluctuated between 50 to 83 per cent.

The meteorological data for the year 1996-97 and mean of
last ten years recorded at Agricultural Research Station,

Arabhavi are given in Appendix-I.

3.4 Experimental details

3.4.1 Experiment I

Effect of mnitrogen, phosphorus and potassium on
plant growth, flowering and flower production in golden

rod (Solidago canedensis L.)

The experiment was conducted during July - September
1996. The treatment consisted of two levels of N (100 and 150
kg/ha), three levels each of P505 (50, 100 and 150 kg/ha) and
K50 (50, 100 and 150 kg/ha). Totally there were 18 treatment

combinationsdetailed below :

N{P{K; - 100:50:50 kg/ha

N{P{Ky - 100:50:100 kg/ha
NyP;K3 - 100:50:150 kg/ha
N{P»K; - 100:100:50 kg/ha
N;PoK, - 100:100:100 kg/ha
N;PoK45 - 100:100:150 kg/ha
NyP3K; - 100:150:50 kg/ha
N;P3K, - 100:150:100 kg/ha

T N

=
o

. NpP;K; - 150:50:50 kg/ha
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11. NpP{K5 - 150:50:100 kg/ha
12. NyP{K3 - 150:50:150 kg/ha
13. NyPpK; - 150:100:50 kg/ha
14. NyPyoK5 = 150:100:100 kg/ha
15. NyP5K4 - 150:100:150 kg/ha
16. NoP3K; - 150:150:50 kg/ha
17. NpP3K, - 150:150:100 kg/ha
18. NpP3K43 - 150:150:150 kg/ha

3.4.2 Design and layout

The experiment was laidout in a factorial randomised
block design with three replications. The layout map is given
in Figure 1. The size of the gross plot was 2.25 m x 1.6 m and
net plot size was 1.8 m x 1.2 m. The spacing followed was 45

cm inter row spacing and 20 cm intrarow spacing.
3.4.3 Land preparation

Land was prepared and brought to a fine tilth by deep
ploughing and repeated harrowing. Weeds and other debris
were collected and burnt. A spacing of 0.5 m between two
replications was left for laying out the irrigation channels and

bunds.
3.4.4 Planting material

Suckers of golden rod collected from Floriculture Unit,
College of Agriculture, Dharwad were used for planting at

Arabhavi.
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FIG. 1. LAYOUT PLAN OF EXPERIMENT ON THE EFFECT OF
NPK LEVELS ON PLANT GROWTH, FLOWERING AND
FLOWER PRODUCTION IN GOLDEN ROD
(Solidago canedensis L.)
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3.4.5 Application of fertilizers

Nitrogen, phosphorous and potassium were applied in the
form of urea, single superphosphate and muriate of potash
respectively before planting in the furrows opened for planting

the suckers.
3.4.6 Cultural operations

Hand weeding was carried out as and when required.
Irrigation was given at regular interval ranging from seven to

ten days depending on climate and soil moisture status.
3.4.7 Harvesting

The flower stalks were harvested when 20 per cent of
the flowers at the top of the spikes were open and used for the
studies on different aspects.

3.5 Collection of experimental data from the field
experiment

For collection of data from the field five plants were
selected in each treatment at random and tagged. Data were

collected from these plants for vegetative characters, flowering

and spike characters at 30, 60 and 90 day after planting (DAP).



Plate 2. General view of the experimental plot on effect of NPK on
plant growth, flowering and flower production in golden rod
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3.6 Vegetative Growth parameters
3.6.1 Height of plant

The plant height was measured from ground level to the
growing tip in cm from the tagged plants at 30, 60 and 90 days

after planting and average was workedout.
3.6.2 Number of leaves per plant

Number of leaves produced by plants was recorded by
counting the number of leaves at 30, 60 and 90 days after

planting and average number of leaves per plant was workedou

3.6.3 Number of suckers per plant

Number of suckers per plant was counted at 30, 60 and
90 days after planting and average number of suckers per plant

was worked out.
3.6.4 Dry matter production

Dry matter production was estimated at 60 days after
planting. Three plants were cut to the ground level from
second ring line stem and leaves were separated and oven dried
separately at the temperature of 60-70°C. Dry matter at
different parts was weighed in grams. Total dry matter was'_
calculated by adding weight of leaves and stem of respective

stages and average was worked out.
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3.6.5 Leaf area

The leaf area (dm2) was estimated by disc method as
suggested by Johnson (1967). It was estiamted at 60 days after
planting. - Plants uprooted for determination of dry matter
production were used for this purpose. From the foliage 25
leaves were selected randomly and with the help of cork borer
25 discs were rémoved these discs and entire foliage were oven
dried. The weight of dried discs and foliage was noted
separately. The area of each leaf disc was calculated by using
the formula mr?. Based on the weight and area of the leaf discs
and the weight of the entire dried foliage the leaf area was

calculated by using the following formula.

Wa x A
wd

LA

Where,
LA = Leaf area (dm2)
Wa

Weight of foliage (inclusive of the weight of
25 discs) in grams

Wd = Weight of 25 discs in grams
A = Area of 25 discs

3.7 Reproductive parameters

3.7.1 Days to first flower appearance

The observation was recorded by counting the days from
the date of planting to the stage at which the first flower bud

appeared in tagged plants and average was worked out.



3.7.2 Days taken for 50 per cent flowering

The number of days taken for 50 per cent of the
flowering from each plot was recorded by counting the days

from the date of planting.
3.7.3 Length of flower stalk

Length of flower stalk was measured from the point of
origin to the tip of the last floret of the flower stalk. This was

recorded from the tagged plants.
3.7.4 Number of spikelets per flower stalk

Number of spikelets produced in each main flower stalk
of the tagged plants was counted and number of spikelets per

flower stalk was worked out.
3.7.5 Weight of the flower stalk

For recording the weight of the flower stalks, these
were cut when the first top ten per cent had opened and were
weighed. To workout the average weight of flower stalks
minimum of five flower stalks were used which also included

those taken and used for the vase life.
3.7.6 Length of rachis

Length of rachis was recorded from the observation
plants. .Length of rachis was measured as the portion of the

flower stalk bearing the florets. It is measured from the base
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of the origin of the first basal rachis to the tip of the flower
stalk.

3.7.8 Flower yield

Number of flower stalks produced by the observation
plants as well as by the entire plants in a plot were counted
for three major flushes over a period of 150 days and average
was worked out and used for calculation of yield per plant, plot

and hectare.
3.8 Chemical analysis of the plants

The oven dried plant material used for estimation of dry
matter content = was used for the purpose of chemical
analysis. The oven dried plant material was finally ground to

fine powder and used for further analysis.
3.9.1 Nitrogen

Nitrogen content was estimated wusing Microkjeldahl
method (Yoshida, 1972) after distilling ammonia into boric acid
and titrating the ammonia collected against standard Hcl using

methyl orange as a indicator.
3.8.2 Phosphorus

Phosphorus was estimated by vandadomolybdophosphoric

yellow colour method in nitric acid system (Jackson, 1967).
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3.8.3 Potassium

Wet digested samples were diluted and they were fed to

flame photometer to estiamte potassium content (Yoshida, 1972).
3.9 Statistical analysis

Statistical analysis of the data was done by following the
Fisher’s analysis of variance technique as given by Panse and
Sukhatme (1967). The level of significance used in "F" and "t"

tests was P = 0.05.
Correlation studies

Correlation coefficients were worked out between
important characters and flower yield per hectare. The values
of correlation coefficients (r) were calculated and the test of
significance was applied as per the procedure out lined by

Panse and Sukhatme (1967).
3.10 Economics of returns

The cost of cultivation was worked out by considering
market prices of different inputs. The prises of nitrogen,
phosphorus and potassium were Rs. 3.66; 2.85 and 3.70 per kg
respectively. Cut flowers were sold at the rate of Rs. 0.10 per

flower stalk.
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3.11 Experiment II
3.11.1 Effect of chemical on vase life of golden rod

For the vase life study, flower stalks from a crop grown
under standard cultural practices were used. Flower stalks
were cut when ten per cent of the florets had opened and were
taken to laboratory by keeping the cut ends in water. Uniform
flower stalks with special reference to size and length were
selected and cut ends of the flower stalk stem was recut leaving
about 20 cm uniform stem length from the basal florets, before
transfering them to test solutions. All the leaves were removed
except one or two near the basal florets. Test solutions were
prepared by using distilled water. Distilled water was used as
control. Three flower stalks were kept in conical flasks having
250 ml of test solutions or distilled water as the case may be
and then the bottles were plugged with cotton wool. Details of

the experiment are as follows.

