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Chapter-1 

 

INTRODUCTION 
  

 

Chrysanthemum (Dendranthema grandiflora Tzvelev.) is one of the most exquisite and 

possibly the oldest ornamental plant grown commercially all over the world. It belongs to the 

family Asteraceae (Jiangshuo et al 2019). It is native to Northern Hemisphere, primarily 

Europe and Asia (Anderson, 1987). In Hindi, it is commonly referred to as “Guldaudi”, while 

in English, it is called as “Queen of the East”. The Greek words ‘chrysos’ which meaning 

golden and ‘anthos’ meaning flower are the origin of the word ‘chrysanthemum’ (Gortzing 

and Gillow, 1964). It is one of the leading cut flowers in the international market and ranks 2
nd

 

position next to rose in global cut flower trade (NHB 2020).  

 

Chrysanthemum cultivation has a long history; it was first cultivated as herb in China 

during the 15
th

 century BC and was then successively carried to Japan, Europe, and the 

United States (Anderson, 1996). Although the origin of the modern chrysanthemum is 

unknown, it is believed that the plant evolved primarily as a result of long-term artificial 

selection of wild species such as C. indicum (2n = 18, 36), C. lavandulifolium (2n = 18), C. 

nankingense (2n = 18), C. vestitum (2n = 54), and C. zawadskii (2n = 54) (Yang et al 2007; 

Bhattacharjee and Chandra 2003; Liu et al., 2012; Jiangshuo et al 2019). The complex 

hexaploid cultivated chrysanthemum also displays aneuploidy, with chromosome number 

ranging from 47 to 67. Though, chromosome number 54 (2n = 6x = 54) is the most common 

and has steady conformation (Dowrick 1999; Roxas et al 1995). In addition to its ornamental 

and economic value, chrysanthemum holds special cultural importance. It has been 

acknowledged as one of the ‘four gentlemen among flowers’, together with plum blossom, 

orchid, and bamboo, in Chinese classic literature, and it is included in the heraldry of the 

Japanese Imperial Family as an emblem of courage (Jiangshuo et al 2019).  

 

In India, chrysanthemum is being utilized as an important crop for loose flower and cut 

flower production. It is commercially cultivated in the states of Karnataka, Tamil Nadu, 

Andhra Pradesh, Madhya Pradesh, West Bengal, Assam, Haryana and Himachal Pradesh. In 

India, area covered under chrysanthemum cultivation is around 23.93 (Thousand ha) with the 

loose flower production of 454.20 (Thousand Tonnes) and cut flower production of 15.96 

(Thousand Tonnes) (NHB, 2022). In Himachal Pradesh, total area of 0.11 (Thousand ha) is 
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under chrysanthemum cultivation with the loose flower production of 0.52 (Thousand Tonnes) 

and cut flower production of 3.90 (Thousand Tonnes) (NHB 2022). 

 

Chrysanthemum is commonly regarded as an autumn flower. However, by using 

simple lighting or black out system, day length (night length) can be altered and the flowering 

time precisely controlled. Photoperiodic control of the growth and flowering of 

chrysanthemum makes it feasible to cultivate this crop   all-year-round.   By   lengthening   a   

short   day through   additional lighting system or shortening a long one through shading/ 

blackout, one can keep the plants in the vegetative or the generative stage, and so delay or 

bring forward their flowering respectively (Machin and Scopes 1978). 

 

Based on the number of weeks necessary from the start of the short days at a 

temperature of 15.5° C for the night, chrysanthemums are grouped into response subgroups 

that take 6 to 16 weeks (the number of short days required for flowering) (Larson, 1980). The 

essential photoperiod for vegetative growth and reproductive activity is 13.5 hours. Early 

flowering cultivars are short day plants exhibiting facultative flower initiation, qualitative 

flower bud development, and a 6–8week response subgroups (Cockskull and Kofranek 1985). 

The initiation and growth of flower buds are necessary for short days in the late flowering 

group (>8 response group). 

