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Chapter- 1
INTRODUCTION

Hydrangea a member of family Saxifragaceae isafriee most attractive and beautiful
ornamental plant in the world. The word ‘Hydrangeas originated from the Greek word
‘hydro’ and ‘aggeion, which represents "water" and "vessel,” respebfivd@he hydrangea
flower represents grace, gratitude and beautynitbelizes “boastfulness” as it produces many
beautiful gorgeous flowers. The family Saxifragacéacludes mostly woody plants with 17
genera and roughly 170 species (Duran,1999). Theeeat least 23 species under genus
hydrangea which can be easily found in tempera®mne of North America, subtropical Central
and South America and in parts of Eastern Asia (MdGtk 1957). The most extensively
planted hydrangea speciesHgdrangea macrophyll@Thunb.) Ser. which is commonly known
as mop-head or bigleaf hydrangea. It is the ongcigs that is mostly cultivated under different
climates in many parts of the world (Jessica, 2008% used as a deciduous, attractive woody
shrub in landscapes or as flowering potted plantirfterior scape and residences (Bailey and
Bailey, 1976). Many hydrangea species have varegbktaves that are highly prized for their
leaf attractiveness.

In traditional flower-growing countries, hydrangeare mostly grown for the spring pot
plant market, but raising hydrangeas has becommaadially viable enterprise in the same way
that growing roses, chrysanthemums, and carnatiassAs a flowering pot plant, these can be
produced all year. These are valued for their hagkerical flowerheads which are present in a
variety of colors ranging from white to purple, kjrand red. The inflorescence of hydrangeas
are terminal cymes which further have differentsater bearing individual flowers that are
primary, secondary and tertiary (Litlere and Straanrh975). The cymose has sterile flowers
with enormous sepals that are concealed beneathtéhige blooms, as well as inconspicuous
fertile flowers.

Hydrangeas can be grown in semi-shade conditionsco®l moist temperature is
considered good for its growth and developmentait withstand light conditions ranging from
moderate sun to deep shade in the landscape, thowghnot flower as profusely in the latter

conditions (Gilman,1999; Van Gelderen and Van Qelde2004). In India, hydrangeas are



mostly grown in hilly areas of Kashmir, Kalimponarjeeling, Shillong, Himachal Pradesh,
Uttarakhand, southern and northern hills as theyehthe potential to grow best quality
hydrangea as pot plant or as cut flower (BhattgebaP006). The flowers can be produced from
early spring to late autumn. Most of the mopheadréiygea blooms through early July but few
may continue to produce flowers throughout the gngwseason. During winter months the
flowers buds goes in resting stage and leaf deiofiaoccurs. The buds will start growing again
after normal chilling temperature is present. Whenwinters are over the overwintered flower
buds will flower in May to June. The flowers can bktained all-round the year by flower
forcing. Growers now days forced hydrangea for ioiitg flowers during late January and
February sales. It also generates good market fatenring that time. Production schedules to

meet demand for Christmas, Valentine's Day, Eaatet Mother's Day markets (Weiler, 1980).

Hydrangea have a tendency to show different colosekrs according to the pH of soil.
The flower color ofHydrangea macrophyllalso depends on the aluminium content in the soill
and on the cultivar (Takedst al, 1985). It produces blue flowers in acidic s@sacidic soils
are high in aluminium content and for pink-flowergH of 5.8-6.4, high P levels, and low K and
Mo levels are required (Blom and Piott, 1992) whsr@ neutral soil with low aluminium white

color flowers are found.

Plant growth regulators are the chemiedistances that regulates and modifies the
physiological processes of the plants. They canmnétral or synthetic. Mostly the plants
hormones and phytohormones which are released éoplints in very low concentration are
considered as natural growth regulators. The syinth@ant growth regulators are most
commonly used by the people as they are stableeaatlly available in the market (Patil, 2000).
PGRs are now being used by the commercial growlesenamental plants and flower crops as a
part of cultural practice to manipulate the plactading to the grower or as per the demand of
the consumer, this helps in improving economic @aldli the plant (Yawalet al, 1998). Plant
growth regulators are easily absorbed by the plants have fast movement through the plant
tissues when application is done on different paftplant. Also, a single PGR is capable of
influencing various processes in the plant but sfeguld be used in proper way to improve plant
quality and vyield. Plant growth regulators includexins, gibberellins, cytokinin, ethylene,

abscisic acid growth retardants and growth inhibito



Today these PGRs are used to influence vagoosth and developmental processes
like initiating rooting in cuttings, propagation theds, controlling height of plant (stem
elongation), regulating flowering and other physgal functions of plant. There use in
improving crop quality and productivity is becomimgore popular. These compounds show
different responses in different crops accordingtite concentration and composition used.
Hernandez (1997) reported that plant growth reguatave positively enhanced the growth and
yield of plant. However, the performance of theseRB varies with different species and
cultivars (Latimer et al, 1998). Therefore, the concentration and efficast be according to

species.

In 1926, a Japanese scientist named Eiichi $awa discovered gibberellin while
investigating bakanae, or "foolish seedling” sidsén rice (Salisbury and Ross, 1992). The
possible use of gibberellic acid on floriculturegs for the first time were believed to be done
by Kohl and Kofranek (1957). It promotes stem ekttian, germination, breaking dormancy,
flowering and fruit setting in some plants (hibiscpansy, petunia, phlox, cineraria and many
more). Cytokinin are another important group ofnplgrowth regulators that regulate various
process of plant growth and development with ceiktbn and cell differentiation, enhancement
of leaf extensions and nutrient mobilization (Shud®94). Ornamental plants growers
sometimes need to encourage plant branching iminectops like English Ivy, Verbena or in
stock plants where cutting production is main tbalgthere benzyl adenine can be used as a
branching agent. Cytokinin have been used in laboravork, turf management, cut flower
industry, tissue culture, woody plant productionl @afso in commercial pot plant production too.
Cytokinin have also been reported to substituteuabpinching (Richards and Wilkinson, 1984)
thus can save growers money. Their exogenous applic helps to improve the different
economically important and market desirable charatics of ornamental plants. The

concentration and efficacy of PGRs must be evalliateording to species and their uses.

Thus, keeping in view the above facts indrthe present investigation entitle@rowth
regulator studies in mop head hydrangeaHydrangea macrophylla) for improved vigour
and flowering” was carried with the following objective:

» Standardization of Gibberellic acid, Benzyl aderanel GA..7+ BA dose for the best

growth and flowering of mop-head hydrangea.



Chapter- 2
REVIEW OF LITERATURE

The global horticultural industry places a highueabn ornamental plants. A large range
of organic substances that are either created slycally or organically include plant growth
regulators, which are used as a potential resdartiee modern ornamental production system.
Exogenous applications of PGRs as a cultural maatontributes in enhancing the various
economically significant and marketable charactiesof ornamental plants.

Hydrangea macrophyllayalued for their large puffball type blooms areafect fit in
landscape. They have a unique position as pot@uglThese are facultative short day plants.
The optimum temperature of 20 promotes flower initiation and a temperature leetmw 15-
20°C is required for flower bud development. For prctehn of potted plants dfl. macrophylla
extra lighting and heating is necessary, it is ipbfe for very early market. Growth-promoting
agents are used to modify the physiology of plamtsrder to improve plant growth, flowering,
uniformity, higher quality and pot presentation, iegthwill increase the market demand for
flowers. Thus, in this chapter, an attempt has beade to review the appropriate and updated
literature related to the different aspects of tlesearch work tittedGrowth regulator studies
in mop head hydrangea Kydrangea macrophylla) for improved vigour and flowering” has
been reviewed under the title:

2.1 Effect of gibberellic acid

2.2 Effect of Benzyl adenine
2.3 Effect of GA.7+ BA

2.1 Effect of Gibberellins

Gibberellic acid (GA) is considered one of the most beneficial growtimmters and has
been used to affect various developmental procepkants like increase the length or height of
plants, to increase the number of flowers and iedearly flowering, sex expression, breaking
dormancy (Brian, 2008). According to some repoittss possible to note the efficiency of
application of GA in the field of growing quality flowers. SprayingAs; recorded maximum

plant height, maximum number of leaves and brandheshrysanthemum and many other



ornamental flowering crops (Sujatleéal., 2002; Ranat al, 2005). Also, many have reported
there was an increase in flower stalk length, nunabdlowers opening at time, flower weight
and yield (Kumaet al, 2012; Dhadulet al, 2007).

Sebanek (1973) evaluated the effect of exogen@shlication of gibberellin (G4 and
cytokinin (benzyladenine) to one node segment afrdrygea to detect association between the
mature leaf and its axillary bud. Both @And BA were able to detect the dominance between
axillary buds when both leaves were left on theveags. This suggests that the bud treated with
the appropriate growth regulator grew more aggvessi When one of the leaves was removed,
the bud on that leaf developed more aggressiveiyywben GA was applied to the axillary bud
on the remaining leaf, the correlation was revertdegibud on the remaining leaf expanded more

furiously.

Jana and Biswas (1979) conducted an experimenffect ®f various concentration of
gibberellins on tuberose plants. They reported wian tuberose was sprayed with £# 10
ppm at 4-5 leaf stage and after 30 days after $psay, resulted in maximum number of leaves,

spikes and flowers per plant.

Banker and Mukopadhya (1982) observed that whes colivar ‘Queen Elizabeth’ was
treated with GA at concentration 10, 25, 50, 100, 250 and 500 thy@re was significant effect
on vegetative and flowering parameters of the clowas noticed that there was an increase in
the stem length at concentration 100 and 250 ppenease in length of peduncle at 100 and 500
ppm, at 100 ppm there was maximum number of brananeximum number of flowers were
obtained between concentration 10-100 ppm. Thusyag concluded that GAat 100 ppm
caused maximum increase in branching and high nuofdf®wers at 10, 25, 50 and 500 ppm in

rose.

Dahebet al (1987) reported that an increase in plant heggit diameter, number of
shoots per plant and shoot length with applicatbGA; @ 500 and 1000 ppm when sprayed
three times during the early growth stages; Alsdé; Gastened flowering but reduced the

numbers of inflorescence per planiGhrysanthemum frutescens.



Nagarjunaet al. (1988) recorded that spraying of @hitiated early flowering, large

flowers, increased fresh and dry weight of chrylsamum flowers.

Talukdar and Paswan (1996) reported that wheg @AO0, 20 and 40 ppm concentration
when applied as spray at 35 days interval aftemtplg to potted chrysanthemum there was an
increase in the plant height tallest at 20 ppmartkd 40 ppm application produced leaves with

large leaf area and flowers with greater diameter.

Dutta and Ramadas (1998) observed the effect abusmplant growth regulatongz.,
NAA (50, 75 and 100 ppm), GA50, 100 and 150 ppm), maleic hydrazide (250, &@f 1000
ppm) and CCC (2000, 3000 and 4000 ppm) on the gr@amd flowering of chrysanthemum
(Dendranthema grandiflofa Plant height, internodal length, number of laker nodes and
leaves per plant were markedly increased by adittments compared with control. It was also
observed that GAtreatment was the most effective among all the #@&atments. Plant height
was greatest, internodes longest, number of budstte number of laterals per plant greatest
with GAz at 150 ppm.

Prakash and Jha (1998) reported that applicatiod56f ppm of GA decreased the
flowering time, increased length of infloresceneagth of spike, length of floret and number of

florets per spike in gladiolus as compared to #uiced dose of 100 ppm.

Choudhari (2001) studied the effect of plant grovebulators on growth, flowering and
quality of rose cv. ‘Gladiator’. The results showtadt the plants treated with GA& 250 ppm
showed an increase in plant height, plant spredchamber of flowers. Also stalk length, flower

diameter, number of petals, vase life was maximum.

Gupta and Dutta (2001) investigated the effectplaht growth regulators (gibberellic
acid at 50, 100 and 200 ppm) on chrysanthemumleayanti’ for growth and flowering. GA@

100 ppm was most effective in boosting plant height



Patil (2001) studied the effect of various PGRs ‘SBangria’ cultivar of Gerbera
jamesoniiat Ornamental Plant Nursery at Gujrat Agricultlaiversity. He reported that out of
all the PGRs used in the experiment, @A 150 ppm produced the maximum plant height,tplan

spread and leaf area. Also, all treatments of (®Q, 100 and 150 ppm) gave early flowering.

Dicks et al (2003) reported that gibberellic acid had a sigatfit effect on the length of
pedicel of lily as it increased with the increaseconcentration of GA Further, Verma and
Parmar (2003) reported that when two applicatio®A§ @ 100 ppm was done on carnation the
results showed that treated plants had maximunt pkaight, maximum number of flowers and
maximum stem length. However, maximum size of dtitvers and buds were observed with
GAz @ 50 ppm.