Design : Completely Randomised Block Design

Replications : Three
3.11.2 Treatments

1. 6-Benzyl aminopurine (BA6) @ 5 ppm

6-Benzyl aminopurine (BA6) @ 10 ppm

6-Benzyl aminopurine (BA6) @ 5 ppm + Sucrose 2%
6-Benzyl aminopurine (BA6) @ 10 ppm + Sucrose 2%
Aluminium sulphate @ 50 ppm

ol T

Aluminium sulphate @ 100 ppm
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7. Aluminium sulphate @ 50 ppm + Sucrose 2%
8. Aluminium sulphate @ 100 ppm + Sucrose 2%
9. Distilled water (Control)

3.11.3 Observations

To collect the data, flasks with solutions and with or

without flower stalks were weighed on alternative days.
3.11.4 Water uptake

The difference between the consecutive weights of the
flasks with solution (without the flower stalk) represented the

water uptake by the flower stalks.
3.11.5 Loss of water

‘The difference between the consecutive weights of
conical flasks with solution plus flower stalks represented the

transpiration loss of water.
3.11.6 Fresh weight of flower stalks

The difference between the weight of the conical flasks
with solution plus flower stalks and weight of the conical flask
plus solution represented the fresh weight of the flower stalks.
Fresh weight of the flower stalk was worked on percentage

basis by taking original weight as 100 per cent.
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3.11.7 Water balance

The water balance in the tissue of flower stalks was
calculated by deducting the total transpirational loss of water

from the total water uptake.
3.11.8 Vase life

Flower stalks were discarded when fifty per cent florets
wilted. This stage.was considered to- be the end of potential
useful longevity of golden rod flower stalks and the number of
days taken for this was recorded by daily observation of flower

stalks till they were found unfit for continuing in the vase.
3.12  Statistical analysis

The analysis and interpretation of the data were done
using the Fisher’s method of analysis of variance technique as
given by Panse and Sukhatme (1967). The level of s‘ignificance
used in ‘F’ and °‘t’ test was P = 0.05. Critical difference values
were calculated for the P = 0.5 probability level whenever °‘F’

test was found significant.
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IV EXPERIMENTAL RESULTS

The results of the present investigation entitled "Studies
on nutrition management and vase life of golden rod (Solidago

canedensis L.) are presented in this chapter.

4.1 EXPERIMENT 1 : "EFFECT OF NITROGEN, PHOSPHORUS
AND POTASSIUM ON PLANT GROWTH,
FLOWERING AND FLOWER PRODUCTION N
GOLDEN ROD"

4.1.1 Vegetative growth parameters

4.1.1.1 Plant height

The data pertaining to plant height recorded at three
stages of crop growth (30, 60 and 90 days after planting) as
influenced by varying levels of nitrogen, phosphorus and

potassium and their interactions are presented in Table 1.

The effect of different levels of nitrogen on the plant
height were significant at all the growth stages. At 90 days
after planting maximum plant height (60.06 cm) was recorded
with Ny (150 kg N per ha) level. Minimum plant height (53.38
cm) was recorded with lower nitrogen level Ny (100 kg N per

ha) which differed significantly.

There were  significant differences among  the
phosphorous levels at all the growth stages. However, plant
height increased from P; (50 kg P,05 per ha) to P, (100 kg
P,05 per ha) but decreased at P5 (150 kg P,05 per ha) levels.
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At 90 days after planting maximum plant height (59.63 cm)
recorded with P, level and minimum plant height (55.12 cm)
recorded at P3 level. Whereas P, and Pj levels statistically

Wwere on par.

Increasing level of potassium decreased the plant height
significantly at all the three growth stages. Maximum plant
height (59.37 cm) was recorded with lower level of potassium K;
(50 kg K,O per ha), whereas minimum plant height (54.28 cm)
was recorded with higher level of potassium K5 (150 kg K50 per
ha). However, the treatments K, (100 kg K5O per ha) and K,

(150 kg K50 per ha) were found to be on par.

Among the interactions, none of them was significantly
superior in increasing the plant height at all the growth stages.
However, treatment combinations i.e., 150 kg N + 100 kg P505 +
50 kg K50 per hectare recorded maximum plant height (69.29 cm)
whereas minimum plant height (50.47 cm) recorded with
treatment combinations of 100 kg N + 50 kg P,05 + 150 kg K,0

per hectare at 90 days after planting.
4.1.1.2 Number of leaves

The data on the number of leaves per plant are

presented in Table 2.

Application of nitrogen influenced the number of leaves
per plant significantly at all the three growth stages (30, 60
and 90 DAP). At 90 days after planting N, level recorded
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Fig. 2. Effect of nitrogen, phosphorous and pota

ssium on plant height and number of
leaves at 90 days after planting
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maximum (76.78) number of leaves per plant and N; level

recorded minimum number (70.63) of leaves per plant.

Similarly phosphorus levels increased number of leaves
per plant significantly upto P, level, further increase in
phosphorous level reduced the plant height significantly at all
the growth stages. However, maximum number of leaves per
plant (76.28) recorded with phosphorous at P, level and minimum
number of leaves per plant (72.01) recorded with Py level

Whereas Pj level (72.82) was statistically on par with Py level.

The effect of potassium was non significant both at 30
and 60 days after planting but significant at 90 days after
planting. Among the potassium levels K; was found to be the
best. Since the number of leaves per plant decreased with
increasing level of potassium. However, maximum number of
leaves per plant at 90 days after planting recorded with K4
(76.31) level and minimum number of leaves (71.72) recorded with
K3 level. Whereas K; and K, levels did not differed

significantly.

Among the interactions N x P at Ist stage was found
significant, remaining interactions at all the growth stages found
non-significant affecting the number of leaves per plant.
However, 150 kg N + 100 kg P,05 + 50 kg K50 combination
recorded maximum number l(83.58) of leaves, whereas 100 kg N +
150 kg P05 + 150 kg K5O combination recorded lowest (65.82)

number of leaves per plant at 90 days after planting.



4.1.1.3 Sucker production per plant

The data on the sucker production per plant as
influenced by different levels of N, P and K application and

their interactions are presented in the Table 3.

Application of nitrogen shows significant effect on
sucker production per plant at all the growth stages. At 90
days after planting N, level recorded maximum sucker
production (6.08) per plant and N; level recorded minimum (4.35)

number of suckers.

Application of phosphorus increased the sucker
production per plant significantly upto P, level. The further
increase in phosphorous level to P53 reduced the sucker
production significantly at all the growth stages. Maximum
sucker production (5.74) recorded with phosphorus at P, level

whereas it was minimum (4.63) in Py level.

Application of potassium significantly reduced the sucker
production at all the growth stages. However, potassium level
at Ky recorded the highest number (5.55) of suckers per plant
and lowest sucker production (5.01) per plant recorded with

highest level (K3) of potassium, they differed significantly.

The first order interaction (N x K and N x P) were
significant for number of suckers at 30 and 60 days. However,
in the final stage, the first order interaction N x P was

significant, the maximum number of suckers in N x P combination
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was 6.99 (NyP,) and minimum was 4.21 ('I)\IIP3) and in second -
order interaction (N x P x K) maximum sucker production (7.48)

was in combination N2P2K1 and minimum (3.75) was NyP;{Kj.
4.1.1.4 Dry weight of plants

Data pertaining to dry weight of plants recorded at 60
DAP as influenced by N, P and K levels are presented in Table
4.

Application of nitrogen influenced the fresh weight of
plant significantly. Maximum fresh weight (21.22 g per plant)
recorded at higher level of nitrogen (N,) and minimum dry

weight (12.64 g) recorded at lower level (Ny) of nitrogen.

Phosphorous showed significant effect on dry weight of
plant, producing the highest dry weight of 17.11 g at P, level
and with P; level it was lowest (14.14 g), further, P3 level

reduced dry weight significantly.

Contrary to increased levels of N and P, potassium has
decreased the dry weight per plant. Among potassium levels K4
recorded maximum dry weight (16.44 g) andl minimum dry weight
(15.16 g) recorded with higher level of potassium (K3). Both Kj

and K, levels found to be on par.