  

Temperature also affects the growth and flowering of chrysanthemums. There are 

three classes of chrysanthemums and are separated based on how they respond to 

temperature. Thermo-zero cultivars are the ones that flower best between 10 and 27. At 

15.5°C, flowering moves forward quickly. It was suggested that this group would be the most 

likely to display perennial flowering. 

 

Second group is thermo-positive cultivars which include the cultivars that become 

incapable of flowering at temperatures below 15.5°C. Provided the temperature is properly 

managed, these varieties can be planted for year-round flower output. 

 

The third group is thermo-negative cultivar, where temperatures above 15.5°C hinder 

flowering in certain cultivars. Lower temperatures (10°C) may delay commencement but may 

not prevent it. These cultivars can only be grown when overnight temperatures can be kept 

under control at 15.5°C or slightly below. Heat culture should be avoided. Group includes the 

late season varieties which belong to 13-16-week response group. 
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From September to November, chrysanthemums bloom naturally in the Himachal 

Pradesh state's hilly areas. However, chrysanthemum can be made to flower at any time of the 

year by adjusting the elements necessary for flowering. Successful flowering of 

chrysanthemum throughout the year by using thick dark coloured tarpaulin, have been 

obtained under Nauni, Solan conditions of Himachal Pradesh in selected cultivars as shown 

by research of Sita Ram (1991), Pathak (2002), Usha (2010) and Sangma et al (2016). 

Farmers in mid hills of Himachal Pradesh are producing chrysanthemum blooms for off 

season using tarpaulin as a covering material to create artificially short days. The same 

technology is required to be standardized in lower hills of Himachal Pradesh, where need and 

demand of off-season production of chrysanthemum is very high as per mid hill farmers. 

 

Tarpaulin is an effective and most frequently used covering material and it excludes 

all the light from the plants but it has to be handled carefully as it tears very easily. Being 

heavy, several people are needed while covering and uncovering of the plants manually. 

Moreover, it is an expensive material, making it uneconomical in terms of production cost 

also. Therefore, cost-effective and light weight covering material is needed for large-scale 

production of chrysanthemum blooms outside of the growing season. Keeping this in view, 

the present investigation was undertaken to find out suitable covering material for off season 

flower production of chrysanthemum at RHR&TS, Dhaulakuan with the following 

objectives:-  

 

Objectives 

 

i)  To find out suitable covering material(s) for off-season flower production of 

chrysanthemum cultivar(s) for low hills of HP 

ii)   To find out suitable chrysanthemum cultivar(s) for off season flower production for 

low hills of HP 
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REVIEW OF LITERATURE  
  

 

The literature pertaining to, chrysanthemum and various covering materials used for 

its off-season flower production, has been reviewed in this chapter under three broad 

categories. 

 

A) Chrysanthemum-photoperiodic response and cultivation  

B) Off season flower production and covering materials  

C) Effect of temperature on growth and flowering of chrysanthemum. 

 

A)  Chrysanthemum-photoperiodic response and cultivation  

 

Chrysanthemum (Dendranthema grandiflora Tzvelev), a member of the Compositae 

family, typically undergoes flowering during the short day conditions of winter, characterized 

by long nights and short days. Normally, this plant is unable to initiate flower buds when 

exposed to day lengths of either 14 hours or longer, as reported by Post in 1931, or 13.5 hours 

or longer, as indicated by Cockshull in 1976. Cockshull and Kofranek reported in 1992 that 

garden chrysanthemums display early flowering tendencies in September and October when 

cultivated outdoors, and this early flowering is closely associated with short day conditions. 

These early-flowering chrysanthemums are generally classified as quantitative short-day 

plants, which means that both the initiation and development of flowers occur more rapidly 

under short day conditions compared to long days. However, a few varieties are either day-

neutral or exhibit near-day-neutral behavior, as identified by Kawata and Toyada in 1982, 

Langton in 1977, and Cockshull and Kofranek in 1992. It's important to note that the specific 

day length required to trigger rapid flower initiation varies among different chrysanthemum 

cultivars. Additionally, temperature and plant size interact with day length to determine the 

natural flowering season, as outlined by Langton in 1977. 