Rakesh and Beniwal (2003) studied the effect o @50, 100, 150, and 200 ppm) and
pinching (35 or 45 days after transplanting) onndhoand yield of chrysanthemum. Plant height,
spread and number of branches per plant, all iseckas the rate of gibberellic acid increased.
With 200 ppm gibberellic acid at 35 and 45 DAT, theximum plant height (48.00 and 70.54
cm), plant spread (32.05 and 37.55 cm), and nurabéranches per plant (13.57 and 16.16)
were recorded respectively.

Dhaduket al (2007) reported that there was an increase inbeurof flowers, stalk
length and spathe length of anthurium when folgpliaation of GAwas done. Further, in 2009
Parmaret al. reported that GA200 ppm showed superiority over other concentratibiGAs
(100 ppm and 150 ppm) when applied at 15 daysvakdéretween two sprays on spider lily. All
the vegetative (plant height, number of leaves glant, dry weight of plant), floral (flower
diameter, spike length, number of flowers per spiagys taken for first flower emergence, days
taken for first spike emergence, fresh and dry @oweight) and yield characters were found

superior in treatment with G200 ppm.

Anuradhaet al (2010) found that increasing levels of nitrogewl gibberellins resulted

in greater vegetative growth of gerbera as inditdg measuring the plant height, stalk length



and leaf count per plant. Maximum growth was oladiby applying 30 g of nitrogen per square

meter and with 100 ppm of gibberellic acid.

Shinde et al. (2010) studied that when GA@ 200 ppm was sprayed over
Chrysanthemum morifoliurtv. IIHR-6, there was a significant increase ianplspread, number
of branches, number of flowers, high suckers pantphnd also in the yield of flower per plant.
While, concentration of GA@ 150 ppm showed minimum days for flower initati maximum
flower duration and inflorescence diameter with maxm shelf and vase life.

Sharifuzzamaret al (2011) conducted an experiment to study the efédifferent
concentration of gibberellic acid (GA® 50, 100, 150 ppm), cycocel (CCC @ 400, 600, 800
ppm) and maleic hydrazide (MH @ 50, 500, 750 ppm)floral and vegetative characters of
chrysanthemum. The results revealed thag @A150 ppm treated plants showed an increase in
plant spread, number of leaves, maximum numbeubblmoms and large size of flowers with
long stalk. GA also caused early flower initiation as compare@@&C and MH as they delayed

flowering.

Cardosoet al. (2012) reported that when gibberellic acid appicca was done on
Phalaenopsighere was significant increase in length of leaw®reas decrease in width of

leaves at lower concentrations.

Dograet al. (2012) investigated the impact of growth regulaton gerbera. Different
concentration of gibberellic acid (0, 100, 200 &9@ ppm) was evaluated. The results revealed
that application of 200 ppm GAhowed the maximum plant height, leaf length-bileagumber

of leaves and stalk length as compared to othatrrents.

Sudhakar and Kumar (2012) revealed that plant draegulators improved the growth
and vyield of gladiolus cv. ‘White Friendship’. WitBA; @ 100 ppm, they recorded the
maximum number of florets per spike, spike lengtid &loom length as compared to other
treatments.



Kanwaret al (2013) reported that when a single spray; @A 150 ppm was done on
African marigold the plant showed increased plagight (83.30 cm), maximum number of
flowers per plant (78.5), maximum leaf area (118&5f), flower daimeter and higher yield of

flowers per plant.

Baskararet al (2014) observed the effect of various concernatif gibberellic acid on
growth, flowering and corm parameters of gladiotws ‘Chandini’. From this study it was
revealed that GAat concentration 750 ppm showed maximum planththeigumber of leaves
per plant, number of florets per spike, spike lanamhd rachis length while GA@ 500 ppm
there was early corm sprouting, maximum spike domadnd emergence.

Aier et al. (2015) reported the effect of different concetmraof GAg (50, 100, 150, 200
and 150 ppm) on vegetative and floral charactergladiolus cv. ‘Red Candyman’. From the
results it was revealed that maximum plant heilglatf, area, highest number leaves per plant and
minimum days for flower emergence was observedfaivdth concentration 200 ppm. Another
investigation by Patrat al (2015) reported that when concentration ofs@4@s increased from
25-150 ppm in gladiolus the plant height and ptgread also increased.

Muhammadet al. (2016) studied the effect of gibberellic acid offedlent parameters of
chrysanthemum. The parameters observed were heigilant, leaf number, number of
branches, leaf area, days to flowering, bloomingiopgeand size of flower and different
concentration were 0, 50, 100, 150, 200 and 250. gipra results showed that maximum height
of plant, number of leaves per plant, number ohbng@s and leaf area were observed iy @A
250 ppm.

Palie et al (2016) studied the effect of various plant grow#igulators, on growth,
flowering and yield attributes of African marigoldmong all PGRs GA@ 100 ppm increased
plant height, plant girth, number of branches ganty number of leaves per plant, early flower
bud initiation, opening of first flower, weight dfower per plant, stalk length, number of
flowers per plant and flower yield.



Kalaimaniet al. (2017) reported that GAat a concentration of 150 ppm showed the
maximum number of flowers per plant, flower yieldrplant, flower yield per hectares and

minimum days for flower bud initiation in Africanarigold (Tagetes serrata.).

Sumalatha (2017) investigated the effect of giblieracid on vegetative, floral and bulb
characters of Asiatic liliumL{lium longifolium) cv. ‘Menorca’. The plants were sprayed with
four different concentrations of GA@ 50, 100, 150 and 200 ppm 30 days after plantirvgas
found that GA @ 100ppm gave most promising results over otleatitnents. Parameters like
plant height, number of flower buds per plant, sdéngth, weight of bulbs, number of bulblets
and weight of bulblets were significantly bettesthcontrol.

Faraget al. (2018) found that GA at 200 ppm concentration gave maximum plant
height, maximum number of axillary buds per plantaximum leaf area per plant of
Chrysanthemum morifoliurav. ‘Zambla White’ compared with their other contations (50,
100 ppm). They also observed that there was afsigni increase in number of leaves at any
concentration of GA Also, GAg at a concentration of 200 ppm gave the shortesbgpérom
showing color bud stage of the inflorescence tahdts full opening stage, compared with its

other concentrations.

Holkar et al. (2018) studied the effect of BA and @én flowering and flower quality
attributes of gladiolus cv. ‘Summer Shine’. Diffeteconcentration of BA (100, 200 and 300
ppm) and GA (150, 200 and 250 ppm) were used alone or withr t@nbinations. The results
revealed that gibberellic acid at concentration ppth had minimum days for spike initiation,
for first floret opening, 50% flowering, maximumi kg girth, floret diameter, floret length.
While GAg at 250 ppm showed maximum flowering duration, langft spike, more florets per
spike and vase life. Whereas, BA at 200 ppm comnagonh took maximum days for initiation of

spike, first floret opening, 50% flowering and hegi yield of spike/ plant.

Kumariet al (2018) reported that preharvest foliar spray 8@ 250 ppm resulted in
maximum height of plant, maximum flower bud lengitem diameter and with maximum vase

life as compared with control where no applicad®GR was done.
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Alshakhaly and Qrunfleh (2019) reported that fobgplication of GA at 5, 10, 25, 50
and 100 ppm at all concentration hasten flower gnpmcreases peduncle length and increases
the number of flowers that open at a time&iyclamen persicurm both first and second year of

development as compared to control.

Mishra et al. (2019) reported that GA@ 250 ppm when used on amaryllis lily
(Amaryllis belladonnpa had significant effect on growth and yield paréeng® This treatment
showed maximum plant height (45 cm), maximum leraftflower stalk (44.03 cm) minimum
days for initiation of buds (143.83). However, thaximum shelf life was recorded with BA @
200 ppm.

Jayshreeet al. (2020) concluded from their study on effect of elifint concentration of
gibberellic acid (@ 50, 100 and 150 ppm) on morpbwial behaviour of Asiatic lily.
Application of GA @ 200 ppm exhibited maximum plant height (83.13),cleaf number
(67.25), leaf length (10.27 cm), leaf width (2.58)and early sprouting (6.00 days).

Patelet al. (2020) studied the effects of foliar applicatidam growth regulators on the
growth and flowering of potted hibiscus plants. Aggition of gibberellic acid, benzyl adenine,
and salicylic acid at various concentrations hadilastantial impact on vegetative development,
blooming parameters, and plant pigmentsHibiscus rosa-sinensiplants during both years
(2017-2019) (control). At 30, 60, and 90 days afpraying, plants sprayed with 100 ppm
gibberellic acid reached their maximum plant heigiént spread, shoots length and leaf area.
Also, produced more number of flowers per plafdwérs per branch, flower diameter,
blooming period, anth situ flower longevity. At 30, 60, and 90 days afteragpng (DAS), the
plants receiving the same treatments increasedagtigll content in leaves (19.50, 20.37, and

20.85 mg/g) and anthocyanin content in flowers@2718.65, and 20.20 mg/g), respectively.
Sijo et al (2020) investigated the effect of gibberellicdaeind benzyl adenine both at

200 ppm and 250 ppm concentrations on rose. Thet @&sthe study revealed that plants which

were treated with 250 ppm GAad maximum plant height and maximum stalk length.
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Srestheet al. (2020) observed that varied concentrations o 6dd a significant effect
on the quality flower production of calendula. Withliar treatment of GA @ 200 ppm, they
noticed early initiation of the first bud and floswey. However, with GA @ 250ppm, the
maximum bloom diameter and flower weight were rdedr They concluded that for enhancing

the floral quality of calendula Gsat concentration 200-250 ppm was most effective.

Yogendra (2021) carried out an experiment @alendula officinaliscv. ‘Bon Bon
Yellow’ to find the effect of different PGRs (GA@ 200 ppm, 300 ppm and 400 ppm, MH @
250 ppm, 500 ppm and 750 ppm, and CCC@ 250 ppm,pp@®d and 750ppm). The results
revealed that plant spread, number of brancheglpat, number of leaves per plant, number of
flowers per plant, early flowering, and seed prddurc all increased significantly with the
application of GA. Also, GA; was found to be more effective in hastening blogmnior

commercial purpose.

2.2 Effect of Benzyl adenine:

Cytokinins are a broad set of plant hormones arel @inthe most active cytokinins is
benzyl adenine (Buban, 2000). For many years, ayitolhas been employed in research labs,
tissue culture, turf management, the developmemtaafdy plants, the cut flower business, and
potted plants. Different aesthetic plants havermistuseful application concentrations, which is
often unknown (Werbroult al, 1996). BA are also reported to prevent bud lrigsn tulips
(Munk and Gijvenberg, 1977) and delay senescend®wekrs in lilies (Ranwala and Miller,
1998). Some evidences also shows that there wai@ase in flower size of some plants like in
petunia (Nishijimaet al.,2006). Grossmaet al. (2014) reported an increase in branching in of
herbaceous perennialéz. AgastachéTutti Frutti’ andVerbena bonariensitollipop’ treated

with BA before transplanting.
Trederet al. (1989) studied the effect of BA on growth of pottadhiature roses. BA at

concentration 100, 200 and 400 ppm were used glesend double spraying combination with

manual pinching practice. It was observed that Bindated branching and pinched plants
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branched better, also the number of shoots washigith foliar application of BA @ 50, 100
and 200 ppm on pinched plants.

Fujii and Sasaki (2000) studied that BA @ 150 ppduces high number of branches in
chrysanthemum cultivars with non-branching habit.idvestigation was carried by Chandrappa
(2002) where he examined the effect of media, bidifers, and growth regulators on anthurium
growth and flowering. They discovered that BA 156fnm produced the greatest number of
lateral shoots, while GA@ 750 ppm and control produced the least numbshadts.

Blanchard and Runkle (2008) conducted an experinoestidy the effect of cytokinin on
flowering of orchids DoritaenopsisandPhalaenopsis In this, foliar application of different
concentration of BA (@ 100, 200, or 400 mg)Land GA4.7+ BA (25, 50, or 100 mg1}) was
applied on weekly interval. The results showed Bat@ 200 ppm had maximum number of
blooms (3-8 more blooms per plant) as comparedntoeated plants. While, GA.7+ BA
showed non-significant effect on inflorescence namiand total flower number at the

concentrations tested.

Eid et al. (2010) indicated that ifPolianthus tuberosaall parameters of flowering
characteristics, number of bulblets per plant aedif weight of bulb and bulblets per plant were
significantly increased by foliar application ofrizgl adenine. He also reported that when the
concentration was increased from 50 ppm to 150 gere was significant increase in floral

characters.