The first'order interactions were non-significant except
"N x P. In the combination N x P a significantly higher dry
weight of plants was recorded in N,yP, (20.19 g) followed. by
NoP3 (18.56 g) and N,P; (15.10 g) v;hich were differing
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Table 4. Effect 05 NPK levels on dry weight of plants (g/plant) and leaf

area (dm“/plant) in golden rod (Solidago canedensis L.)
Treatments Dry weight of plant at Leaf area per plant at
60 Days DAP 60 days DAP
Kl Kz K3 Mean Kl Kz K3 Mean
Ni Py 13.97 12.95 12.64 13.18 6.36 6.04 5.50 5.96
Py 14,68 14.05 13.36 14.03 7.55 6.82 5.7 6.711
Pq 13,91 13.43 13.31 13.55 5.99 5.60 5.44 5.67
Mean 14.18 13.47 13.10 13.59 6.63 6.15 5.57 6.12
N2 Py 15.85 14,85 14.62 15.10 8.76 8.34 8.06 8.38
Py 21.22 20.35 19.02 20.19 10.77 10.31 10.20 10.42
Pq 19.04 18.63 18.03 18.56 10.55 9.88 9.5 10.00
Mean 18.70 17.94 17.22 17.95 10.02 9.51 9.27 9.60
Py 14,91 13.90 13.63 14.14 7.56 7.19 6.78 7.17
Py 17.95 17.20 16.19 17.11 9.16 8.56 7.99 8.57
Pq 16.48 16.03 15.67 16.06 8.27 17.74 7.56 7.83
Mean 16.44 15.71 15.16 15.77 8.33 7.83 7.42 7.86
For comparision of mean SEm+ CD at 5% SEm+ CD at 5%
Nitrogen (N) 0.179 0.516 0.150 0.301
Phosphorous (P) 0.220 0.631 0.120 0.368
Potassium (K) 0.220 0.631 0.128 0.368
NxP 0.311 0.893 0.181 0.521
NxK 0.311 N.S8 0.181 N.S
PxK 0.381 N.S 0.222 N.S8
NxPxK 0.538 N.S 0.314 N.S
N.S.= Not-significant
DAP = Days After Planting
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significantly aimong themselves. The least dry weight was

recorded in NPy (13.18 g).

The second order interactions, inspite being non-
significant, the best combination with maximum dry weight of
plant was NpPoK; which registered 21.22 g per plant and

minimum dry weight (12.64 g) was with combination N;P{K3.

4.1.1.5 Leaf area per plant

~

The data on the leaf area per plant as influenced by the
different levels of N, P and K and their interaction effects are

presented in Table 4.

The varying levels of nitrogen had significant effect on
leaf area per plant. The higher level of nitrogen (N,) produced
the plants with maximum (9.60 dm2) leaf area, Whefe as the
plants which received lowest nitrogen (N;) had significantly

lowest (6.12 dm2) leaf area.

The influence of phosphorous application was also found
to be significant and among all the doses tried, maximum leaf
area (8.57 dm2) was recorded phosphorous at P, level and
minimum leaf area (7.17 dm2) recorded at lowest (Pg) level of

phosphorous.

Among potassium levels K; recorded maximum (8.33 dm2),
while minimum leaf area recorded (7.42 dm2) at higher level of
potassium (K3). Medium potassium level (K,) produced leaf area

of 7.83 dmz, which was statistically on par with K4 level.
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One of the three first order interactions viz., N x P was
significant for leaf area per plant. The combination interaction
indicating maximum leaf area was NoP, (10.42 dm?) and minimum

leaf area (5.67 dm2) was with NyP3 combination.

The second order interaction for leaf area was non-—
significant. Golden rod plants with combination of treatments
NoP5K; recorded maximum (10.77 dm2) and minimum (5.44 dm2)

was in the combination N1P3K3.

4.1.2 Flowering parameters

4.1.2.1 Number of days taken for flower initiation

The data on number of days taken for flower initiation is

presented in Table 5.

The nitrogen levél on number of days taken for flower
initiation increased with increase with their application. Hence,
the highest level of nitrogen (Ny) delayed the flower initiation
(59.66 days) as compared to lowest level of nitrogen Ny (54.55
days). Similarly with increasing level of phosphorus, flower
initiation was delayed significantly from Py (56.00 days) to P,
(58.05 days) and P; (57.88 days) but Py and Pj levels found to
be on par. The effect of potassium levels on number of days

taken for flower initiation was non-significant.

The first order interactions viz., N x P and N x K were
significant. The higher number of days taken in N x P

combination was 60.44 days (N2P2), N x K combination was also



Table 5. Effect of NPK levels on number of days taken for
flower initiation and time taken for 50 per cent
flowering in golden rod (Solidago canedensis L.)
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Treatments Number of days taken for Time taken for 50 per
flower initiation cent flowering (days)
K1 Kz K3 Mean K1 K2 K3 Mean
N1 Py 50.00- 51.66 53.66 51.77 65.66 65.66 66.66 66.00
P, 55.66 54.66 56.66 55.66 69.00 68.00 73.00 70.00
P4 56.00 55.00 58,66 56.55 68.66 71.66 73.00 71.11
Mean 58.88 53.77 56.33 54.55 67.77 68.44 70.88 69.03
N2 Py 62.66 60.66 57.33 60.22 75.66 74.66 74.66 75.00
P, 59.66 61.66 60.00 60.44 75.66 76.66 75.00 75.77
Pq 58.66 59.00 60.00 59.22 73.66 74.00 75.66 74.44
Mean 60.33 60.44 59.11 59,96 75.00 75.11 75.11 75.07
Py 56.33 56.11 55.50 56.00 70.66 70.16 70.66 70.50
P, 57.66 58,16 58,33 58.05 72.33 72.33 74.00 72.88
Py 57.33 57.00 59.33 57.88 71.16 72.83 74.33 72.77
Mean | 57.11  57.11 57.72 57.31 71.38 71.77 73.00 72.05
For comparision of mean SEm+ CD at 5% SEm+ CD at 5%
Nitrogen (N) 0.377 1.082 0.588 1.689
Phosphorous (P) 0.461 1.326 0.720 2.068
Potassium (K) 0.461 N.s. 0.720 N.S.
NxP 0.652 1.875 1.018 2.925
NxK 0.652 1.875 1.018 N.s.
PXK 0.799 N.s. 1.247 N.S.
NxPxK 1.130 N.S. 1.763 N.S.

N.S. = Non-significant
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maximum (60.44 days) with the combination NoK5. The second
order interaction (N x P x K) was mnon-significant and
combination NpP5K; recorded maximum (61.66 days) number of
days for flower initiation and minimum number of days required

with NyP;K; (50.00 days).
4.1.2.2 Time taken for 50 per cent flowering

The data with regard to influence of N, P and K
application on time taken for 50 per cent flowering are

presented in Table 5.

It was noticed that the nitrogen had significant effect
on number of days taken for 50 per cent flowering. The plants
which received highest level (N5) of nitrogen recorded more time
(75.07 days) for fifty per cent flowering and least number of
days (59.03 days) recorded with lowest level (Ny) of nitrogen.

Significant  difference was also noticed among
phosphorous levels on time taken for 50 per cent flowering.
Maximum number of days (72.88) taken at phosphorous at Py
level and minimum time (70.50 days) recorded with phosphorous
at P; level. Contrary to N and P, potassium did not show

significant influence on time taken for 50 per cent flowering.

One out of three first order interactions viz., N x P was
significant for time taken for 50 per cent flowering. The
combination NyP, recorded maximum number of days of 75.77 for
50 per cent flowering which was significantly different from

N P which took minimum days (66.00) for 50 per cent flowering
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The second order interactions, inspite being non-
significant. The combination with maximum time taken for 50 per
cent flowering was NyPyK5 (76.66) and minimum (65.66 days) was

with treatment combinations N1P1K1 and N1P1K2.
4.1.2.3 Length of flower stalk

The data on flower stalk length influenced by different
levels of nitrogen, phosphorous and potassium are presented in

Table 6.

Nitrogen levels had exhibited significant difference in
length of flower stalk. Significantly larger length of flower
stalk was produced in N, (45.13 cm), while the flower stalks

were shorter in Ny (40.24 cm).

Among phosphorous levels, flower stalk length increased
significantly with increasing level of phosphorous from Py (41.54
cm) to P, (44.51 cm). Further, increase in phosphorous level

reduced flower stalk length significantly.