 

Allard (1928) discovered that when plants were exposed to only 10 hours of light, 

from 5:30 am to 3:30 pm, starting in May and then placed in a dark chamber for the 

remainder of the day, they began flowering on July 15th. In contrast, plants growing under 

natural conditions didn't flower until mid-October. In 2004, Lee and colleagues reported that 

the most favorable photoperiod for progressing to anthesis was 10 hours for both the 'Envy' 
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and 'Lady Time' cultivars. Plants subjected to a 10-hour photoperiod reached anthesis up to 7 

days earlier than those exposed to 8 or 12-hour photoperiods. Furthermore, overall plant 

growth, including factors like dry weight, stem length, and leaf area, increased as 

photoperiods extended from 10 to 16 hours. 

 

Light and temperature are two critical factors that significantly influence the growth 

and development of chrysanthemum plants. The number of leaves on these plants increases in 

response to elevated temperatures, both during the day and night. Notably, the increase in leaf 

number is more pronounced in response to higher daytime temperatures, as noted by Karlsson 

et al in 1989. Furthermore, when chrysanthemum plants experience higher temperatures 

during short days, they tend to develop more leaves below the flowering region, resulting in a 

delay in the initiation of morphological flower development. This observation aligns with 

findings from Karlsson et al. (1989), Cathey (1955), Cockshull (1979). 

 

Furthermore, the rate of leaf emergence in chrysanthemum plants exhibits a linear 

relationship with rising temperatures, as demonstrated by Karlsson et al. in their 1990 study. 

Their research findings indicated that for every 1°C increase in the average daily temperature, 

chrysanthemum leaf development would accelerate by approximately 0.017 leaves per °C per 

day. Temperature emerges as the pivotal factor governing the length of chrysanthemum 

shoots. Elevated daytime temperatures, whether accompanied by low or high nighttime 

temperatures, tend to produce taller plants, as observed by Karlsson in 1989 and Lepage et al. 

in 1984. Conversely, increased nighttime temperatures have the opposite effect, reducing 

stem length and leaf weight, as noted by Lepage et al. in 1984. Furthermore, internode length 

decreases with rising temperatures, as reported by Khattak et al in 1997. High night time 

temperatures have the additional impact of delaying flowering, generating abnormal flowers, 

and retarding stem growth, as documented by Cockshull and Kofranek in 1992 and 

Bonaminio and Larson in 1980. 

  

Temperatures can result in slower and erratic growth and development of plants 

temperatures have a delaying effect on both the initiation of flowering and the early 

formation of flower buds, as noted by Bonamino and Larson in 1980, Karlson and McIntyre 

in 1990, and Van Ruiten and Dejong in 1984. At a temperature of 10°C, both the initiation 

and progression of flower development experience delays, as indicated by Karlsson and Mc 

Intyre in 1990. 
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Adams and colleagues in their 1998 study also proposed that the reduced rate of 

development at lower temperatures results from a combination of delayed flower initiation 

and a slower pace of flower bud development. Additionally, it has been observed that lower 

nighttime temperatures can either hinder the formation of flower buds or postpone the 

flowering process. These lower temperatures also lead to a reduction in the number of leaves, 

stimulate basal resetting, shorten the internode length, and result in larger flower diameters. 

Furthermore, both a decrease in daytime and nighttime temperatures have been shown to 

diminish overall plant growth. However, it's worth noting that the impact of daytime 

temperature reduction is notably more pronounced than that of nighttime temperature 

reduction.  

 

The ideal temperature conditions for both the initiation and development of flowers in 

chrysanthemum have been documented in scientific literature. Specifically, these conditions 

have been reported as: 16°C according to Cathey in 1955, and a day temperature of 22°C 

combined with a night temperature of 18°C, as outlined by Bonaminio and Larson in 1980. 