Ibrahimet al. (2010) studied the effect of foliar applicationbEnzyladenine (BA @ 50,
100 and 150 ppm) on vegetative growth of crotomiplé was recorded that BA @ 150 ppm
gave maximum number of branches and highest steameder as compared with other

concentration.

Soadet al. (2010) studied the effect of different concentnasi of benzyl adenine applied
to the leaves of croton plants on several growttampaters. Plant height, number of branches
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and leaves per plant, root length and leaf arem siameter and fresh weights of stem, leaves,
and roots (g) per plant were all found to be highehe plants treated with BA @150 ppm.

Asil et al. (2011) reported that whdpolianthes tuberosk. (cv. ‘Goldorosht Mahallat’)
plants were sprayed with benzyl adenine @ 50 ppinl@®0 ppm after 40-54 days after planting
there was a significant increase in the floret @¢iten and in the vase life of flower when
compared with other treatments &@@ 0, 50, and 100 ppm) and BA (@ 0, 50, and 100)pp
While with GAs @ 100 ppm there was early flower initiation and enstem length.

Bhatt and Chauhan (2012) studied the effect of graegulatorsiiz. GA; (@ 5, 10 and
15 ppm) and BA (@ 5, 10 and 15 ppm). They obsetivaiBA @ 15 ppm was bound beneficial
for increasing the number of leaves per plant inddebium cv. ‘Sonia-17’. Further, Nambier
al. (2012) examined the effect of BA on the inductodnnflorescence formation in Dendrobium
cv. ‘Angel White’. BA application enhanced the pamtage of inflorescence production,
triggered early flowering, and contributed to chemgn inflorescence length, leaf number and

flower number generated.

Careyet al. (2013) studied the effect of different concentmatiof benzyl adenine on
Salvia nemorosd.. cv. ‘Caradonna’. According to the results it wesvealed that foliar
application of BA @ 100 to 1600 ppm (28 DAP) in@ea the branching and flowering
significantly. It was also reported that BA@ 400pgelayed flowering by 2-3 weeks, however

the compactness of the plants was more with highbeu of flower inflorescence.

Diana and Fulcher. (2013) studied the influencaabé of plant growth regulator on
vegetative, floral growth and quality of hydrang#ants. The single foliar application of three
different PGRsviz. Dikegulac sodium (800 ppm and 1600 ppm), Benzylamern(300 ppm and
600 ppm) and Ethephon (500 ppm and 1000 ppm). €kelts reported that BA significantly
increased the number of flowers and growth indethefplants.
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Bagheleet al (2014) reported that BA @ 100 ppm when appliedase cv. ‘Poison’
showed maximum number of leaves per plant, flowagévity and bud length as compared to

control.

Attiya et al. (2015) observed that benzyl adenine @ 50 ppm wspeayed on lily plants
significantly increase the time taken for floweriag compared to control. Further, Vasudevan
and Kannan (2015) studied that when BA @ 200 ppshapplied on rose the plants treated with
BA showed improved plant height, length of shoptant spread, number of cut stems pér m

Also, there was improvement in vase life of thevio.

Newton and Runkle (2015) studied the effect of BApottedMiltoniopsisOrchids. They
conducted two experiments to record the effect egetative and flowering of plants. In first
experiment 5 times application of BA @ 0, 200, 40800 mg/L was applied every six weeks
and in second experiment BA was applied @ O or 4000L at five times in every two weeks
to young plant and once at 0, 1000, 2000 or 400Qrtmglarger plants. It was recorded that BA
has no effect on flowering dfliltoniopsis, but BA @ 4000 mg/L spray application increased

new number of vegetative shoots in young plants.

Ashwani and Chandrashekar (2017) observed that BAS® ppm has significantly
affected the vegetative growth of carnation by @asing the number of flower stem per plant.
Further, Mondal and Sarkar (2017) studied the eftédenzyl adenine on growth, flowering,
yield and quality of Hybrid Tea rose cv. ‘Bugattit.was recorded that BA @ 100 ppm showed
maximum spread, flower diameter (at cup stage) magimum numbers of flowers per plant.
BA @ 200 ppm gave maximum number of secondarytshetalk diameter, leaf area, flowering
duration. Hence, they concluded that BA @ 200 ppodypced best quality blooms as compared

with other treatments.

Bala and Singh (2018) reported the effect of fob@plication of different PGRs on
chrysanthemum. It was concluded from the resulds BA @ 200 ppm recorded the highest
flower diameter (5.75cm) and increased flower lfe to 24.78 days followed by BA @ 150

ppm.
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Faraget al. (2018) studied the effect of various concentratsd BA on vegetative and
flowering characters of chrysanthemum@h(ysanthemum morifoliunecv. ‘Zambla White’).
Among BA concentrations 200ppm significantly inced the plant height, branch dry weight.
Also found that the time taken for the color budeach its full opening stage was significantly

reduced at BA concentration more than 50 ppm treatm

Kapri et al. (2018) conducted an experiment to study the infteeof GA and BA on
flowering and post-harvest parameters in lily. Th&ants were treated with different
concentrations of GAand BA (100 ppm, 150 ppm and 200 ppm). The reselgaled that
maximum diameter, minimum days to buds color appes@ and maximum vase life was
recorded in single dose of BA @ 100 ppm. Whileye#dwering was observed in GA@ 200

ppm.

Zhanget al. (2018) studied the effect of different concentmatof 6-BA on adult tea (cv.
Longijng 43) plants. The foliar application of BA @0, 100, 200 or 400 mg/L were applied
after heavy pruning. The effect on growth of newah and lateral branches were observed after
five months. All treatments suppressed the planightefrom minimum to maximum
concentration by 11%, 18%, 21% and 22% respectigdy @ 100, 200 or 400 mg/L reduced
the number of lateral branches; 6-BA at 50 & 20énppcreased the number of lateral branches
by 38, 79 or 81 per cent respectively; BA @ 200Lmgicreased diameter of lateral branches by
8%. It was concluded that all the four concentragioncreased the formation of productive
lateral branches and promoted dwarfism and amohgaacentrations 200 mg/L had best
comprehensive effect. They also reported that 460_nmhibited shoot growth and excessively
finer branches were produced after five months.sTthey concluded that BA @ 200 mg/L was

most effective in production of lateral branchesnpoting dwarfing and yield.

Sijo et al (2020) studied the effect of GAand BA on morphological and floral
characters of rose. The plants were treated withy @ 200 ppm and 250 ppm) and BA
(200 ppm and 250 ppm). The results revealed thgetadive parameters like plant spread,
number of branches per plant and leaves producetirpach were maximum in plants where

foliar application of BA @ 200 ppm was done.
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Jayshreeet al (2020) studied the influence of benzyl adenind gibberellic acid on
morphological behaviour of Asiatic lily. In thisvastigation total 16 treatments were given with
different concentrations of BA (@ 50, 100 and 1ptnp and gibberellic aci@ 100, 150 and
200 ppm). The study affirmed that the plants tr@atgh BA @ 150 ppm took maximum days
for bulb sprouting (12.12), had maximum basal stdrameter (18.06), maximum total
chlorophyll content and minimum plant height (3&@3, leaf length (7.11cm), number of
leaves (29.33).

2.3 Effect of GA44+7 + BA:

GA4+7 is a plant growth regulator which promotes growthplants primarily by cell
enlargement which is uniform in all plant tissu@shberellin activity in the cell cause cell wall
flexibility when it hydrolyzes starch into sugarhieh in turn provides energy and stimulates
uptake of water by cells. The increased plant gnosete to GAq.7 is attributed in increasing
the rate of photosynthesis by influencing the kea&fa. However, in case of BA it is associated
with higher net assimilation rate and N contento@, 1984). A variety of treatments that
contain a combination of cytokinins and gibberallare used to stop leaf yellowing and enhance
bud blasting in tulips and Easter lilies. The camaliion of both hormones has also been reported
to induce flowering in some crops. However, mosthaf interaction mechanism between these

two hormones are still unknown (Jasinekal.,2005).

Ohkawa (1979) conducted an experiment to study dfiects of gibberellins and
benzyladenine on dormancy and floweringLdium speciosumHe reported that when lilium
bulbs were treated with GA+BA there was early shoot emergence and flowenrngarmant
bulbs, while GA and BA alone had no effect. The combination of4GABA also reported to

increase the number of flowers.

Grzesik and Rudnicki (1982) studied the effectafiaus growth regulators (Alar, Ethrel,
BA, GAz, GA4.7+BA, MH, CCC, Stimulin, Atrinal) on branching offtérent woody ornamental
plants Forsythia x intermedidSpectabilis’, Weigela florida‘'Styriaca’, Rosa multiflora Salix
alba ‘Tristis’ and Spirea japonica'Macrophylla’). The results revealed that all ttreatment

promoted branching dforsythia x intermediglants. The maximum increase in branching was
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observed in treatment with GA + BA in Rose, GA in Weigela floridaand BA in Spirea
japonica.Also, early flowering was observed horsythia x intermediavith one spray of G4~
+BA.

Codyet al (1985) reported that application of @A + BA at 250 and 500 ppm on 1
year old nursery trees of Pear cv. ‘Bartlett’, Ghiezv. ‘Bing’ and Apple cv. ‘Oregon Spur I

Delicious’ significantly increased branching as gamed with untreated control.

Koen et al (1989) studied that when one-year-old spur-bgaand non-spur-bearing
apple cv. ‘Red Delicious’ were treated with &A + BA with different concentrations of 0, 100,
200, 300, 400 and 500 ppm. It was found to haveffext on non-spur-bearing trees. The results
showed that there was an increase in branchingeperge in spur-bearing trees. Also, at 100
ppm GAw:7 + BA, the average branch angle increased subaligntand decreased with higher

GA4+7 + BA concentrations.

Fooley and Keever (1992) studied the effect ofafokpplications of Promalin (BA +

GA, +7), Pro-Shear (BA), Accel (PBA) or Florel (ethephdor their capacity to increase cutting
production of geranium stock plants. After a firgtrvest of cuttings, the number of terminal
cuttings was increased 19% by a single applicatfo@A4+7+ BA (Promalin) application when
compared to an untreated control. However, afeec@nd harvest of cuttings following a second
application of the foliar spray treatments, numbefgerminal cuttings did not differ among
chemical treatments and single-node cuttings ise@&0—-73% with the application of Promalin
when compared to the control. Thus, it was obsetliatiPromalin was effective in giving high

number of cuttings by producing maximum numberhafass.

Poneidzialek and Porebski (1992) reported thatiegupin of GAi.7+ BA at 12, 25 and
37.5 ml/ L during late June and early July increladee number of laterals shoot in apple cv.
‘Melrose’. Further, Olwell and Andrew (1992) alseported that GA-; +BA application

increased the number of branches of all lengtlagppie cv. ‘Fuji’.
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Foley and Keever (1993) studied the effect of uasi®GRviz. BA(Pro-Shear), GA~; +
BA (Promalin), PBA (Accel) and Dikegulac in indugitbranching in periwinkle\(inca minor
L.) cv. ‘Alba’. The foliar application of these piagrowth regulators was done. The results
showed that plants receiving @A+ BA @ 250 or 500 ppm had high number of runnersd a
length of secondary runners. The application of;GABA also increased the primary runners

more as compared to other treatments.

Gianfagna and Merritt (1998) conducted an experintenstudy the effect of BA,
GA4:7+BA and GA.7 on stem growth and flowering in ‘Rose-White’ a gga line of Aquilegia
x hybrida Rate of application of these PGRs were 50 mghe flesults revealed that GA +
BA had significant effects on both vegetative almdvéring characters of the plant as compared
to other treatments. There was an increasing ifnéght of plant, number of flowers per plant,

advanced flowering and increase in flower longevity

Ranwala and Miller (1999) studied the effect of lGA+BA sprays on foliar chlorosis
and plant height in Easter lily. They reported t&As+; +BA @ 100 mg/L prevented the
chances of leaf chlorosis and significantly inceshthe stem length (23% to 52% taller than
control) when sprayed at early stage (36 or 55 DAW)en sprayed after 55 DAP it increased

postharvest flower longevity.

Moe et al. (2001) studied the effect of GA+ BA on reducing the foliar chlorosis in
Lilium longiflorum.In this experiment, the plants were sprayed with@@, 200, 400 mg/L. The
plants were harvested and stored for 0-3 weeks5aC2in the dark, and then moved to room
with 21eC. It was recorded that plants treated with,GA BA significantly reduced the leaf

senescence. Also, the treated plants were mueh {(6H14cm) than the untreated ones.