The effect of potassium on length of flower stalk was
non-significant, however, increase potassium levels decreased
the length of flower stalk. Among potassium levels K; (43.68
cm) recorded maximum length and minimum length was recorded

with highest (K3) level of potassium (41.38 cm).

All the interactions showed non-significant influence on
length of flower stalk. In the interaction effects of NPK, the

longest length (48.93 cm) of flower stalk recorded with
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combination NypP5K;, followed by NyPyK5 (47.46 cm) and Ny PyK 3
(47.54 cm) and least was with N{P{K3 (38.92 cm).

4.1.2.4 Length of rachis

The data pertaining to length of rachis are presented

in Table 6.

The length of rachis was considerably influenced by
nitrogen and phosphorous levels. N and P at Ny (31.69 cm)
and P, (31.49 cm) levels recorded significantly higher length
over Ny (28.41 cm) and P3 (28.76 cm) levels respectively, which

produced lowest length of rachis.

The rachis length differed non-significantly with
potassium levels. However, maximum length of rachis obtained
with potassium level K; (30.66 cm) further increase in potassium
levels to Ky (30.05 cm) and K3 (29.43 cm) decreased the rachis

length significantly.

None of the interactions was found to have any
significant effect on the length of rachis. However, treatment
combination N2P2K1 (33.75 cm) recorded maximum and N1P3K3

(26.98 cm) recorded minimum length of rachis.
4.1.2.5 Number of spikelets per flower stalk

The data with regard to influence of N, P and K on

number of spikelets are presented in Table 6.
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Nitrogen has profound effect on the number of spikelets
per flower stalk. The Ny level accounted maximum (36.67)
number of spikelets per flower stalk, which was significantly
higher than N; which accounted minimum (29.02). Similar trend
was observed with phosphorous also where maximum number of
spikelets recorded 35.26 with phosphorous at P, and minimum
(30.87) number bf spikelets recorded with Py. A significant
decline in number of spikelets per flower stalk observed with

further increase in phosphorous levels.

Contrary to other major nutrients N and P, increased
level of potassium had an adverse effect on number of spikelets
per flower stalk. However, maximum number of spikelets (34.19)
recorded with potassium level K; and minimum number (31.51) of

spikelets recorded with highest level of potassium (K3).

Among the first order interactions it was only interaction
of N x P that significantly increased the number of spikelets
per flower stalk. The maximum number (40.25) was obtained
with NoP5 and the minimum (28.16) was observed in N;Pj.
Though second order interaction was non-significant, the
treatment combination NyP,K; (41.80) Was recorded maxirﬁum
number of spikelets and N{P{K3 (27.20) combination recorded

minimum number of spikelets per flower stalk.
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4.1.2.6 Number of flower stalks

The data on total number of flower stalks per plant,
number of flower stalks per plot and number of flower stalks

per hectare are tabulated in Table 7.

With the increasing nitrogen level, number of flower
stalks per plant, number of flower stalks per plot and number
of flower stalks per hectare increased significantly. Maximum
number of flower stalks per plant (5.13) recorded with higher
nitrogen level (N;) and least number of flower stalks (3.87) per
plant recorded with Ny level. Similarly higher number of flower
stalks (205.5 per plot) recorded with higher nitrogen level (N5)
and lowest number of flower stalks per plot (154.84) recorded
with lowest level of nitrogen (N;y). Similar trend with respect to
number of flower stalks (1000’s) per hectare also noticed.
However, maximum number of flower stalks (1000’s) per hectare
recorded (569.18) with higher level of nitrogen (Ny) and lowest
number of flower stalks (427.55 per hectare) recorded with

lower level of nitrogen (Nj).

Maximum number of flower stalks per plant, per plot and
per hectare (1000’s) recorded with phosphorous at Py level,
which recorded 4.91, 196.75 and 546.05 (1000’s) respectively.
Significantly minimum number of flower stalks per plant, per
plot and per hectare obtained with phosphorous at Py they
recorded 4.13, 165.27 and 456.27 (1000’s) respectively. Further
increase of P3 level significantly decreased the above vyield

parameters.
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Application of potassium resulted in significant reduction
in number of flower stalks per plant, per plot and per hectare
(1000°s). However, maximum number of flower stalks per plant
(4.73), per plot (189.18) and per hectare (522.77 (1000’s))
recorded with lowest level of potassium (Ky) and minimum
number of flower stalks per plant (4.30), per plot (171.81) and
per hectare (475.66 (1000°s)) recorded with highest (K3) level of

potassium.

All the interactions failed to produce significant effects.
However, maximum number of flower stalks per plant, per plot
and per hectare recorded with treatment ‘combination N5y P5Ky
they recorded 6.15, 246.00 and 682.66 (1000°s) respectively.
While, minimum number of flower stalks per plant, per plot and
per hectare recorded with treatment combination N{P{K3, they

recorded 3.57, 142.88 and 380.00 (1000’s) respectively.

4.1.2.7 Weight of flower stalk (g)

Data pertaining to weight of flower stalk as influence by

N, P and K levels are presented in Table 8.

Increasing in nitrogen level increased the weight of
flower stalk significantly. The maximum weight (35.04 g)
recorded with higher level of nitrogen (N,), where as in lower
level of nitrogen (N;) recorded 25.95 g of flower stalk.
Similarly with phosphorous also increase the weight of flower

stalk from minimum at P; (28.08 g) to maximum at Py (33.11 g);
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The further increase in phosphorous level to P53 (30.29 g)

decreased the weight significantly.

In case of potassium application lowest level (Ky)
recorded maximum weight (32.41 g) of flower stalk, further
increase in potassium level to K, (29.97 g) and K, (29.12 g)

decrease the weight of flower stalk.

The first order interaction N x P was significant while
the other two (N x K and P x K) were non-significant. The
combination NoP, recorded highest weight of 39.12 g and which
was significantly different from N;P; which recorded lowest

weight (24.55) of flower stalk.

The second order interaction was non-significant but the
best combination was NyP,K; with an weight of 40.92 g followed
by NoPyK5 (38.92 g) and least was with N;P{K;3 (24.55 g).

4.1.2.8 Yield of flower stalk per plot

The data on flower stalk yield (kg/plot) as influenced by

different levels of N, P and K are presented in Table 8.

Nitrogen levels tried, significant influence on flower
stalk yield per plot was obtained. The maximum flower stalk
yield obtained (7.28 kg/plot) with higher level (N,) of nitrogen
and it was significantly higher than lowest level (Ny) of
nitrogen, which recorded minimum (4.06 kg/plot) weight of

flower stalks per plot.



Y4

Application of phosphorous level had significant effect
on the flower stalk yield per plot. Application of phosphorous
at P, recorded maximum (6.73 kg/plot) flower stalk yield and
minimum (4.74 kg/plot) recorded with phosphorous at Py level
The further increase in phosphorous to Pj3 level decreased the

flower stalk yield significantly.

Increasing the level of ‘K’ decreased the flower stalk
yield per plot. Significantly higher flower stalk yield (6.32 kg
per plot) obtained with lowest (Kl) level and significantly lower
flower stalk yield (5.12 kg/plot) obtained with highest potassium
(K3) level.

The first order interactions were significant except P x
K. In the cbmbination of N x P, a significantly higher flower
stalk yield per plot were recorded in N,P, (8.91 kg per plot)
followeed by NP3 (34.39 kg per plot) .and N;P; (3.56 kg per
plot) which were differing significantly among themselves. The
least flower stalk yield was recorded in NPy (3.56 kg per plot).
While in the combination N x K the maximum flower stalk yield
per plot was recorded in NpK; (8.13 kg per plot) followed by
NoK5 (7.13 kg per plot) which differing significantly among
themselves. The least flowei‘ stalk yield per plot in N x K
combination was observed in N{Kj; (3.68 kg per plot).

The second order interactions, in spite being non-
significant, the maximum flower stalk yield per plot was NyP5K;

which registered 10.06 kg per plot.
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4.1.2.9 Yield of flower stalks per hectare (t)

The data on flower stalk yield (t/ha) tabulated in Table

The nitrogen level had significant effect on yield per
hectare. The maximum flower stalk yield (20.19 t per hectare)
was observed in the highest nitrogen (N,) level and minimum
flower stalk yield (11.09 t per hectare) was observed in lower

level of nitrogen (Ny).