Furthermore, the temperature range considered optimal for flowering in chrysanthemum falls 

between 18 and 21°C, as supported by research conducted by De Jong in 1978 and 1989, 

Karlsson and colleagues in 1989, Hiden and Larson 1994 as well as Adams and colleagues in 

1998. 

 

The process of flower bud initiation and development exhibited an accelerated pace 

when subjected to short day conditions, as documented by Cockshull and Kofranek in 1992 

and Langton in 1987. In contrast, for most chrysanthemum cultivars, the shoot apical 

meristem eventually triggers flower bud initiation under long day conditions, as illustrated by 

Cockshull in 1976 and Cockshull and Kofranek in 1985. Machin and Scopes inn 1978 

conducted a study to investigate the impact of light quality, light intensity, and photoperiod 

on the stem elongation of chrysanthemum. They observed that stem and internode elongation 

occurred to a greater extent in darkness compared to light, and the growth of chrysanthemum 

was enhanced in the absence of light. Notably, the influence of light quality on 

chrysanthemum growth was more pronounced than the effects of light intensity and 

photoperiod. Additionally, higher light levels were associated with increased plant fresh and 

dry mass, greater stem strength, a higher number of flowers, and longer stem length. 

Moreover, it was determined that a shorter photoperiod is required for flower bud 

development compared to flower bud initiation. Varieties categorized within longer response 
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groups necessitated a shorter photoperiod for both initiating flower buds and achieving the 

maximum rate of flower bud development. This finding aligns with the research of Cathey in 

1954 and Furuta in 1954.  

 

Nishio et al (1989) grew plants of chrysanthemum cultivars ‘Jem’ and ‘Dramatic’ 

under different photoperiods during different stages of development found that optimum 

day length for flower bud differentiation was 10 hours compared with 12 hours at optimum 

temperature (about 18°C) and for flower bud development it was 9 to 10 hours. However, 

photoperiod of 11 hours produced best quality cut flowers. They also reported that when the 

plants were subjected to a photoperiod longer than normal after appearance of flower color, 

flowering time was not affected, but elongation of lateral flowering shoots was promoted 

which resulted in improved plant shape. 

 

When examining the impact of planting dates and foliar GA3 spray on flowering and 

production of chrysanthemum, Deotale et al. (1994) discovered that planting chrysanthemum 

in late June is superior. When 150 ppm GA3 was sprayed, it was preferable for higher yields. 

However, when crop was planted in mid-July and sprayed with GA3 100 ppm, maximal 

flowering was achieved.  

 

In 1994, Deotale et al. also noted that planting on June 4 was superior for obtaining 

the highest average height and number of leaves, June 24 was superior for obtaining the 

average leaf area, and July 14 was superior for obtaining the average number of primary and 

secondary acorns.  

 

Meher et al. (1999) in their research on planting dates for chrysanthemums in Pune, 

Maharashtra, revealed that May planting is preferable to June and July plantings for a variety 

of growth metrics. Meher et al. stated that May planting again shown superiority for a 

number of blooming characteristics during 1999. 

 

Depending on the dates, Przymeska and Lisiecka (2001) compared the flowering and 

quality of 8 spray chrysanthemum cultivars. They claimed that the cultivar had the biggest 

impact on plant quality, followed by the year of culture and the planting date. 

 

An experiment was conducted by Uddin et al. (2015) to evaluate the growth and 

flowering performance of chrysanthemum cultivars. Thirty-two chrysanthemum cultivars 

coded from V1 to V32 were used in the experiment. Plant height, number of branches per 
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plant, leaf area, number of leaf per branch, chlorophyll content, days to flower bud initiation, 

days to first petal spread, days to final bloom, number of flower bud per plant, number of 

flowers per branch, number of flowers per plant, bud diameter at initiation stage, bud 

diameter at mature stage, flower head diameter, stalk length and flower durability in plant 

(days to 50% flower senescence) for different cultivars varied significantly. Number of 

flowers per plant ranged from 4.3 to 194.6, flower head diameters varied from 2.8 to 17.6 cm 

and stalk lengths were from 4.4 to 20.1 cm. Amongst the chrysanthemum cultivars V15 (BARI 

chrysanthenum1) was the maximum flower producing cultivar, while V1 produced the largest 

flowers and flowers from the V21 had the longest shelf-life. These variations might help in 

classifying chrysanthemum, for pot cultivation and cut flower, based on their flowering 

quality which will be beneficial for growers. 