Whitman (2001) investigated the effect of GA+ BA on reducing foliar chlorosis on
Easter Lily. The concentration applied were 0,,220D and 400 mg/l. from this it was revealed
that GAi+7+ BA @ 100 and 400 mg/l was more effective thareptoncentration in preventing

chlorosis.
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Celikel et al (2002) studied the efficacy of 1-MCP and SA+ BA (Promalin) for
extending the post-harvest life of Oriental lili€som the results it was reported that 54 BA
significantly had performance better than the aantt reduced leaf yellowing, delayed bud and

flower senescence, increased vase life of flower.

Emongoret al (2004) studies with kaleBfassica oleraceaar. Acephala) have shown
that GA..7; + BA at 25, 50, 75 mg/L significantly increasedatoleaf area, plant height, leaf
number and plant dry matter. Similarly, as the emtiation of GA.; + BA was increased from
0 to 1200 ppm, dry matter and plant heighEaphorbia lathyrisncreased significantly (Preece,
1990).

Kim et al. (2005) conducted an experiment bilium Oriental hybrid ‘Siberia’ and
Lilium Asiatic hybrid ‘Dream Land’ to study the effect different growth regulators treatments
on vase life and physiological characters of thengd. They used (0, 50 and 100 mg/A4s,
GA4+7, BA and Promalin (GA; +BA). From the results it was concluded that {&A+BA
treatments were more useful for extension of véiseahd freshness in cut lilies.

Kim and Miller (2008) reported that when GA+BA sprayed on pot tulipTulipa
gesneriandSeadov’) at mature bud stage it significantly amted flower longevity to maximum
and had less effectiveness when sprayed at immatudls (green). Also, the most effective
concentration of GA7+BA was 50mg/ L, the concentration more than 8@y L™ cause
unwanted early senescence of matured tulip flowEnsis, the concentration below &y L™

would be more effective in achieving desired result

Padhyeet al. (2008) observed the influence on BA+ &AIn improving the branching in
poinsettia ‘Freedom Red’. The plants were trandpthmto 6-inch pots and after 3-4 weeks of
transplanting a single foliar application of BA+ @GA@ 50 ppm and 100 ppm was done. From
the data collected at flowering it was observed thea plants treated with BA+ G4y (50 or 100

ppm)had more numbers of shoots than untreated plants.
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Henschkeet al. (2015) concluded from his study on the effect dfbgirellic acid and
benzyl adenine orHelloborus orientalis‘Red Hyrids’ that the use of growth regulators
significantly affected the height of plants andvies present per plant. They also reported that
GA4+7 +BA treated plants had more number of leaves pamtphith shorter plant height. The
method of application also affected the growthgratof plant as soil drenched plants had higher
leaves than the plants where foliar application @ase. There was an increase in the overall

growth of the plant with application of GA+BA as compared to control.

Alshakhaly and Qrunfleh (2019) conducted an expemninto study the effect of foliar
application of GA.; +BA at different concentration on flower developmemd quality of
Cyclamen persicunThey reported that when compared to the contrél,.&+BA (@ 0.75, 1.0
and1.25 ml/L) significantly accelerated flower gtbwand elongated peduncles. In addition,
GA4:7+BA (@ 1.25, 2.0 and 3.0 ml/L) also increased pethsilength and increased number of

flowers to open at a time.

Rufatoet al. (2019) concluded with his study on lateral bramauction at nursey with
growth regulators in ‘Maxi Gala’ apple trees grdftan four rootstocks that both BA and GA
+BA are very effective and more reliable for indugimore lateral branches. He also reported
that the higher the concentration, the greaterhes dffect of interrupting the trunk’s apical

dominance and stimulating narrower crotch angldatefal branches.

Markovic and Klett (2021) studied the influenceptdnt growth regulators on stock plant
production of Mojave sageSélvia pachyphyllaand ‘Avalanche’ cape daisyDéteospermum
hybrid). Different concentration of PGRs were sp@y200 and 400 ppm of ethephon; 250 and
500 ppm benzyladenine and 50 and 100 ppm.&#BA. The results revealed that GA+BA
significantly increased the overall growth of plamd produced maximum number of cuttings,

while BA resulted in small increase in number dtiogs.
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Chapter-3

MATERIALS AND METHODS

The present investigation entitleGrowth regulator studies in mop-head hydrangea
(Hydrangea macrophylla) for improved vigour and flowering” was carried out at Horticultural
Research & Training Station and Krishi Vigyan KemdKandaghat an aegis of Dr. Yashwant
Singh Parmar University of Horticulture and ForgsiMauni, Solan (H.P.), India during the year
2021-2022.

3.1 LOCATION AND CLIMATE

The experimental site, KVK Kandaghat, Solan isa#d in the northern hemisphere at a
latitude of 30.97 and longitude 77.10at an elevation of 1425 m with sub temperate diéma
The area falls under zone 2 (sub humid mid hilfdgroclimatic zones of Himachal Pradesh. In
summers, the place has a good rainfall while intevérface very little. The average annual
temperature is 18, experiences about 1262 mm annual precipitafidre driest month is
November with minimum level or no rainfall at allhe month with most precipitation is July
averaging about 325 mm of rainfall. (APPENDIX 1)

3.2 PLANTING MATERIAL

One year old healthy, disease free andomn size stock plants oHydrangea
macrophyllawere selected for the present studies. These mdghgrangeas have pink coloured
(63B Red Purple group as per Royal Horticulturati&y colour chart, London) compact blooms
with dark green foliage. Plants having lengthy lotes were pruned off to maintain uniformity.
These plants were prepared from softwood termin#tings taken from healthy and vigorous
mother plant in the month of July, 2020. The temhituttings were made 8-10 cm long of pencil
thickness with 4-5 nodes, the lower 1-2 pair of/é=awere removed and slant cut was given at the
basal node. The cuttings were dipped in Dithane9V@.25%) and Bavistin (0.1%) for 4-5
minutes. These cuttings were planted at proper @) distance from each other in beds of
propagation chamber filled with cocopeat: vermieuliperlite: sand (3:1:1:0.5 v/v). For
enhancing rooting, these cuttings were dipped i @ 1000 ppm solution for 5-10 seconds just

before planting in propagation beds. The cuttingseathan lightly watered. After establishment



of the cuttings, they were then transplanted irclblpolybags (20x10x7 cm), where they were

kept for a long period of one year.

3.3 MEDIA USED FOR POTTING OF PLANTS

The stock plants of hydrangea were planted in Baaglastic pots containing a sterilized
potting media during the first week of November220The media consisted of pine wood saill,
FYM, sand, pine needle leaf mould and shredded pae bark (2:1:1:1:1 v/v). The uniformly
mixed media was filled in the pots. The hydrangeats were handled carefully so that the earth
ball was not disturbed. After planting the planthe media, gentle pressure was given with hands
around the stem. The transplanting was done iniegédrours as the temperature was low at that

time.

3.4 INTERCULTURAL PRACTICES

After planting the pots were lightly watered angkaside naturally ventilated, lowcost
polyhouse and were arranged in such a way that weayd receive proper sunlight. Irrigation
was given with the help of plastic pipes in everfiogirs. The rate of watering the plants depends
on the season i.e., winter or summer. During sumwigen the temperature was quite high
irrigation was done frequently with 2-3 days ineErwVeeding and hoeing was done in the pots
manually and regularly through the period of expent. To maintain the health and pot
presentability the standard plant protection messwvere followed. For insect like aphids and
whiteflies spray of Imidachlorprid @ 0.5 ml/L of vea and for diseases like powdery mildew and
anthracnose spray of Dithane M-45 @ 0.25% + Bavi@i0.1% can be done.

3.5 FERTILIZER APPLICATION

Basal application of NPK (2.5g N, 1g P and 1.5g & pot) was done. Full dose of
phosphorous and potassium and one fourth dosetrogan was given at the time of planting.
These quantities of NPK were supplied through @atcNitrate, Single Super Phosphate and
Murate of Potash. Apart from this, fertigation damts was also done at fortnightly intervals @
200 ppm through NPK- 19:19:19. To reduce chanc@é®nfdeficiency in hydrangea plants, foliar
application of ferrous sulphate EDTA was done 2gitlfortnightly interval. The frequency of

application depends on the severity of deficiemcthe plant.
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3.6 GROWTH REGULATORS USED

In this study growth regulators used were gibbereltid (GAs), benzyl adenine (BA) and
GA4+7 +BA in different concentrations. The solution offéient concentration was prepared in
distilled water just before foliar application. Thdiar application of PGR was done at 15 days

interval.

a) Gibberellic acid:
The required amount of GA25 mg, 50 mg and 100 mg) was weighed and fistadved
in 5 ml of 95 per cent ethanol and stirred till fp@vder gets dissolved completely. Then final
volume was made up to 1000 ml (1L) each by addirsgilldd water to prepare required
concentration of GA
b) Benzyl adenine
The required amount of benzyl adenine is weighetl iarfirst dissolved in 5 ml of 1N
NaOH to dissolve the powder completely and thel fusdume made was up to 1000 ml (1L) by
adding distilled water to prepare the required gtyaonf benzyl adenine (50 ppm, 100 ppm, 150
ppm).
c) GAs7 + BA
The solution of GA.; + BA was prepared by making GA solution and BA solution
separately. The required amount of sAwas first dissolved in 5ml of 95 per cent ethazod
then making the final solution to one liter. Simiya BA was prepared by adding required amount
to 5ml of 1IN NaOH and then final volume of solutimrade was one liter. Both the solutions were

freshly prepared and mixed just before spraying.

The sprayer nozzle was set to the finest pointite gn even mist. The plant growth
regulators were sprayed uniformly over the plaititthe leaves were wet and droplets of solution
were trickling down and level of spray was keptstant for all treatments. The control plants
were sprayed with distilled water. Spraying wasalonevening hours. One liter of solution was
required for each treatment. Three foliar applarativas done at 15 days interval at vegetative

phase of plants.
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3.7 EXPERIMENTAL DETAILS
The details of the experiment are as under:
» Control- Water (1)

» Gibberellic acid (GA3)- Three concentrations (as given below)

(Foliar application) - a) 25 ppm AT
b) 50 ppm 9]
c) 100 ppm Qr
» Benzyl adenine(BA)- Three concentrations (as given below)
(Foliar application) - a) 50 ppm s T
b) 106m (%)
c) 150m (F)
* GA47+ BA - Three concentrations (as given below)
(Foliar application) - a) 50 ppm sl T
b) 150m ()
c) 2pPm (To)
Experimental Design : Completely Randomizedi@re§CRD)
Total number of treatments : 10
Number of replications : 3
Number of pots per replication : 10

3.8 OBSERVATION TO BE RECORDED:

The following observations were recorded at thestwh peak flowering. The parameters
include both vegetative and floral characters wetie recorded during the investigation.
3.8.1 Plant height (cm):

It was recorded from the base of the plant i.et from the soil level up to the top of the

inflorescence of the longest shoot with the helmeter scale.

3.8.2 Plant spread (cm):
Plant spread was recorded as the average distatedn the outer most side shoot in
East to West direction and the distance betweegrmaist side shoot in North to South directions.

25



3.8.3 Number of shoots:
The total number of shoots produced per plant weumted.

3.8.4 Length of shoots (cm):

The length of individual shoots was measured fronene it is attached to the main stem

to the apical growing portion.