Phosphorous levels also influenced the flower stalk yield
per hectare significantly. Maximum flower stalk yield (18.64
t/ha) was obtained with phosphorous at P, level and minimum
flower stalk yield (13.18 t per hectare) obtained with
phosphorous at Py level. Further, increase in phosphorous level

to P5 decreased the flower stalk yield significantly.

Among potassium levels, maximum flower stalk yield
(17.33 kg per hectare) recorded with lowest level of potassium
(Ky). Further, increase in potassium levels to K, (15.36 t per
hectare) to K5 (14.23 t/ha) decreased the flower stalk yield

significantly.

The first order interactions N x P and N x K were
significant while interaction N x K was non-significant. In the
combination of N x P, a significantly higher flower stalk yield
per hectare were recorded in'N2P2 (24.77 t per ha) followed by
NyP4 (19.29 t per ha) and NoP; (16.49 t per ha) which were
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significantly differing among themselves. The least flower stalk
yield was recorded in NyP; (9.87 t per ha). While in the
combination N x K, the maximum flower stalk yield per hectare
was recorded in N5K; (19.71 t per ha) followed by NoK5 (19.71 t
per hectare) which differed significantly with each other. The
least flower stalk yield in N x K combination was observed in

NiK3 (10.20 t per hectare).

The second order interaction was significant for flower
stalk yield per hectare. The treatment combinations NyP5Ky
NoPoKy and NyPpK3 registered 27.95, 24.42 and 21.95 t per
hectare respectively. The least yield was in the combination

NyP5K5 (8.61 t per ha).

4.1.3 Total uptake of major nutrients

-4.1.3.1 Uptake of nitrogen

Data pertaining to N, P and K uptake by golden rod

crop are presented in Table 9.

Irrespective of phosphorous and potassium levels, the
nitrogen uptake increased significantly with increasing level of
nitrogen.  Maximum nitrogen uptake (73.77 kg per hectare)
recorded with highest nitrogen (N2) level. While in lower level

of nitrogen (N;) it was only 60.89 kg per hectare.

Highest N uptake (71.26 kg per ha) was recorded with
phosphorous level P, and it was significantly higher than that
observed with P; and P3 (66.60 and 64.13 kg per hectare

respectively) which differed significantly.

59
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As the potassium levels increased the total nitrogen
uptake decreased significantly. However, maximum nitrogen
uptake was with K; (69.80 kg per ha), where as minimum uptake
(64.49 kg per hectare) recorded with highest (K3) level of

potassium.

All the interactions failed to produce significant effects.
However, maximum total nitrogen uptake was recorded with
treatment combination NyP,K; (79.93 kg per ha), minimum
nitrogen uptake (53.62 kg per ha) recorded with combination

N;P3Ks.
4.1.3.2 Uptake of phosphorous

The total phosphorous uptake increased significantly
with increasing level of nitrogen. Highest uptake of
phosphorous (15.39 kg per hectare) registered with highest
nitrogen (N,) level and which differed significantly from lower

(N;) level of nitrogen (13.75 kg per hectare).
1

Application of phosphorous had significant effect on
their uptake. The highest level of uptake of 17.68 kg per
hectare was recorded in highest (P3) level of phosphorous and
least uptake (10.37 kg per hectare) recorded at lowest level (Pg)

of phosphorous.

The significant increase in total phosphorous uptake was
recorded with increasing level of potassium from Ky (14.74 kg

per ha) to maximum at K, (14.98 kg per hectare), which further
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increase to K3 decreased (13.68 kg per ha) uptake of

phosphorous.

Only N x P interaction showed significant effect on
phosphorous uptake. Among N x P interactions, it was N,P; that
gave maximum phosphorous uptake (18.25 kg per hectare) as

against the minimum of 10.20 kg per hectare in case of NyPy.

The second order interaction was non-significant for
phosphorous uptake. However, treatment combination NyP3K,
(19.13 kg per hectare) which closely followed by N2P3K1 (18.94
kg per hectare) and NyP,K, (17.67 kg per hectare) recorded
maximum phosphorous uptake and least uptake (9.73 kg per

hectare) recorded with combination N;P{Kj.
4.1.3.4 Uptake of potassium

Nitrogen fertilization showed significantly negative effect
on potassium uptake. Significantly higher uptake of 54.98 kg
per hectare was seen in the plants received lowest (Ny) level of
nitrogen and it was 49.26 kg per hectare with highest level (N5)

of nitrogen.

Application of phosphorous had significant effect on
potassium uptake from Py (52.06 kg—per ha) to Py (54.16 kg per
ha) which was recorded maximum and further increase to P,
(50.13 kg per hectare) significantly reduced the potassium

uptake.
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Potassium fertilization increased the uptake of potassium
- -significantly. Maximum uptake of 57.62 kg recorded at highest
(K3) level of potassium and minimum  potassium uptake 46.80 kg

per hectare recorded with lowest level (K;).

All the interactions showed non-significant effect on K
uptake. However, maximum uptake (65.20 kg per hectare)
recorded with treatment combination N{P,K; and least uptake of

43.64 kg per hectare recorded with combiantion N5P3Kj;.
4.1.4 Correlation studies

The correlation coefficients (r) between flower .yield per

hectare and other parameters are presented in Table 10.

The correlation showed significantly positive correlation
between flower yield and plant height (r = + 0.91), number of
leaves per plant (r = + 0.84), sucker production per plant (r = +
0.95), total dry matter production per plant (r = + 0.79), number
of flower stalks per plant (r = + 0.98), weight of flower stalk (r
= + 0.98), total nitrogen uptake (r = + 0.90) and total
phosphorous uptake (r = + 0.49) at harvest stage. However, the
correlation between the flower yield per hectare and total

potassium uptake (r = - 0.53) was negative but significant.
4.1.5 Economics of returns

The cast of cultivation of golden rod as influenced by

N, P and K is given in Appendix.qz ANDIY.
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Table 10. Correlation between flower yield and other
characters in golden rod (Solidago canedensis L.)

sl. Parameters Correlation
No. coefficient

(r)

*

1. Plant height at III stage 0.91

2. Number of leaves at III stage 0.84%
3. Sucker production per plant at III stage 0.95%
4. Dry matter production 0.79%
5. Number of flower stalks per plant 0.98"
6. Weight of flower stalk 0.98"
7. Total N uptake 0.90"
8. Total P uptake 0.49%
9. Total K uptake -0.53%

- Significant at 5 per cent probability level



61

The maximum net profit was Rs. 52,835.00 per hectare
with treatment combination NyP5Ky (150 kg N: 100 kg P,O4 : 50
kg K50.per hectare) followed by Rs. 45,348.00 and Rs. 42,363.00
per hectare with treatment combinations of NyoP5Ksy (150 kg N :
100 kg P5O5 : 150 kg K50 per ha) and NyPoK3 (150 kg N : 100
kg P5O5 : 50 kg K5O per ha) respectively. While the least net
profit was Rs. 22,290.00 with the treatment combination N;P{Kj.

4.2 EXPERIMENT II : EFFECT OF CHEMICALS
ON VASE LIFE OF GOLDEN ROD

4.2.1 Fresh Weight

The fresh = weight as influenced by different

preservatives are presented in Table 11.

All the treatments including distilled water <(control)
increased fresh weight upto fourth day, there onwards decline
in fresh weight was evident in all the treatments except BAg 10
ppm + 2 per cent sucrose and Aly (SO4)3 100 ppm + 2 per cent

sSucrose.

Maximum fre.sh weights of flowers was noticed in
treatments BAg 10 ppm with two per cent sucrose (122.23%)
which was clbsely followed by Aly (SO4)3 100 ppm with two per
cent ;sucrose (122.08%) which are statistically on par with each
other. Mininium fresh weight (88.42%) was recorded in distilled
water on eighth day and maintained maximum fresh weight of

108.05 per cent and 110.08 per cent respectively on 14th day.
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Flower stalks held in the solutions having Aly (SO4)3 at
100 ppm along with two per cent sucrose maintained maximum
(110.78%) fresh weight which was more than their initial
(109.56%) on 14th day.

4.2.2 Water uptake

The final water uptake by golden rod flower stalks after
14 day showed significant difference with different chemicals are

presented in Table 12.