 

B)  Off season flower production and covering materials  

 

Streck (2004) developmental models can help growers to decide management 

practices, and to predict flowering and harvest time. Currently, a double exponential function 

is proposed as a generalized temperature response function for chrysanthemum. This function 

is not the most appropriate because its parameters lack biological meaning. The objective of 

this study was to develop a nonlinear temperature response function of chrysanthemum 

development that has parameters with biological meaning. The proposed function is a beta 

function with three parameters, the cardinal temperatures (minimum, optimum, and 

maximum temperatures for development), which were defined as 0, 22, and 35°C. Published 

data of temperature response of development of three cultivars, which are independent data 

sets, were used to test the performance of the double exponential function and the beta 

function. Results showed that the beta function is better than the double exponential function 

to describe the temperature response of chrysanthemum development. 

 

Taweesak et al. (2014) conducted an experiment to study the influence of irrigation 

frequency on the growth and flowering of chrysanthemum grown under restricted root 

volume. Chrysanthemum cuttings (Chrysanthemum morifolium “Reagan White”) were grown 

in seedling tray which contained coconut peat in volumes of 73 and 140 cm
3
. Plants were 

irrigated with drip irrigation at irrigation frequencies of 4 (266 mL), 6 (400 mL), and 8 (533 

mL) times/day to observe their growth and flowering performances. There was interaction 

between irrigation frequency and substrate volume on plant height of chrysanthemum. Plants 

grown in 140 cm
3
 substrates and irrigated 6 times/day produced the tallest plant of 109.25 
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cm. Plants irrigated 6 and 8 times/day had significantly higher level of phosphorus content in 

their leaves than those plants irrigated 4 times/day. The total leaf area, number of internodes, 

leaf length, and leaf width of chrysanthemums grown in 140 cm
3
 substrate were significantly 

higher than those grown in 73 cm
3
 substrate. The numbers of flowers were affected by both 

irrigation frequencies and substrate volumes. Chrysanthemums irrigated 8 times/day had an 

average of 19.56 flowers while those irrigated 4 times/day had an average of 16.63 flowers. 

Increasing irrigation frequency can improve the growth and flowering of chrysanthemums in 

small substrate volumes. 

 

Post (1931) utilized black satin cloth to simulate artificial short day conditions, 

imposing darkness from 6 pm to 7 am (with a 4-hour darkening period equally distributed 

between the beginning and end of the day). This was done to expedite early bloom production 

in chrysanthemum. The study concluded that forced flowers, which bloomed ahead of the 

normal schedule, exhibited shorter stems compared to those under standard conditions. 

Additionally, pompons subjected to continuous cultivation under tobacco cloth and darkened 

with stock satin bloomed simultaneously with those in the greenhouse, displaying superior 

quality. Across all standard and spray varieties, stem length was consistently shorter than the 

control group. Furthermore, the darkening process not only increased the number of stems 

per plant but also led to a reduction in the number of flowers per stem. 

 

Poesch (1931) implemented full-covering white and black shades, applying them 

from 6 pm to 7 am. The investigation revealed that entirely white shades did not yield any 

significant advancements in early blooming. Both overhead black and overhead white shades 

failed to sufficiently reduce the duration of daylight to accelerate maturity. However, plots 

initially shaded with full-covering white shades, followed by subsequent application of full-

covering black shades, exhibited a noticeable advantage in flowering time compared to the 

control group. Notably, the complete black shading method proved to be the most effective 

approach for achieving earlier blooms than those occurring in the normal season. 