3.8.5 Number of days taken for visible bud formatn:

Days were counted from the date of planting therdnygea plants in the pots to the stage

when first flower bud was visible.
3.8.6 Number of days taken for flowering:

Days were counted from the date of planting to #ang.
3.8.7 Number of inflorescences per plant:

This observation was recorded by counting the totethber of inflorescences produced

per plant.
3.8.8 Length of inflorescence stalk (cm):

It was recorded by measuring the stalk length fuisible base of the stalk to the base of

the inflorescence.
3.8.9 Inflorescence diameter (cin

Inflorescence diameter was recorded at the tim#owfering as average of the distance

between apices of distal florets in East to Westdlion and in North to South direction.
3.8.10 Duration of flowering (days)

Number of days were counted from the stage of 5886rescence opening till at least

single inflorescence in pot remained presentable.
3.8.11 Maximum number of inflorescences per plardpen at a time:

In this maximum number of inflorescences fully o time per pot were counted.
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3.8.12 Growth Index (cm):

It is calculated by using the following formula:

Gl= Plant height +#dfth of plant + Perpendicular width

3

3.8.13 Pot presentability:

Quality of plants were evaluated on the basis ahtpsystem modified after Conover
(1986). The parameters studied and points allottete based on whole appearance of plant,

flowering behavior, form and foliage of plant. Egobt was scored out of 100 based on these

parameters. The pot presentability chart and Bigion of points are as follows:

Presentability chart:

Parameters Description Maximum
Points
1) Appearance as| i) Fresh appearance (No damage, No indication of 20
a whole plant senescence on any part of the plant)
i) Fresh appearance (some indication of senesgence 12
2) Flowering i) Number of inflorescence/ pot open at a time
* More than 8 20
e <84 16
.« <42 12
i) Diameter of inflorescence (cm)
« Extralarge (20 and above) 8
» Large (16 to 20) 16
«  Medium (10 to 16) 20
. Small<8 12
3) Foliage i) Healthy foliage without any damage, deficiencies 20
insect attack
i)Unhealthy foliage with bruises, infestation or 12
deficiencies
4) Form i) Plant in balance with pot (neither too large oo 20
small, with optimum plant spread)
i) Plants too large or small, uneven spread 12
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Stock plants planted in pots

Plate 1. Vegetative phase dflydrangea macrophylla during the trail



3.9  Susceptibility of pests and diseases and nutdhal chlorosis:

It was recorded by observing the plants regulady gests and diseases and for any

nutritional chlorosis. When symptoms appeared propetrol measures were adopted.
3.10 Cost Benefit ratio:

This index provides an estimate of the benefit\detifor the expenditure incurred in
adopting a particular practice. (APPENDIX- 1V)

Gross return

Cost B&nRatio =

Total expenditure

3.11 STATISTICAL ANALYSIS:

The data generated from present investigation omows vegetative and flowering
parameters were subjected to analysis of variaghsOlA) using completely randomized design
at five per cent level of significance (Gomez andn®z, 1984). The ANOVA tables for
observations recorded were represented in Appdhdix
The table of analysis of variance (ANOVA) will be alculated as follows:

Hypothesis to be tested
Ho: =tz = 3 = wg = ps = g = py or All treatments means are equal
Against

H; = At least two treatments are not equal

Source of | Degree of Sum of Mean sum of F F table
variation Freedom Squares Squares calculated value
Treatments t-1 TSS TsS MST/MSE
= MS5T
(t—1)
Error t(r-1) ESS ESS
= MSE
t(r—1)
Total (rt-1) TSS

Let the level of significance be 0.05
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ANOVA
The calculated ‘F’ value was compared with ‘F’ lealvalue at 5 per cent level of
significance. If the calculated value is highenthiae table value, it will be considered signifitan
The standard error of mean i.e., SE and criticierénce (CD) will be calculated for

comparing the different treatment means.

Critical difference = SE (d) x t (5%) value at erdegree of freedom
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Chapter-4
RESULTS AND DISCUSSION

The data that was recorded during the investigatiatitled ‘Growth regulator studies

in mop head hydrangea Kydrangea macrophylla) for improved vigour and flowering” is
presented and discussed in this chapter. The amalvariance for various characters studied

have been presented in Appendix Ill.
4.1 Plant Height (cm)

The data pertaining to the effect of plant growglguiators on height of plant has been
indicated in Table 4.1 and graphically in Fig.lofarthe table, it is revealed that plant growth
regulators had significant effect on plant heighbydrangea plants as compared to control. The
maximum plant height (39.60 cm) was recorded 4n.d., GA @ 100 ppm which was followed
by Ts (36.67 cm) @ 50 ppm & + 50 ppm BA and 3(36.13 cm) GA @ 50 ppm, whereas the
minimum plant height (28.33 cm) was recorded in @A150 ppm (F). From this it was found
that T, (GA; @ 100 ppm) was superior over other treatmentsdreasing the plant height.

Table 4.1. Effect of plant growth regulators on plat height (cm) of Hydrangea macrophylla

Treatment | Treatments Details Plant height (cm)
T1 Control 29.60
T, GA; @ 25 ppm 35.53
T3 GA; @ 50 ppm 36.13
Ty GA; @ 100 ppm 39.60
Ts BA @ 50 ppm 33.07
Te BA @ 100 ppm 30.53
T BA @ 150 ppm 28.33
Ts GA4+7 @ 50 ppm+ BA @ 50 ppm 36.67
To GAs:7 @ 150 ppm+ BA 150 ppm 35.27
T1o GA4+7 @ 250 ppm+ BA @ 250 ppm 33.93
C.Doos 1.15




Plant height is a fundamental agronomical factofidd research and is used to evaluate
the above ground biomass and yield potential (Yasidal, 2020). From the data recorded it
was clear that foliar application of GA@ 100 ppm resulted in maximum plant height (39.60
cm). As it was also observed that with increaseancentration of GA there was a significant
increase in the height of the plant and with insie@ concentration of BA the plant height
decreased.

The increase of plant height with application of @#&due to the cell multiplication and
cell elongation property of gibberellins. As it @mtes auxin activation by proliferating the site
of auxin action i.e., shoot apex. Thus, due to ellhgation the internodal length and number
increases which causes increase in plant heigla.résults were in accordance with findings of
Aier et al (2015) in gladiolus cv. ‘Red Candyman’, Faragal. (2018) in Chrysanthemum
morifolium cv. ‘Zambla White’ where maximum plant height wasorded when plants were
treated with GA. Sumalatha (2017) also concluded that maximumtgiaight was recorded

when lilium (ilium longifolium) cv. ‘Menorca’ plants were sprayed with 100 ppm;GA

With increasing concentration of BA there was reuurcin the height of the plant. This
was due to the modification in the apical dominanke BA lowers the endogenous level of
auxin and gibberellins thus causing reduction ianplheight. BA is also known to have
inhibitory effects at higher concentrations. Thessults were in accordance to Parrearal

(2009) inHyznecallis speciosand Kumariet al.(2018) in Asiatic lily cv. ‘Tresor’.
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Fig.-1: Effect of plant growth regulators on plant height (cm) of
Hydrangea macrophylla
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T4 (GA3-100 ppm  T7(BA-150 ppm)
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T4 (GAz-100 ppm) T7(BA-150 ppm)
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Plate 2. Plant height at vegetative (a) and flowang (b) stage oHydrangea macrophylila



4.2 Plant Spread (cm)

The data depicting the effect of plant growth regus on plant spread has been
presented in Table 4.2 and graphically representédy.2.

The maximum plant spread being 35.43 cm was redoird> i.e., BA @150 ppm as
compared to other treatments. This data was at38296) with plants in §(GA4.+7 @ 50 ppm+
BA @ 50 ppm). This was closely followed by the ottreatments i.e., Jl(GA4.+7 @ 150ppnt+
BA @ 150 ppm) and 1t (GAs+7 @ 250 ppmt+ BA @ 250 ppm) with plant spread of 33.11 cm
and 33.23 cm respectively and these treatments atgyar with each other. The minimum plant
spread (27.09 cm) was recorded in.€., GA @ 25 ppm.

Table 4.2. Effect of plant growth regulators on plat spread (cm) ofHydrangea macrophylla

Treatment | Treatments Details Plant spread (cm)
T1 Control 28.51
T2 GA; @ 25 ppm 27.09
Ts GA; @ 50 ppm 27.74
T, GA; @ 100 ppm 29.39
Ts BA @ 50 ppm 29.57
Te BA @ 100 ppm 31.17
T, BA @ 150 ppm 35.43
Tsg GA4.7 @ 50 ppmt BA @ 50 ppm 33.96
Ty GA4.7 @ 150 ppm+ BA 150 ppm 33.11
T1o GA47 @ 250 ppm+ BA @ 250 ppm 33.23
C.Doos 1.80

Plant spread is a significant agronomical featheg tetermines plant morphology above
ground. It is clear from Table 4.2 that the appiaraof plant growth regulators had significantly
affected the plant spread. The maximum plant spwesirecorded in plants treated with BA @
150 ppm. The increase in plant spread might betaltize physiological effect of BA, as BA are
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known for cell enlargement not cell elongation ashwauxin and GA Another reason of

increased plant spread can be stimulation in nurbghnoots of plants.

BA promotes cell growth in all directions (PreecedaRead, 1993). There can be
decrease of apical dominance if cytokinin levelthim plant are elevated (Hartmagtral, 2002).
Thus, increase in lateral growth causes increatat ppread. These results are corroboratory
with findings of Vasudevan and Kannan (2015) ireraadMondal and Sarkar (2017) in Hybrid

Tea rose cv. ‘Bugatti’ in both cases maximum pkpread was recorded with application of BA
@ 200 ppm.
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Fig.2: Effect of plant growth regulators on plant spread (cm) of
Hydrangea macrophylla

4.3 Number of shoots

The data pertaining to the number of shoots of dwygea plants as shown in Table 4.3
and graphically represented in Fig.3 were signifilya affected by the application of plant

growth regulators.

As per the observations recorded the maximum numbghoots per plant (12.15) were
produced in plants treated with BA @ 150 ppm)(This was followed by 1b (GA @ 250 ppm
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+ BA @ 250 ppm) being 11.70 and BA @ 100 ppm) being 11.28, these two treatmersew
at par with each other. The minimum number of sheare recorded in;{Control) i.e., 6.98.

Table 4.3. Effect of plant growth regulators on nurber of shoots ofHydrangea macrophylla

Treatment | Treatments Details Number of shoots
T, Control 6.98
T2 GAz @ 25 ppm 7.60
T3 GAs @ 50 ppm 8.70
Ty GAs; @ 100 ppm 9.42
Ts BA @ 50 ppm 10.06
Te BA @ 100 ppm 11.28
T, BA @ 150 ppm 12.15
Tg GA4+7 @ 50 ppmt BA @ 50 ppm 10.57
To GAs:7 @ 150 ppm+ BA 150 ppm 11.07
T1o GA47 @ 250 ppm+- BA @ 250 ppm 11.70
C.Doos 0.57

Data presented in Table 4.3 revealed that maximumber of shoots per plant (12.15)
were produced in plants treated with BA @ 150 pfinvas also recorded that the increasing
concentration of BA significantly increased the ranof shoots. The regulation of shoots or
shoot branching is an important aspect in improvenoé crop. BA are known to regulate cell
division and plays important part in lateral budtgrawth. Several findings reported that
cytokinins synthesized in the stem nodes are resblenfor axillary bud outgrowth (Chest al.,
2016). Duret al (2012) reported that external application of Békances growth of lateral buds
and hence counter acts the effect of apical donsmgiving rise to more shoots.

These results were in substantial agreement witthrfgs of Ibrahimet al. (2010) who
concluded that when foliar application of BA @ I&#m was done on Croton maximum number

of shoots were produced. Similar results were dEbrby Careyet al. (2013) in Salvia
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nemorosal. cv. ‘Caradonna’, Newton and Runkle (2015) intpdtMiltoniopsis Orchids and

Zhanget al (2018) tea cv. ‘Longijng 43'.

Likewise, the number of shoots were seen increastl different concentration of
GA4+7 +BA as compared to control. This might be due todbmbine effect of both gibberellins

and cytokinin on physiology of the plant.
4.4 Length of shoots (cm)

The data illustrated in Table 4.4 and graphicaflyFig. 3 indicates that the length of
shoots of plants treated with plant growth regukt&howed significant difference between the

treatments.

The maximum length of shoots was recorded if2.51 cm) with application of GA@
100 ppm. This treatment was followed by (24.37cm) with application of GA@ 50 ppm and
then T3 (23.81 cm) with application of GA; @ 50 ppm + BA @ 50 ppm. The minimum length
of shoots was recorded i 14.59 cm) i.e., BA @ 150 ppm.

Table 4.4. Effect of plant growth regulators on legth of shoots (cm) ofHydrangea

macrophylla

Treatment Treatments Details Length of shoots (cm)
T1 Control 17.97
T, GA; @ 25 ppm 23.10
T3 GAs @ 50 ppm 24.37
Ty GA; @ 100 ppm 27.51
Ts BA @ 50 ppm 17.05
Te BA @ 100 ppm 16.36
T, BA @ 150 ppm 14.59
Ts GAs7 @ 50 ppm+ BA @ 50 ppm 23.81
Ty GA47 @ 150 ppmt+ BA 150 ppm 22.70
T10 GA47 @ 250 ppm+- BA @ 250 ppm 22.33

C.Doos 1.25
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As the results of pre sent investigation revealeat tmaximum length of shoot was
recorded in plants treated with @& 100 ppm and minimum was recorded where BA @ 150
ppm was used. Also, the data presented in tablshtws significant increase in length of shoots

with increase in the concentration of &&nd decrease with increase in concentration of BA.

The emergence of longer shoots is due to the mosiopnced effect of gibberellins on
the plant growth i.e., cell enlargement or elorgaf internodes. Significant increase in length
of shoots were also observed by Verma and Parnd@3j2n Carnation where 100 ppm of GA
was applied. Similar results were recorded by Holdaal. (2018) in gladiolus cv. ‘Summer
Shine’ and Sijcet al. (2020) in rose.