Among all the chemical the flowers kept in vase solutions
containing chemicals like Al, (SO4)3 100 ppm with two per cent
sucrose and BAg 10 ppm with two per cent sucrose had high
amount of water uptake of 234.38 g and 226.50 g respectively as
compare to those held in other chemicals and lowest water

uptake (127.53 g) recorded with distilled water.
4.2.3 Water loss

Amount of water lost from the flower stalks held in
different chemical preservatives varied significantly (Table 12).
Flower stalks which absorbed maximum amount of water were the
ones which also lost maximum amount of water of 249.10 g (A12
(SO4)3 100 ppm + 2% sucrose) and 243.10 g (BAg 10 ppm + 2%
sucrose) which are statistically on par with each other. While
those held in distilled water had lost minimum amount of water

(151.26 g).
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Table 12. Effect of chemicals on water relations of flower stalks of
golden rod during 14 days of vase life

Treatments Water uptake Water loss Water loss
(g/3 flower (g/3 flower and uptake
stalks) stalks) ratio

BA6 € 5 ppm 138.20 160.92 1.164

BAG @ 10 ppm 157.58 182.81 1.163

BAG € 5 ppm + 2% Sucrose 162.28 182.13 1.115

BAg @ 10 ppm + 2% Sucrose 226.50 243.10 1.073

Alz(SO4)3 € 50 ppm 146,27 167.37 1.144

AlZ(SO4)3 @ 100 ppm 160.23 178.84 1.116

A12(304)3 e 50 ppm + 2% ‘

sucrose 191.00 208.03 1.089

A12(804)3 @ 100 ppm +

2% Sucrose 234.38 249.10 1.062

Distilled water 127.53 151.26 1.186

S.Em.+ 3.55 3.62 0.019

C.D. at 5% 10.55 10.76 0.056

N.8. = Non-significant
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Plate 6. vase life as influenced by chemicals

Plate 7. Golden rod flower stalks in best vase solutions having
sucrose (2%) + Aluminium sulphate (100 ppm) i.e., Tg
and sucrose (2%) + Benzyl adenine (10 ppm) i.e., Ty
and distilled water (control) i.e., To
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4.2.4 Water loss and uptake ratio

Golden red flower stalks held in solutions containing Aly
(SO4)3 at 100 ppm + two per cent sucrose and BAg at 10 ppm +
two per cent sucrose had minimum water loss and uptake ratio
of 1.062 and 1.073 respectively suggesting better water balance
in their tissues during display period. Flower stalks held in
distilled water (control) had the highest ratio (1.186) during

display period.
4.2.5 Vase life

Flower stalks held in sucrose solutions having Aly (SOy)j
and BAg had enhanced shelf life as compare to those held in
distilled water. However, flower stalks held in solutions having
Aly (SO4)3 and BAg along with two per cent sucrose had highest
vase life of 14.00 days and 13.33 days respectively and they are
statistically on par with each other. The lowest vase life

obtained with distilled water (7.66 days).
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 DISCUSSION




V DISCUSSION

5.1 EXPERIMENT-I : EFFECT OF NITROGEN, PHOSPHOROUS
AND POTASSIUM ON PLANT GROWTH,
FLOWERING AND FLOWER PRODUCTION
IN GOLDEN ROD

Judicious and balanced use of nutrients are known to
influence the overall growth parameters, flower yield and quality
in many flowering annuals. Whenever there is an interruption
in plant nutrition even for a short period a negative effect on
yield attributes may be noticed. Therefore, balanced supply of
nutrients combined with appropriate cultural practices is

important for obtaining higher yield and quality.

Importance of ©balanced nutrition and nutrient
requirement in flowering annuals for a good growth and
production of flowers has been recognised by many workers in
ornamental flower crops (Tayama et al, 1974; Arora and Saini,
1976; Nalawadi, 1982; Mantur, 1988; Mokashi, 1988 and Zile Singh -
et al, 1996). While very little is known on the production
technology of golden rod. An attempt has been made to
investigate the response of golden rod to different levels of
nitrogen, phosphorous and potassium on growth and flower

production.

The results obtained from the investigation are discussed

under the following headings to arrive at conclusion fo
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the cultivation of golden rod to increase profitable higher flower

yield.
5.1.1 Effect of nitrogen

The results obtained from the experiment indicated that
application of nitrogen increased the flower stalk vyield
significantly from N; and N, level, which recorded 11.09 and
20.19 tonnes per hectare flower stalk yield. The difference in
flower stalk yield due to nitrogen levels could be related to
their weight of flower stalk and number of flower stalks per
plant which showed significantly varying differences as that of

flower stalk yield per hectare.

The difference in weight of flower stalk due to nitrogen
levels observed ;may be attributed to the corresponding
difference in yield components like length of flower stalk, length
of rachis, number of spikelets per flower stalk. The flower
yield per hectare was positively correlated with number of
flower stalks per plant. This is in confirmity with research
findings of Ramachandra (1982) and Mantur (1988) in Cﬁina

aster.

The difference in the flower stalk yield and yield
components due to nitrogen levels could be related to the

differences in plant growth characters.

The number of leaves, leaf area and total dry matter

production per plant also increased with incrase in nitrogen



levels from N; to N,. These findings of favourable effect of
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nitrogen in increasing the leaf area, number of leaves and total.

dry matter production are in confirmity with the findings of
Maheshwar (1977) in China aster, Ingawale (1979); Nalawadi
(1982) and Dongre (1984) in marigold, Jana and Pal (1991) in
Cosmos and Lodhi and Tiwari (1993) in Chrysanthemum, who
suggested that these attributes to be the indices of yield and

productivity.

Application of -nitrogen had profound effect on plant
height with increase in nitrogen level the plant height increased
significantly at all the growth stages. Similar results in golden
rod and dahlia regarding the increase in plant height with
increasing level of nitrogen had reported by Ryagi (1994) and
Zile Singh (1996).

Nitrogeri application increased the number of days taken
for flower initiation and time taken for 50 per cent flowering.
The delayed flowering due to increased levels of nitrogen had
been reported by Joiner and Smith (1962) in chrysanthemum,
Penningsfeld (1973) in phlox, Words Worth and Butters (1973)
and Singh Lodhi et al (1990) in chrysanthemum and Amargeet
Singh et al (1996) in tuberose. The delay in reaching the
flowering stage is mainly due to depression in the synthetic
processes in plants because of prolonged vegetative phase and

shortened reproductive cum maturation phases.

Application  of nitrogen increased the total nitrogen

uptake per hectare. This may be attributed to increased
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availability of nitrogen at higher levels of nitrogen. These
‘results are in line with research findings of Haby et al (1982)
in safflower; Sharanabasappa (1990) in helichrysum and Nalawadi
(1988) in marigold, contrasting to present findings, Mokashi
(1988) in gaillardia, observed increase N application did not

comensurate with increased application of nitrogen.

With the 1increase 1in application of nitrogen the
phosphorous uptake increased from P; and P,. This may be
attributed to increased availability of phos-phorous with
nitrogen. These results are in confirmity with the findings of
Maheshwar (1977) in chinaaster; Heby et al (1982) in safflower

and Ramachandra (1982) in china aster.

As the nitrogen level increased, the total potassium
uptake per hectare decreased significantly. This may be due to
the antagonostic effect of nitrogen on potassium uptake. These
results are in line with research findings of Mantur (1988) in

china aster.
5.1.2 Effect of phosphorous

The flower stalk yield was maximum with phosphorous
level P, (18.64 t/ha). The further increase of phosphorous to
P3 level reduced the flower stalk yield significantly.

The difference in flower yield due to phosphorous levels
could be related to the differences in weight of flower stalk and
number of flower stalk per plant. The differences in weight of

flower stalk due to phosphorous level may be substituted to the
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differences in yield components' like length of the flower stalk,
length of rachis and number of spikelets. The number of flower
stalks per plant were found to be maximum with phosphorous at
P, and further increase to P53 reduced significantly. The
number of flower stalks per plant and weight of the flower stalk
positively correlated with flower yield per hectare. Similar
increase in flower yield due to higher levels of phosphorous has
been reported by Joiner (1967) in chrysanthemum; Winsor (1962)
in carnation; Anuradh.a et al (1990) in marigold; Lodhi and
Tiwari (1993) in chrysanthemum; Amargeet Singh et al (1996) in

tuberose.

The difference in the flower yield and yield components
due to phosphorous levels could be related to the differences in

growth characters.

The plant height, number of leaves, leaf area and total
dry matter production per plant were recorded maximum with
phosphereus at P,, further ~increase to P3 resulted in
significantly reduction at all stages. These findings of
favourable effect of phosphorous in increasing plant height,
number of leaves, leaf area and dry matter production are in
confirmity with research findings of Kumara (1987) in marigold,
Ramachandra (1982) and Narayanagouda (1985) in china aster;
Sigedar—et—al (1991) in calendula and Zile Singh et al (1996) in
dahlia.