Additionally, Poesch observed that frames covered with lath, which reduced light intensity by 

60 to 75%, did not confer any beneficial effects on the timing of flowering. 

 

Larson (1980) reported that chrysanthemum plants, subjected to 16 hours of darkness 

per day starting eight weeks after planting, exhibited flowering occurring 5 to 7 days earlier 

than those exposed to 12 hours of darkness per day and 10 to 14 days earlier than those kept 

under continuous light conditions. Additionally, Gloeckner (1985) recommended that during 
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periods of the year when the natural dark period is insufficient for the formation of flower 

buds, it is advisable to employ black cloth coverings beginning at 7:00 pm and removing 

them at 7:00 am. 

 

Post (1932) conducted a thorough examination of the impact of various types of black 

cloth on chrysanthemum growth, including black satin, 68 x 104 (previously used and 

washed twice), unused black satin, 68 x 104, unused black satin, 68 x 88, and new black cloth 

with a plain weave of 68 x 72. The results revealed that all satin cloths demonstrated an equal 

effectiveness in promoting early blooms. However, plants treated with the plain weave black 

cloth did not exhibit as early or as uniform blooming as those treated with black satin. 

Furthermore, when comparing black satin of 68 x 104 with a black costume cloth of 54 x 54, 

on six different varieties, it was determined that the satin cloth was significantly more 

effective in inducing early blooms than the black costume cloth.  

 

Chrysanthemum blooming dates are primarily influenced by when suckers or cuttings 

first appear and when they quit. disbudding, according to Warup (1967). Clausen (1973) 

discovered that May planting, as opposed to June and July planting, resulted in the earliest 

blossoming in many chrysanthemum varieties. 

 

When examining the effects of planting timings on 10 varieties of chrysanthemum, 

Plomacher (1980) found that planting early (May, June) produced flowering stems and a 

spread for the early September market. The best time to buy, however, was said to be in mid-

June for the more lucrative late-September and October markets. 

 

Langton et al. (1981) compiled a comprehensive catalogue detailing the leaf numbers 

required for the long-day treatment in numerous chrysanthemum cultivars. This approach has 

proven to be valuable for chrysanthemum growers and cutting producers, enabling them to 

identify cultivars that exhibit a tendency toward premature bud formation. As a result, they 

can take specific precautions and provide special care during the propagation of cuttings for 

these cultivars. 

 

Jerzy (1981) highlights the potential for cost reduction in chrysanthemum production 

through the implementation of a direct short-day planting system for year-round cut flower 

chrysanthemums, which has been utilized in Poland since 1974. This system involves 

keeping vegetative plants separate for the entire long-day period, requiring only short-day 
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treatment in the flowering area. Depending on the cultivar, it allows for 4 to 5 crops per year. 

The study examined this planting system in the context of Polish climatic conditions and 

investigated the growth and flowering patterns of 9 to 11-week cultivars under varying light 

conditions throughout the year. The findings indicated that the shortest period of generative 

development and the highest flower quality were observed in plants grown during the spring 

and summer seasons. In contrast, the duration of generative development reached its peak 

between November 1 and February 15, during which time many cultivars lost their capacity 

for flowering. 

 

Chrysanthemums are grown commercially by digging the suckers that grow from the 

plants from the previous year. Plant to plant distances between 20 and 30 cm were set up and 

immediately on the ridges. There are two main planting seasons in Maharashtra. One is in 

March–April, while the other is in August. The planting season begins in Bangalore April to 

July (Kher, 1988). 

 

Griffith and McIntyre (1989) documented that the duration for flowering initiation 

following the commencement of short-day treatment exhibited variation among cultivars, as 

well as in relation to specific growing conditions. 'Coronet' cultivar displayed the shortest 

time to flower (55-60 days), followed by 'Twilight', 'Free Spirit', and 'Spot Light'. 