With increasing concentration of BA there was daseein length of shoots, this might be
due to some moderations in apical dominance or beayeduction in endogenous level of
gibberellins. The similar results were found in fmwmity with Chakardhar (2002) in Rose cv.
‘Gladiator’ and by Suresh (2008) also in rose.
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Fig.3: Effect of plant growth regulators on length and number of
shoots of Hydrangea macrophylla

4.5 Growth Index (cm)

The data in respect to growth index of plants espnted in Table 4.5 and graphically in
Fig. 4. The observations depicted in the table shawignificant difference in the growth index
of plants as affected by the use of different ptanivth regulators.
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The maximum (35.81 cm) value of growth index wasorded in plants where
application of GA.; @ 50 ppm+ BA @ 50ppm () was done. Whereas the minimum (29.54

cm) growth index was recorded in contro{XT

Table 4.5. Effect of plant growth regulators on gravth index (cm) of Hydrangea

macrophylla
Treatment | Treatments Details Growth Index (cm)

T1 Control 29.54
T, GAs @ 25 ppm 30.57
T3 GAs @ 50 ppm 31.03
T4 GAs @ 100 ppm 33.99
Ts BA @ 50 ppm 30.91
Te BA @ 100 ppm 30.43
T BA @ 150 ppm 32.08
Tsg GA4+7 @ 50 ppmt BA @ 50 ppm 35.81
To GAs7 @ 150 ppm+ BA 150 ppm 34.16
Tio GA4+7 @ 250 ppm+ BA @ 250 ppm 33.64

C.Doos 1.23

From the data presented in the Table 4.5 the maxigrowth index was recorded in
plants where application of 50 ppm @A+ 50 ppm BA was done. There was a significant
increase in the growth index as compared to canfituk increase in overall plant growth might
be due to combined effect of gibberellic acid aetizyl adenine. Gibberellins are involved in
the regulation of axillary meristems, thus contrgithe plant architecture (Eshed and Lippman,
2019). The combination of GAy + BA increased the lateral growth and caused eloorgadf
lateral branches, which ultimately enhanced theravgrowth of the treated stock plants.
Similar results were obtained by Markovic and Kl¢&021) in Salvia pachyphyllaand
Osteospermunmybrid where there was a significant increasehi@ growth index at 50 ppm

concentration of GAz+ BA as compared to other treatments.
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Fig.4: Effect of plant growth regulators on growth index (cm) of
Hydrangea macrophylla

4.6 Number of days taken for visible bud formation

The data pertaining to the effect of plant gronggulators on number of days taken for
visible bud formation from date of planting of hgdgea plants is depicted in Table 4.6 and
graphically represented in Fig.5. The use of giblies and cytokinin at different concentrations

showed significant differences among the treatments

From the data recorded it was clear that the plkaested with GA @ 100 ppm (7) took
minimum days (151.47 days) for visible bud formatwhich was statistically at par withs T
(GAsz @ 50 ppm) with 153.47 days taken for visible badrfation. The maximum days (170.13
days) were observed in; TBA @ 150 ppm). This treatment was statisticallypar with T
(169.10 days) with application of 250 ppm &GA+ 250 ppm BA.

The data presented in Table 4.6 shows significanation in the number of days taken
for visible flower bud formation due to applicati@i various concentration of plant growth
regulators. The plants where foliar applicationG#; was done took minimum number of days

for the formation of visible buds as compared weither treatments.
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Table 4.6. Effect of plant growth regulators on nurber of days taken for visible bud
formation of Hydrangea macrophylla

Treatment | Treatments Details Nl\j/riz?b?; %fu?ii%sr%aaﬁ?onnfor
T1 Control 161.96
T, GAs @ 25 ppm 158.53
Ts GAs @ 50 ppm 153.47
Ty GA; @ 100 ppm 151.86
Ts BA @ 50 ppm 163.33
Te BA @ 100 ppm 165.60
T, BA @ 150 ppm 170.13
Ts GA47 @ 50 ppm+ BA @ 50 ppm 160.33
To GAs:7 @ 150 ppm+ BA 150 ppm 165.97
T1o GA47 @ 250 ppm+ BA @ 250 ppm 169.10

C.Doos 241

Plants treated with GA@ 100 ppm took minimum number of days (151.86)visible
bud formation. This is due to the fact that gibbiare promote juvenile to adult transition when
endogenous level increases (Andetsal, 2014). Also, gibberellins are known to prolifera
auxin synthesis and directs the transport of méditalsato stem apical meristem and promotes
development of buds. GAstimulated early bud formation also in the repdaysPatil (2001)
Gerbera jamesonicv. ‘Sangria’ with GA at 150 ppm, Parmaat al (2009) in Spider lily with
GA; at 200 ppm, Paliet al (2016) in African marigold with GAat 100 ppm and Mishret al.
(2019) in Amaryllis lily with GA at 250 ppm.

Whereas the plants treated with BA took maximumsdiay formation of visible buds.
This may be due to the fact that at higher coneéintr of BA, it was observed that slower cell
division takes place which causes the cells to ta&ee time for formation of photosynthates that
are required for bud initiation. Similar resultsre@eported by Asiet al. (2011) inPolianthes
tuberosel. (cv. ‘Goldorosht Mahallat’). Likewise, the ireaise in concentration of BA in; T
(GA47@ 150 ppmt BA @ 150 ppm) also caused late emergence of eisibtls (170.13).
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4.7 Number of days taken for flowering

The result presented in Table 4.7 and graphicallyig. 5 shows the effect of plant

growth regulators on flowering of hydrangea.

A perusal of data indicated the significant effeCGA;, BA and GA..7+BA on number
of days taken for flowering. The minimum numberdafys (184.53 days) taken for flowering
were recorded in jli.e., foliar application of GA@ 100 ppm. This treatment was at par with T
(GAs; @ 50 ppm) with 186.86 days taken for floweringwdoer, the maximum number of days

(208.83) were recorded iy With BA @ 150 ppm.

Table 4.7. Effect of plant growth regulators on nmber of days taken for flowering of

Hydrangea macrophylla

Treatment | Treatments Details Numberﬂ% fvsi(jryi/:gtaken for
T1 Control 201.67
T, GA; @ 25 ppm 189.13
T3 GAs @ 50 ppm 186.86
Ty GA; @ 100 ppm 184.53
Ts BA @ 50 ppm 203.03
Te BA @ 100 ppm 206.37
T, BA @ 150 ppm 208.83
Ts GA47 @ 50 ppm+ BA @ 50 ppm 195.67
To GA47 @ 150 ppm+ BA 150 ppm 197.03
Tio GA47 @ 250 ppm+ BA @ 250 ppm 199.83
C.Doos 3.07

From the results of the investigation as depicted@able 4.6 it is clear that the minimum
number of days taken for flowering were recordeglants treated with GA@ 100 ppm which
was at par with plants treated with &@&® 50 ppm. This can be due to the effect of gidbese
which reduces juvenile phase and also due to ptmofuof florigen flowering hormone. Thus,

causes early development of flowering stage (remtie stage) i.e., the shoot apical meristem
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instead of producing branches and leaves startdupimog flowers. These results are in
concurrence with findings of Asiét al. (2011) in Polianthes tuberosk. (cv. ‘Goldorosht

Mahallat’) with application of GA@ 100 ppm and Yogendra (2021)dalendula officinalis

BA treated plants took maximum number of days ffowering, this is due to the
property of BA which causes enhancement in multipl®oting or lateral branching and
sometimes it also interferes in synthesis of endoge auxin and gibberellins. Thus, taking more
time for flowering. Caret al. (2013) inSalvia nemorosand Holkaret al. (2018) in gladiolus
cv. ‘'Summer Shine’ had recorded the same resuleyevBA caused delay in flowering. Also,
Attiya et al. (2015) observed that benzyl adenine when sprayedily plants significantly

increase the time taken for flowering as compaoecbntrol.

250

200
g‘

& 150
]

100

50

D

T: T Ts Ta Ts Ts T+ Ts Te T
Trcatments
M Days taken for visible bud formation M Days taken for flowering

Fig.5: Effect of plant growth regulators on number of days taken for
visible buds formation and for flowering of Hydrangea macrophylla
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(5) Flower at peak pigment

Plate 3. Various developmental stages of infloresoee ofHydrangea macrophylla



4.8 Maximum number of inflorescences open at a tieper plant

The data presented in Table 4.8 and Fig. 6 reve#thedl maximum number of
inflorescences open at a time per plant were recbrd plants treated with GA@ 100 ppm
(4.13- Ty) which was statistically at par withy 74.07) and § (3.93).

The minimum number of inflorescences (3.06) opea titne per plant were recorded in
plants treated with 250 ppm GA + 250 ppm BA (To) which was statistically at par withy T
(3.20) being Control, (3.47) being GA @ 25 ppm, T (3.07) being BA @ 50 ppm ang T
(3.33) being BA @ 100 ppm.

Table 4.8.  Effect of plant growth regulators on maimum number of inflorescences open
at a time per plant of Hydrangea macrophylla

_ Maximum number of
Treatment | Treatments Details inflorescences open at a time
per plant

T1 Control 3.20
T2 GAs @ 25 ppm 3.47
Ts GA: @ 50 ppm 3.60
Ty GA; @ 100 ppm 4.13
Ts BA @ 50 ppm 3.07
Ts BA @ 100 ppm 3.33
T7 BA @ 150 ppm 4.07
Ts GAs+7 @ 50 ppmt BA @ 50 ppm 3.93
Ty GA4+7 @ 150 ppmt+ BA 150 ppm 3.67
T1o GAs7 @ 250 ppm+ BA @ 250 ppm 3.06

C.Doos 0.41

From the data presented in the Table 4.8, the marimumber of inflorescences open at
a time per plant were recorded in plants treatedreviapplication of GA@ 100 ppm was done.
This is due to application of exogenous gibbersllivhich attributes to the direct activation of
the genes that are necessary for flower formatidms is the first step of vegetative to

reproductive phase transition and thus leadinght groduction of inflorescence meristems
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(Blazquezet al, 1997). Thus, leading to opening of maximum irdkzences. Another reason
can be increased amylase activity with applicabbmibberellic acid which leads to luxurious
growth of plant and affecting the opening of fler@t a time which overall affects opening of
inflorescence at a time. The findings of preseatigtare in agreement with those of Alshakhaly
and Qrunfleh (2019) i€yclamen persicunBumalatha (2017) ihilium longifolium Palieet al
(2016) in African marigold, Sudhakar and Kumar (20ih gladiolus cv. ‘White Friendship’.

BA treated plants also showed increase in numbénflafrescences open at a time this
might be due to greater number of shoots produgtddapplication of BA. As it enhances lateral
growth of plants so it is possible that due to higimber of branches more inflorescences are
produced. These results are in conformity with iFapd Sasaki (2000) and Blanchard and
Runkle (2008).

4.9 Inflorescence diameter (cm)

The results obtained on the effect of differentnplgrowth regulators on diameter of

inflorescences have been presented in Table 4.grapthically depicted in Fig.6.

The significantly maximum inflorescence diametesiswecorded in J(GA; @ 100
ppm) with 12.26 cm which was statistically at pathwr,, T3, Ts and T i.e., 11.55 cm, 11.90
cm, 11.70 cm and 12.07 cm respectively. The mininmfforescence diameter was recorded in
T1 (Control) with 9.73 cm.

Data presented in Table 4.9 shows that maximuroriedlcence diameter (12.26) cm was
recorded in T (GAs @ 100 ppm) whereas the minimum (9.73 cm) infloeese diameter was
recorded in control. The increase in inflorescedieeneter might be on account to the fact that
GA3; enhances translocation of metabolites at thedditdbower bud development. This might
have led to increase in floret size which evenyuaicreased the diameter of inflorescences.
Also, GAg causes more production of food material in leashes to enhanced physiological

activities in turn led to production of bigger siziéowers

Similar results were recorded by Sres#tal (2020) where maximum bloom diameter
was observed in plants treated with applicatiogibberellic acid in calendula. Sharifuzzanen
al. (2011) in chrysanthemum, Kanwat al (2013) in African marigold, Muhammaet al.

(2016) in chrysanthemum also observed the samedserin size of flowers in their studies.
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Table 4.9.