~The—number of days taken for flowering and time taken

for 50 per cent flowering was found to increase significantly
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with incrased application of phosphorous. This may be due to
the fact that, the application of phosphorous might have
increased the nitrogen wuptake, which in turn might have
delayed, the flowering. Similar delayed flowering due to higher
phosphorous levels has been reported by Mantur (1988) in china
aster and Amargeet Singh et al (1996) in tuberose. Contrary to
above finding Maheshwar (1977) in china aster and Singh Lodhi
et al (1990) in chrysanthemum observed early flowering with

phosphorous levels.

The application of phosphorous at P, incrased the total
nitrogen uptake‘ per hectare. This increased nitrogen uptake
may be due to increased drymatter production at P, than Py
and P3. Similar findings of nitrogen uptake with phosphorous
levels has been reported by Hiremath (1984) in sunflower;
Maheshwar (1977) in china aster; Sharanabasappa (1990) in

helichrysum.

The total phosphorous uptake increased significantly
with every .step increase in the phosphorous levels. This may
be mainly attributed to increased availability and absorption of

phosphorous from soil.

Application of phosphorous at P, recorded significantly
more potassium uptake than at Py and Pj. This increased
uptake of potassium with phosphorous at P, is mainly due to
the higher dry matter accumulation. The increased uptake of
potassium with phosphorous at P, may be attributed to more

availability of potassium than at Py and P5. Similar increase in
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potassium uptake with phosphorous were reported by Maheshwar
(1977) in china aster; Nalawadi (1982) in | marigold and
Sharanabasappa (1990) in helichrysum.

5.1.3 Effect of potassium

The flower stalk yield per hectare was found to be
maximum with potassium application at Kj (17.33 t/ha). The
flower yield decreased with increasing level of ‘Ppotassium

significantly.

The difference in flower stalk yield per hectare due to
potassium level could be attributed to weight of flower stalk and
number of flower stalks per plant. They showed similar

difference as that of flower yield per hectare.

The difference in weight of flower sfalk observed due to
potassium may be attributed to the difference in the yield
components like length of the flower stalk, .length of rachis and
number of spikelets per flower stalk. The length of the flower
stalk was higher with potassium at K; compared to K5 and Kj.
Flower stalk yield correlated positively with number of flower
stalks per plant and weight of the flower stalk. Similar results
of higher flower vyield with lower level of potassium was
recorded by Gilly (1974) in chrysanthemum; Tschernewa Dimowa

(1976) and Mantur (1988) in chinaaster.

The difference in the flower stalk yield aﬁd yield
components due to potassium Ilevels were due to differences

observed in growth parameters.



73

The plant height, number of leaves, leaf area and total
dry matter production per plant decreased with increasing
potassium levels at all the growth stages. The findings are in
line with the results obtained by Pal (1981) in sunflower and

Mantur (1988) in China aster.

With increase in level of potassiurﬁ, total nitrogen uptake
decreased significantly. This may be due to the decreased dry
matter prod,ucti?n with increased potassium levels. This also
may be due to antagonostic effect of potassium on nitrogen

uptake.

Application of potassium at K, recorded maximum total
phosphorous uptake over K; and Kj5. This increase in P uptake
due to potassium at K, level may be attributed to more dry

matter production.

As the potassium ‘level increased, the uptake of total
potassium increased significantly. This increase in potassium
uptake may be due to increased availability and absorption of

potassium.
5.1.4 Interaction effect of N, P and K

Crop production and the resultant yield is a complex
phenomenon interacted by several factors. In nature, it is
difficult to grow plants in isolation. Variables acting on the

plants often bring about different effects than when they are i
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isolation. The sinergism of their action is often taken advantage

and should be considered in totality than individually.

It is interesting to be observe that golden rod
responsed significantly to the combination of factors than their
individual effects. Flower stalk yield differed significantly while

nutrients were supplied in combinations.

In the present study, the over all assessment of
interaction effects on growth attributes and yield parameters
indicates variation in the levels of nitrogen and phosphorous,
while level of potassium in the nutrient combination varies

between K; and K,.

However, among the growth attributes, plant height was
highest with NyP5Kj;. Number of leaves, leaf area, sucker
production and total dry matter production per plant was

maximum with N,P,K; in all the growth stages.

With respect to attributes at reproductive phase, the
interaction effect NyP1K; and NyPoK,5 were the best with respect
to maximum number of days taken for flower initiation and time
taken for 50 per cent flowering respectively. While the
combination N5P5K; found best as it yielded maximum length of
flower stalk, length of rachis and maximum number of spikelets
per flower stalk. Further, number of flower stalks per plant,
per plot and per hectare were found maximum with NyP,K;.
Weight of flower stalk, flower stalk yield per plot and flower

stalk yield per hectare were also found maximum with NyP,K;.
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The nutrient uptake studies with respect to nitrogen,
phosphorous and potassium projected different set of’
combinations. The total nitrogen uptake was maximum with
N,P5K; while total uptake of phosphorous and potassium was

maximum with NoP3K; and N;P,K3 respectively.

The critical analysis of plant growth parameters in
relation to interaction effects of N, P and K indicated enhanced
plant height at highest' level of nitrogen along with P, and K;.
This infact is the basis that differentiates vegetative and
reproductive phases which intern is being evidently contrasted
with respect to flower stalk yield’. Since, in general, it is the
nutrient combination level of NoP, along with K; has proved to
yield more than any other combinations, as highest level of
phosphorous and potassium have tended to interfere to a great
extent in plant metabolism. Since, the efficiency of leaves in
the transfer of solar energy into ATP, required for the
assimilation of photosynthetes depends considerably on the

levels of K and P nutrition (Watanabe and Yoshida, 1970).

Further, similar results with respect to interaction effect
of N and P in combination with K at different levels have been
evidently proved by Boyd (1970), where there was depressed
yields levels at higher» levels of K nutrition in combination with
optimum level of P. Similar results to those discussed earlier

have been obtained by Mantur (1988).
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These results are seen infact in practical farming on
soils with high yielding potential when nutrients are not applied
at not excessive level. Hence, interaction of N, P and K at
optimum levels is a must to achieve highest possible yield on
practically adoptable farming condition. Similar observations
regarding interaction of N, P and K at optimal levels for getting
higher yields were reported by Holliday (1963); Sharanabasappa
(1990) in helichrysum; Parthiban and Khader (1991) in tuberose;

Sigedar et al (1991) in calendula; Mantur (1988) in china aster.

The economic analysis reveal that the combination of
factors N,P,K; which yielded maximum flower stalk yield

provided the maximum net returns (Rs. 52,835.00 per hectare).

Thus, the foregoing investigation reveal that golden rod
with nutrient levels of 150 kg N, 100 kg P,05 and 50 kg K5O to

obtain an economic yield.

5.2 EXPERIMENT-II : EFFECT OF CHEMICAL
PRESERVATIVES ON VASE LIFE OF
GOLDEN ROD

The cut flower is a more complex organ than seeds,
fruits and most vegetables, since an inflorescence/flower is
combined expression of many morphological wunits including
sepals, petals, androecium, gynoecium and often leaves, which
are complex in their own right and differ both morphologically
and physiologically. Therefore, longevity of the cut flowers

referred to as vase life, shelf life, display life, keeping quality
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and lasting quality is often determined by the composition of
the holding solution and the quality of the water. Infact, vase
life represents the potential useful longevity of the flower at
the final consumers home. Inspite of the great importance of
vase life in determining the quality and consumer preference for
flowers, breeders have given little attention to this
characteristic (Sink, 1976). Therefore, efforts in the direction
that promote quality and vase life of cut flowers by using
preservative solutions was made to arrive at a best preservative

that pralongs vase life of cut golden rod flowers.

The results obtained on the vase life of golden rod
flowers indicated superiority of all chemical in prolonging the
keeping quality of cut flowers over distilled water. The
increased vase life of flowers in the chemicals could be related
to increased weight of flower stalks in the initial stages and
later maintaining the fresh weight for longer period and due to
increased uptake of preservative solutions having benzyl
adenine and aluminium sulphate, used either alone or in

combination with sucrose.

Benzyl adenine significantly increase the vase life of
golden rod flower stalks. Increased vase life by Cytokinins
(BAg) when used at concentration varying from 10 to 100 ppm in
holding solution maintains low levels of ethylene production,
delay the decline in flower quality, thus extends the vase life of
flowers (Cook et al, 1985). Improvement in vaselife due to

effect of BAg has been reported in carnation (Eisinger, 1977;
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Mayak and Kofranek, 1976) and in anthurium (Shirakawa et al,
1964). In the present investigation, benzyladenine in
combination with two per cent sucrose enhanced the vase life
more than benzyl adenine alone. Simitar, enhanced effect of
sucorse on cytokinins in delaying senescence of flowers é.nd
reduced effect of ethylene, there by increasing the vase life of
the flowers (Mayak and Dilléy, 1976) and in gladiolus (Hwang
and Kim, 1995).

Similarly, aluminium sulphate significantly influenced the.
vase life of golden rod flower stalks. Aluminium sulphate in
preservative formulation reduces transpiration, lowers the pH of
petals and stabilizes the anthocyanin. It also reduces the
bacterial growth by acidifying the holding water and improves
the water uptake (Halevy and Mayak, 1979). Aluminium sulphate
increased the vase life with an increased fresh weight in cut
roses (Stringter, 1978). Slow release chlorine compounds
maintain a low count of ba,c_teria in cut asters, gladioli and
carnations. In the present investigation, aluminium sulphate
extended the vase life of golden rod flower stalks. Similar
enhanced vase life has been observed in calendula (Shobha and
Narayana Gowda, 1992),.in roses (Dias, 1994) and in tuberose
(Mukhopadhyay, 1980). Vase life of golden rod flower stalks
increased due to interaction of sucrose and aluminium sulphate.
Similar improvement in vase life due to combined effect of
aluminium sulphate and sucrose has been repofted in gladiolus
(Gowda and Gowda, 1990), Rose (Ahn and Um, 1991 and Barman
et al, 1996) and- in golden rod (Patil, 1995).
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Improved water balance and osmotic potential observed
with sucrose (Kofranek et al, 1975). Supplying cut flowers
with exogenous sugar maintains the respirable substrates in the
flowers (Lukaszewska, 1981) and encourages protein synthesis
(Paulin, 1986). Sucrose in vase solution is found to increase the

vase life of gladiolus (Sangamma, 1993) and tuberose

(Balakrishna, 1987 and Reddy, 1993).

FUTURE LINE OF WORK

|
In thé light of outcome gained with the investigation,

the following future line of work, is suggested.

1. Since golden rod is a long‘duration crop, studies on split

application of nutrients may be tried.

2. As there wé.s increased response for higher levels of
nitrogen i.e., 150 kg per hectare still higher doses may be

tried.

3. Studies on water requirement.
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VI SUMMARY

"The results of the investigation carried on the "Studies

on nutrition management and vase life of golden rod (Solidago

canedensis L.) at the Kittur Rani Channamma College of

Horticulture, Arabhavi, University of Agricultural Sciences,

Dharwad during 1996-97 are summerised in this chapter.

6.1

EXPERIMENT-I : EFFECT OF NITROGEN, PHOSPHOROUS

' AND POTASSIUM ON PLANT GROWTH,
FLOWERING AND FLOWER PRODUCTION
IN GOLDEN ROD

1. The plant height and number of leaves were significantly

increased at all the three c1.*op growth stages due to
application of nitrogen, phosphorous and potassium.
Maximum plant height and numbér of leaves recorded (62.30
cm and 83.58 leaves/plant, respectively) with nutrient
combination of Ny (150 kg/ha), P, (100 kg/ha) and K; (50

kg/ha). -

Significantly more sucker production (7.48/plant) was
recorded with Ny (150 kg/ha), P, (100 kg/ha) and K, (50

kg/ha) combination at harvest.

Significantly higher dry weight per plant recorded with
nitrogen at (150 kg/ha), P, (100 kg/ha), but potassium

effect was found to be non-significant. However, nutrient
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combination of N,P,K; (150:100:50 kg/ha) produced higher
dry matter (21.22 g) per plant.

The maximum leaf area (10.77 dmz/plant) was recorded with

treatment combination of N,P,K; (150:100:50 kg NPK/ha).

Application of nitrogen and phosphorous delay both
number of days taken for flower initiation and time taken
for 50 per cent flowering, but potassium in its individual
capacity found to be non-significant. The maximum number
of days taken for flower initiation and time taken for 50
per cent flowering (64.66 days and 76.66 days,
respectively) recorded with treatment combination NyP{Ky
(150:50:50 kg/ha) and NyP,K, (150:100:100 kg/ha)

respectively.

The maximum length of the flower stalk (48.93 cm), length
of the rachis (33.75 cm) and number of spikelets:
(41.80/flower stalk) were recorded with nutrient

combination NyP5K; (150:100:50 kg/ha).

Significantly higher number of flower stalks per plant
(6.15), per plot (246.00) and per hectare (682.66 thousands)
obtained with nutrient combination N, (150 kg/ha), P, (100
kg/ha) and Ky (50 kg/ha).

The maximum weight of flower stalk (40.92 g), flower stalk
yield (10.06 kg) per plot and flower stalk yield per hectare

(27.95 t/ha) were recorded with nitrogen, phosphorous and
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potassium at Ny (150 kg/ha), P, (100 kg/ha) and K50

(50 kg/ha) individually and in combination.

The total nitrogen uptake was recorded maximum with
nitrogen at Ny (150 kg/ha), phosphorous at P, (100 kg/ha)
and potassium at K; (50 kg/ha) individually and with the

combination at same levels.

The nitrogen, phosphorous and potassium at Ny (150
kg/ha), P3 (150 kg/ha) and K, (100 kg/ha) individually

. recorded maximum total phosphorous uptake and same

levels in combination was found to be the best.

The total potassium uptake was maximum with nitrogen,
phosphorous and potassium individually at N; (100 kg/ha),
P, (100 kg/ha) and K3 (150 kg/ha) and with the

combination at same levels.

The significantly positive correlation was noticed between
flower stalk yield per ‘hectare and plant height, number of
leaves, sucker production per plant, total dry weight per
plant, number of flower stalks per plant, weight of the
flower stalk, total nitrogen uptake and total phosphorous
uptake and significantly negative correlation was observed

between flower stalk yield and total potassium uptake.

The economics of returns obtained from cultivation of
golden rod flower production indicated the realisation of
maximum net profit (Rs. 52,835/ha) with the nutrient

combination N5P,K; . (150:100:50 kg/ha) and minimum net.
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profit (Rs. 24,160) obtained with nutrient combination

N{P;K; (100:50:50 kg/ha).

6.2 EXPERIMENT-I1I : EFFECT OF CHEMICALS- ON
VASE LIFE OF GOLDEN ROD
(Solidago canedensis L.)

The following are the salient findings of the vase life

studies.

1. Significantly higher fresh weight of flower stalks was
recorded with chemical over distilled water at all the days.
Among the chemicals in holding solution BAg 10 ppm with
two per cent sucrose and Aly (SO4)3 at 100 ppm with two
per cent sucrose recorded significanﬂy higher fresh
weights at eighth ~day after keeping in chemical

preservative solutions.

2. The water uptake and loss by flower stalks differed
significantly with -different chemicals and water uptake
and loss were more with Aly (SO4)3 at 100 ppm along with
two per cent sucrose and it was closely followed by
preservative containing BAg at 10 ppm with two per cent

sucrose.

3. Water loss and uptake ratio was minimum with chemical
containing Al (SO4)3 at 100 ppm with two per  cent
sucrose and it was closely followed by preservative

containing BAg at 10 ppm with two per cent sucrose.
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All the chemicals used in vase life studies increased the
vase life significantly over distilled water. Among
different chemicals, Aly (SO4)3 at 100 ppm along with two
per cent sucrose closely followed by BAg at 10 ppm along
with two per cent sucrose were found to be the best for

prolonging the vase life of golden rod.
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Appendix II. Physical and chemical properties of soil from experimental site

s1. Particulars » Value obtained
No.

A. Physical properties

Clay (%) ‘ : . 58,86
silt (2) | 15.62
Sand (%) : ' o 25.33

B. Chemical properties

1. Available nitrogen (kg/ha) - 219
2. Available P,05 (kg/ha) ‘ 37.5
3. Available K,0 (kg/ha) ’ 338

4.. pH 8.1
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