Effect of plant growth regulators on
Hydrangea macrophylla

iflorescence diameter (cm) of

Treatment | Treatments Details Infloresc?gris diameter
T Control 9.73
T, GAs; @ 25 ppm 11.55
T3 GAs @ 50 ppm 11.90
T4 GAs @ 100 ppm 12.26
Ts BA @ 50 ppm 11.04
Te BA @ 100 ppm 11.70
T, BA @ 150 ppm 12.07
Ts GAs4+7 @ 50 ppm+ BA @ 50 ppm 11.06
To GA4+7 @ 150 ppm+ BA 150 ppm 10.63
T1o GA4+7 @ 250 ppm+ BA @ 250 ppm 10.05
C.Do.os 1.15

4.10 Number of inflorescences per plant

The data regarding the effect of plant growth ratprks on total number of inflorescences

per plant is illustrated in Table 4.10 and graplyca Fig.6. The data shows that number of

inflorescences per plant were found to be maxim20) in T, (BA @ 150 ppm). Whereas, the

minimum number of inflorescences (4)4@ere recorded inl{control).

The number of inflorescences per plant was sigmfiy affected by the application of

plant growth regulators. The maximum inflorescenges plant were recorded in plants where

application of BA @ 150 ppm was done. The incraaseumber of inflorescences per plant is

due to the production of more shoots per plant.s€éheesults were in accordance with work

reported by Blanchard and Runkle (2008) in Orchiambieret al. (2012) in Dendrobium
hybrids cv. ‘Angel White’, Careyet al (2013) in Salvia nemorosaVasudevan and Kannan
(2015) in rose, Ashwani and Chandrashekar (201&aination.
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Table 4.10. Effect of plant growth regulators on nmber of inflorescences per plant of
Hydrangea macrophylla

Treatment | Treatments Details Numberpc;frig:‘la?nr;ascences
T1 Control 4.40
T2 GA; @ 25 ppm 5.26
Ts GA; @ 50 ppm 5.67
Ts GA; @ 100 ppm 6.13
Ts BA @ 50 ppm 6.40
Ts BA @ 100 ppm 6.53
T, BA @ 150 ppm 7.20
Tsg GA47 @ 50 ppmt+ BA @ 50 ppm 5.46
To GA4+7 @ 150 ppmt+ BA 150 ppm 5.67
T1o0 GA47 @ 250 ppm+ BA @ 250 ppm 6.07
C.Doos 0.45
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Fig.6: Effect of plant growth regulators on number of inflorescences per
plant open at a time , total number of inflorescences and inflorescence
diameter (cm) of Hydrangea macrophylla

GA; treated plants also showed increase in numbarfloréscences this can be due to

enhanced production and accumulation of more plotbates that were diverted to the sink and
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produced high number of inflorescences (Sharifuzzash al.,2011). Another reason can be the
indirect effect of gibberellins which causes ins@& number of leaves and leaf area, this might
have boosted the formation and accumulation ofrakges that were translocated from source
to sink for flowers production. These results weresimilar trend with findings of Sumalatha
(2017) in Asiatic lilium, Alshakhaly and QrunfleRJq19) in Cyclamen where high number of

flowers were recorded in treatment with gibberedlotd.

4.11 Length of flower stalk (cm)

The data pertaining the effect of plant growth tetprs on length of flower stalk has
been shown in Table 4.10 and graphically in figiiom the table it is clear that shortest flower
stalks were recorded in plants treated with BA @ gpm () with 2.74 cm. The longest flower
stalks were recorded i, TGA; @ 100 ppm) being 3.77 cm which was followed hy(GA; @

50 ppm) being 3.41 cm and [GA4+7 @ 50 ppm+ BA @ 50 ppm) being 3.27 cm.

Table 4.11. Effect of plant growth regulators on Iagth of flower stalk (cm) of Hydrangea

macrophylla

Treatment | Treatments Details Length o(fcfrlr?)vv er stalk
T1 Control 3.01
T2 GA: @ 25 ppm 3.11
Ts GA: @ 50 ppm 3.41
Ta GA; @ 100 ppm 3.77
Ts BA @ 50 ppm 3.02
Ts BA @ 100 ppm 2.85
T7 BA @ 150 ppm 2.74
Ts GA47 @ 50 ppm+ BA @ 50 ppm 3.27
To GAs:7 @ 150 ppm+ BA 150 ppm 3.11
Tio GAsr @ 250 ppm+ BA @ 250 ppm 3.03

C.Doos 0.17
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The flower stalk length was significantly affectieg application of different plant growth
regulators at varying concentrations. It was fouhdt with application of BA there was
significant decrease in flower stalk length. Theimium was recorded in plants treated with BA
@ 150 ppm this can be due to inhibition of cell ngiation and cell division at higher
concentration of benzyl adenine. The significancehort flower stalk length is that it will give
compact inflorescences. Similar results were foulnyd Mishra et al (2019) in Amaryllis
belladonna cv. ‘Zephyranthes’ and Maheshwari andasinjeevi (2019) in Tuberose cv.

“Single”.

Likewise, maximum flower stalk length (3.77 cm) wiasind in treatment where foliar
application of GA @ 100 ppm was done. This increase in length istdwgongation of cells
Faraget al.(2018). Also, this can be due to high photosymthestd metabolic activity caused by

gibberellins which results in increased translazaind use of photosynthetic products.

These results were in conformity with findings diddluket al. (2007) in anthurium, Asil
et al. (2011), Sharifuzzamaat al (2011) in chrysanthemum, Dogea al. (2012) in gerbera

where similar increase in length of stalk was rdedrwith application of gibberellic acid.
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4.12 Duration of flowering (days)

The results mentioned in Table 4.12 and graphigallyig.8 on duration of flowering by

the use of different plant growth regulators onraygea.

The maximum duration of flowering was recorded lemps treated with foliar application
of BA @ 150 ppm (F) with 86.82 days whereas minimum duration of flovweg was recorded in
T1 (Control) with 65.19 days. From data recordedsitlear that among the concentration of
gibberellic acid used GA@ 100 ppm () had the maximum duration of flowering (76.12),
whereas in case of benzyl adening) (@ith 150 ppm and in combination GA + BA (Tsg) with

50 ppm each were reported with maximum duratiofoefering.

Table 4.12. Effect of plant growth regulators on dtation of flowering (days) of Hydrangea

macrophylla

Treatment | Treatments Details Duratior(l d(:yfslg)wering
T1 Control 65.19
T GA; @ 25 ppm 70.82
Ts GA; @ 50 ppm 73.01
Ty GA; @ 100 ppm 76.12
Ts BA @ 50 ppm 79.56
Te BA @ 100 ppm 83.96
T, BA @ 150 ppm 86.82
Ts GA4+7 @ 50 ppm+ BA @ 50 ppm 73.11
T, GAs:7 @ 150 ppm+ BA 150 ppm 69.57
Tio GA4+7 @ 250 ppm+- BA @ 250 ppm 66.83

C.Doos 1.95

From the Table 4.12 it is clear that different cemication of plant growth regulators had
significantly affected the duration of flowering.h& maximum duration of flowering was

recorded in plants where foliar application of BAI&0 ppm was done. There was an increase
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in duration of flowering with increase in concetitwa of BA. This increase might be due to the
effect to increased endogenous BA concentrationvamnous physiological activities like

maintaining membrane permeability, water balana® @notein and nucleic acid metabolism of
the plant tissue. Optimal concentration of BA midtdve decreased the level of ethylene

production in flowers and thus extended the dunatibflowering.

These results were in accordance with Bagkeks. (2014) in rose where plants treated
with BA had maximum flower duration.Mondal and Sarkar (2017) in hybrid tea rose cv.
‘Bugatti’ with BA @ 200 ppm also reported same fesulikewise, Bala and Singh (2018) in
chrysanthemum also recorded the increase in fltifeewith application of BA @ 200 ppm.
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Fig.-8: Effect of plant growth regulators on duration of flowering
(days) on Hydrangea macrophylla

4.13 Pot presentability

Table 4.13 and Fig. 9 depicts the data pertainmigppesentability. The analysis of data

exhibited the significant effect of plant growtlgutators on pot presentability scores.

The maximum pot presentability score was recordeti(88.17) when the plants were
treated with GA.; @ 50 ppm+ BA @ 50 ppm, which was found at par with {86.20).

Whereas, minimum pot presentability was recordef ifControl) with a score of 73.92.

The data presented in the table had significandlsied with the use of plant growth

regulators. The maximum pot presentability (88.Was recorded in gf'where application of
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GA4+7 @ 50 ppm+ BA @ 50 ppm was done. This might be due to theluoed effect of both
GA4+7 + BA. As their effect resulted in overall growth pifant that includes plant height, plant
spread in balance with pot, number of inflorescenciriration of flowering. As gibberellins
might have contributed in the various physiologiaetivities like cell elongation, induction of
hydrolytic enzymes which regulates mobilization pbteins and metabolites. Whereas, BA
might have increased the lateral growth of the tplarcreasing the number of inflorescence

shoots, delayed senescence and increased duriflowering.

Thus, the combined effect of gibberellins and cytms enhanced overall growth and
flowering of hydrangea i.e., pot presentability eTiesults were in accordance with Henscbike
al. (2015) in their study ohlelloborus orientalisRed Hyrids’ and Markovic and Klett (2021) in
Salvia pachyphyllaand Osteospermunmybrid. The minimum pot presentability score (23.9

was recorded in control where no application ohpgrowth regulators was done.

Table 4.13. Effect of plant growth regulators on pt presentability of Hydrangea

macrophylla

Treatment | Treatments Details (Ps()goli:aezi?g‘bilgg)
T1 Control 73.92
T2 GA; @ 25 ppm 79.50
T3 GA; @ 50 ppm 81.34
Ty GA; @ 100 ppm 83.63
Ts BA @ 50 ppm 80.83
Te BA @ 100 ppm 82.76
T, BA @ 150 ppm 86.20
Tsg GA47 @ 50 ppmt+ BA @ 50 ppm 88.17
Ty GA4+7 @ 150 ppmt+ BA 150 ppm 84.64
T10 GA4+7 @ 250 ppm+ BA @ 250 ppm 81.13

C.Doos 3.52
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Fig.9: Effect of plant growth regulators on pot presentability of
Hydrangea macrophylla

The data illustrated in Table 4.14 and graphicall¥fig.10 indicates that the vase life of

plants where application of plant growth regulateras done showed significant difference

between the treatments.

Table 4.14. Effect of plant growth regulators on ase life (days) of Hydrangea
macrophylla

Treatment | Treatments Details Vase life (days)

T, Control 8.93

T2 GA; @ 25 ppm 10.86

Ts GAs @ 50 ppm 11.53

Ty GAs @ 100 ppm 12.60

Ts BA @ 50 ppm 12.86

Te BA @ 100 ppm 13.33

T, BA @ 150 ppm 13.67

Ts GAs7 @ 50 ppm+ BA @ 50 ppm 11.93

To GAs:7 @ 150 ppm+ BA 150 ppm 11.07

T1o GA47 @ 250 ppm+ BA @ 250 ppm 10.13
C.Doos 0.64

51



T2
(control) (GA-25 ppm)

W T
(G4100 ppm)

Ts
(BA-50 ppm)

T7
ABL50 ppm)

gl o T

Gf.7- 50 ppm (GA-150 ppm (GA-250 ppm
+ BA-50 ppm) + BA -50 ppm) + BA-250 ppm)

Plate 4. Effect of plant growth regulatoron growth and flowering of Hydrangea macrophylla



From the data presented in Table 4.14 it was utetetable that the maximum vase life
(13.67) was recorded in; Tvhere plants were treated with BA @ 150 ppm. Tit@atment was at
par with Ts (13.33) with application of BA @ 100 ppm. The mmim vase life (8.93) was
observed in T(Control).

The result of the present investigation indicatedt tmaximum vase life (13.67) was
observed in plants treated with BA @ 150 ppm aspared to control where minimum vase life
was recorded. The increase in vase life may betaluke anti-senescence property of benzyl
adenine. As senescence is a genetically regulatddnsediated through interaction between
hormonal and developmental signaling pathways (Gleamml.2003). BA delays the senescence
by inhibiting the ethylene synthesis by decreasing formation of ethylene synthesizing
enzymes thus increases the longevity of flowersothar reason can be decreasing the cellular
respiration rate caused by decreased ethylendtgdticells. The results are in accordance with
findings of Asilet al.(2011) inPolianthes tuberosehere a significant increase in vase life was
recorded in plants treated with BA @ 100 ppm aspamed to GA treated plantend Kapriet
al. (2018) in lily where maximum vase life was recatadgth application of BA @ 100 ppm.
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Fig.10: Effect of plant growth regulators on vase life (days) of
Hydrangea macrophylla
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415 Cost-Benefit ratio:

The total cost of cultivation dflydrangea macrophylldy use of different plant growth
regulators i.e., GA BA and GA.7+ BA was calculated per pot (APPENDIX V).

The net profit and BC ratio was highly influendagthe use PGRs. The maximum cost
benefit ratio (1.69:1) was obtained i (GA4+7 @ 50 ppm+ BA @ 50 ppm) with net profit (Rs.
277.26 per pot) followed by;T(BA @ 150 ppm) with BC ratio 1.65:1. The minimurast
benefit ratio was obtained ind(1.25:1). Thus, from this it is evident that platisated with
GA4+7 @ 50 ppmt+ BA @ 50 ppm gained maximum productivity with inesed net income. The
variation in treatments might be due to producttbmore shoots, flowers, better growth index

and maximum pot presentability score.
4.16 Susceptibility to pest and diseases and nuinhal chlorosis:

The pest like aphids and whiteflies were obseruathd the vegetative phase of the trail.
To control them application of Imidachlorprid @ O/L of water was done. Deficiency of iron
was observed as interveinal chlorosis was seeroanger leaves of the plants. To control this
foliar application of ferrous sulphate EDTA was ddhg/ L at fortnightly interval.

There was no incidence of disease during the exartation.
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Chapter-5
SUMMARY AND CONCLUSION

The present investigation entitledsrowth regulator studies in mop-head
hydrangea Hydrangea macrophylla) for improved vigour and flowering” was conducted at
Horticultural Research & Training Station and Krisfigyan Kendra, Solan at Kandaghat of Dr.
Yashwant Singh Parmar University of Horticultured &forestry, Nauni (Solan) during the year
2021-2022. The experiment was conducted under aibtwrentilated polyhouse of 105x7x3.5
m?’ size. The experiment was laid in Complete Randoth2esign (CRD) with three levels of
GA3Vviz. 25 ppm, 50 ppm and 100 ppm; three levels of BA50 ppm, 100 ppm and 150 ppm,
three levels of GA~ +BA that are 50 ppm, 150 ppm and 250 ppm each aedcontrol that
makes a total of ten treatments each having tleglecations. Uniformed developed one and half
years old stock plants were planted in pots hagmgving media consisting of pine wood soill,
FYM, sand, pine needle leaf mould and shredded tpgeebark (2:1:1:1:1v/v).

The parameters like plant height, plant spread, bmimof shoots, length of shoots,
number of days taken for visible bud formation, vgito index, days taken for flowering,
inflorescence diameter, number of inflorescenoesgth of flower stalk, maximum number of
inflorescences open at a time per plant, duratiofitoavering, pot presentability, vase life and

benefit cost ratio were observed during the study.

The salient findings of the results obtained dutihg course of investigation are

summarized below:

» Plants treated with GA@ 100 ppm showed maximum plant height (39.60 cimichv
was closely followed by 4(36.67 cm) @ 50 ppm GA; + 50 ppm BA whereas the
minimum (28.33 cm) plant height was obtained imfgdareated with BA @ 150 ppm.

* Maximum plant spread (35.43 cm) was recorded imtpléreated with BA @150 ppm
(T). This data was at par with plants treated wittppth GAi.7 + 50 ppm BA (E). The
minimum plant spread (27.09) was recorded in plamtere GA @ 25 ppm (%)

application was done.



Among various treatments, the maximum number ofosh@er plant (12.15) were
obtained in plants treated with BA @ 150 ppm)(@&nd minimum (6.98) number of
shoots were recorded in TControl).

The maximum length of shoots was recorded i(Z.51 cm) with application of GA@
100 ppm and minimum length of shoots was recordef} i(14.59 cm) with application
of BA @ 150 ppm.

The maximum (35.81 cm) value of growth index wataoied in plants treated with 50
ppm GAw:7 + 50 ppm BA (&) and minimum (29.54 cm) growth index was recorded
control (Ty).

Minimum days (151.47 days) were recorded for Wsitud formation in plants treated
with GAs; @ 100 ppm (7) whereas maximum days were taken by (170.13 dagsg
observed in T(BA @ 150 ppm).

GAz @ 100 ppm (1) showed minimum (184.53) days taken for flowermigereas the
maximum days (208.83) were recorded y{BA @ 150 ppm).

Among all the treatments maximum number of infloesges open at a time per plant
were recorded in plants treated with & 100 ppm (4.13) which was at par with T
(4.07) and ¥ (3.93) whereas the minimum number of inflorescen@06) open at a
time per plant were recorded in plants treated &0 ppm GA.; + 250 ppm BA (To).
Maximum inflorescence diameter (12.26 cm) was medrin T, (GA; @ 100 ppm) and
minimum inflorescence diameter (9.73 cm) was reedid T, (Control).

Shortest flower stalk (2.74 cm) was recorded imfgldreated with BA @ 150 ppm AT
and longest flower stalk (3.77 cm) was recorded,{itA; @ 100 ppm).

The number of inflorescences per plant were maxinfar20) in T, (BA @ 150 ppm.
Whereas the minimum (4.%@umber of inflorescences were recordedrfcbntrol).
Duration of flowering were found maximum (86.82 dpin plants where application of
BA @ 150 ppm was done {)Tas compared to control {)Twhere minimum (65.19)
duration of flowering was recorded.

Among various treatments, the plants treated witippm GA..z + 50 ppm BA had the
maximum (88.17) pot presentability score whereasimum (73.92) pot presentability
score was recorded in TControl).
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» Longest vase life (13.67) was recorded with treatnBA @ 150 ppm whereas minimum
vase life (8.93) was observed in(Control).

* The maximum cost benefit ratio (1.69:1) was obs#inels (GA4+7 @ 50 ppm+ BA @
50 ppm) with maximum net profit (Rs. 277.26 per)pot

CONCLUSION:

On the basis of these results revealed from thidystuwcan be concluded that GA
@ 50 ppm + BA @ 50 ppm when applied three times atldys interval during the vegetative
growth of plant had the maximum growth index andximam pot presentability. Also, it
significantly affected other parameters like pldmight, plant spread, length of shoots,

inflorescences per plant, flower stalk length aadyeflowering.

The plants treated with GA@ 100 ppm had highest plant height, maximum length
of shoots, minimum days taken for visible bud fotiora and flowering and maximum number
of inflorescences open at a time per plant. Howetle maximum plant spread, number of
shoots, longest duration of flowering, maximum vafewas remarkably found best in plants
treated with BA @ 150 ppm. Thus, from this it iscluded that hydrangea plants treated with
GA4+7@ 50 ppm + BA @ 50 ppm resulted in most desirahte @esentable potted plants with

maximum benefit cost ratio.
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APPENDIX |

Monthly Average Meteorological data of the experimatal area during the research period
August 2021- June 2022

Month Temperature (°C) Rainfall Relative
Minimum Maximum (mm) humidity
(%0)
August, 2021 17 26 180.8 78
September, 2021 16 27 49.5 83
October, 2021 13 27 9.5 59
November, 2021 8 20 0 42
December, 2021 6 18 3.4 39
January, 2022 5 18 51.2 62
February, 2022 7 21 18.7 58
March, 2022 10 25 0.3 32
April, 2022 11 27 1.2 21
May, 2022 14 27 11 30
June, 2022 18 29 15 35

Source: National Centres for EnvironmeRtadictions (NCEP) and World
Meteorological Organization



APPENDIX Il

Physico-Chemical properties and available nutrienin growing media at the
time of planting

Parameter Quantity
pH 6.13
EC dS ' 0.14
Organic Carbon (%) 0.21
N (kg ha') 508
P (kg ha) 30.2
K (kg ha?) 214




APPENDIX I

Analysis of variance for characters under study asfluenced by growth regulator on
Hydrangea macrophylla

Characters Mean sum of squares (MSS)

Source of
variation
df Pl_ant Plant Number of Length of Growth Index
height spread shoots shoots (cm)
(cm) (cm) (cm)
Treatment 9 37.05 24.85 9.17 52.72 12.71
Error 20 0.45 1.11 0.11 0.53 0.52
Total 29
Characters Mean sum of squares (MSS)
variation 4f | taken for visible Number of number of Inflorescence
bud formation days taken inflorescences diameter
for flowering | open at a time per (cm)
plant
Treatment 9 112.45 186.10 0.47 1.52
Error 20 1.69 0.816 0.06 0.58
Total 29
Characters Mean sum of squares (MSS)
Source of Length .
variation of?lr(])?/ver Number of Duration of Pot _
df stalk inflorescences | flowering | Presentability | Vase life
(cm) per plant (days) (days)
Treatment, 9 0.26 1.85 68.97 74.48 6.66
Error 20 0.01 0.06 2.97 0.16 0.14
Total 29




APPENDIX IV

A. Cost of production of pottedHydrangea macrophylla

S.No. Particulars Price (Rs)
1 Pine wood soll 15.00 per kg
2 FYM 2.00 per kg
3 Sand 2.00 per kg
4 Pine needle leaf Mould 15.00 per kg
5 Shredded pine tree bark 15.00 per kg
6 Rooted cuttings of hydrangea 10.00 per cutting
7 Cost of black plastic pots (8 inches) 80.00 [mdr p
8 Labour charges (Rs 350/ day) 20.00 per pot
9 Gibberellic acid (GA) 160.00 per 1g
10 Benzyl adenine (BA) 128.00 per 1g
11 GAw:7+BA 1100.00 per 1g
B. Details of the cost of production oHydrangea macrophylla per flowering pot
Particulars T1 T T3 T4 Ts
(control)
1 | Cost of growing media 24.5 24.5 24.5 24.5 24.5
2 | Cost of rooted cuttings of | 10.00 10.00 10.00 10.00 10.00
hydrangea
Cost of pots 80.00 80.00| 80.00 80.00 | 80.00
4 | Cost of nutrients and planf  5.00 5.00 5.00 5.00 5.00
protection
5 | Cost of labour/ 20.00 20.00 20.00 20.00 | 20.00
maintenance
6 | Cost of plant growth 0.00 0.53 1.06 2.13 0.85
regulators per pot
7 | Miscellaneous charges 20.0( 20.00 20.00 20.00 | 20.00
Total expenditure per pot| 159.50 160.03 160.56 160.63 160
* | Market price of potted 369.60 397.50 408.15 418.15 404
hydrangea
Net profit per pot 210.10 237.47 247.59 257.52 243
Benefit-Cost ratio 1.31:1 1.47:1 1.54:1 1.60:1] 1.52

35
15

80



Particulars Te T, Ts To T1o

1 Cost of growing 24.5 24.5 24.5 24.5 245
media

2 Cost of rooted 10.00 10.00 10.00 10.00 10.00
cuttings of hydrangea

3 Cost of pots 80.00 80.00 80.00 80.00 80.00

4 Cost of nutrients and| 5.00 5.00 5.00 5.00 5.00
plant protection

5 Cost of labour/ 20.00 20.00 20.00 20.00 20.00
maintenance

6 Cost of plant growth | 1.70 2.56 4.09 12.28 204
regulators per pot

7 Miscellaneous 20.00 20.00 20.00 20.00 20.00
charges
Total expenditure 161.20 162.06 163.59 171.79 179.9
per pot

* Market price of 413.80| 431.00 440.85 423.2( 405.6
potted hydrangea
Net profit per pot 252.60 268.94 277.26 251.42 225.7
Benefit-Cost ratio 1.55:1 1.65:1 1.69:1 1.46:1 1.25:1

. Total expenditure, Net Profit and Benefit-Cost Rato of Hydrangea macrophylla per
pot

UT

Treatments Total Market Net profit B:C
expenditure Price (Rs.) ratio
(Rs.) (Rs.)

1 | Control 159.50 369.60 210.10 1.31:1
2 | GAz-25ppm 160.03 397.50 237.47 1.47:1
3 | GAs-50ppm 160.56 408.15 247.59 1.54:1
4 | GAz-100ppm 160.63 418.15 257.52 1.60:1
5 | BA-50ppm 160.35 404.15 243.80 1.52:1
6 | BA-100ppm 161.20 413.80 252.60 1.55:1
7 | BA-150ppm 162.06 431.00 262.94 1.65:1
8 | 50ppm GA.7+ 50ppm BA 163.59 440.85 277.26 1.69:1
9 | 150ppm GA.7+ 150ppm BA 171.78 423.20 251.42 1.46:1
10 | 250ppm GA.7+ 250ppm BA 179.9 405.65 225.75 1.25:1




*The market price of the individual flowering poapt, was calculated treatment
wise, according to the pot presentability scorpais under different treatments. The price of
the pot was decided by the advisor’s guidance atidaemparing with the present market
value of single pink hydrangea pots.

Sale price per pot (Rs) = Presentability score x R$00.00
100
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