 

Nishio et al. (1989) conducted experiments with chrysanthemum cultivars 'Jem' and 

'Dramatic', subjecting them to varying photoperiods during distinct developmental stages. 

They determined that the optimal day length for flower bud differentiation was 10 hours, as 

opposed to 12 hours, under ideal temperature conditions (approximately 18°C). For flower 

bud development, the optimal photoperiod ranged from 9 to 10 hours. Nevertheless, an 11-

hour photoperiod yielded the highest quality cut flowers. Additionally, it was noted that if 

plants were exposed to a longer-than-normal photoperiod after flower coloration had begun, 

it did not impact the flowering time, but it did encourage the elongation of lateral flowering 

shoots, resulting in an enhanced plant structure. 

 

In the case of chrysanthemums, continuous flowering could be obtained when the 

appropriate cultivars are chosen for flowering succession; it is possible to grow plants 

without a control over the photoperiod, or natural season, from early October to early 

January. Rooted cuttings are planted in this instance. 7 week cultivars were introduced in 

mid-June, and 15 week cultivars were introduced in mid-August (Kofranek, 1992). 
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In 1989, Kher proposed a method for cultivating specific crop varieties, typically with 

a growth period of 9-12 weeks, between Dussehra and Republic Day in Lucknow's natural 

conditions. To achieve this, Kher recommended the utilization of either black satin cloth or 

opaque polythene sheets. These materials would be used to create long nights or induce short-

day conditions by completely blocking out light from 6 PM to 8 AM daily. 

 

Sita Ram and Sehgal (1993
a
) achieved year-round flowering in chrysanthemum by 

employing dark tarpaulin to create artificial short days, lasting for 16 hours each day from 5 

PM to 9 AM. They accomplished this by covering metallic frames shaped like mini tunnels 

with dark tarpaulin fabric. Their findings revealed that chrysanthemum plants exposed to 

these controlled photoperiods exhibited earlier flowering compared to those subjected to 

natural photoperiod conditions. 

 

Hiden and Larsen (1994) employed black satin cloth to cover plants from 5:00 PM to 

8:00 AM daily in a greenhouse setting, aiming to predict the development of chrysanthemum 

flowers. The results indicated that chrysanthemum plants exposed to temperatures between 

18-22°C exhibited earlier flowering compared to those subjected to other temperature 

treatments. Flower development was notably delayed at temperatures of 12°C and 27°C. 

Specifically, at 12°C, the stage of "visible flower bud formation" experienced the most 

pronounced delay, while at 27°C, the phase when flower buds started to separate exhibited 

the greatest delay. Interestingly, higher temperatures ranging from 24.6°C to 25.1°C also 

caused delays in flower development, although these delays could be mitigated with 

increased light intensity. Furthermore, the study observed that as light intensity decreased, the 

delay in flower bud development increased. Notably, lower light levels not only resulted in 

smaller flower buds but also extended the time required for both visible flower bud formation 

and anthesis. Additionally, this delay was found to intensify as the temperature increased. 

 

Cockshull and Kofranek (1994) employed black cloth for a duration of 14 hours each 

night, starting in July, to simulate artificial short days in the 'Polaris' and 'White Marble' 

varieties, maintaining a temperature of 32°C. Their findings revealed that temperatures 

exceeding 26°C were beyond the optimal range for flower bud initiation and development. 

Exposure to such high temperatures, whether during the day or night, led to alterations that 

postponed the onset of flowering. Importantly, these changes in the flower initiation process 

were irreversible. As a result, they emphasized the necessity of implementing measures to 

maintain temperatures below 26°C when covering crops during the summer. Their 
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recommendations included using permeable covering materials (as suggested by Furuta and 

Nelson in 1954), employing covers with reflective outer surfaces (in line with Cotton and 

Wolfe's research from 1971), ensuring that covers are placed over the crops as late as 

possible in the afternoon and removed early the following morning, once the required hours 

of darkness have been provided (as proposed by Cockshull in 1987), or alternatively, 

automatically removing the covers after nightfall and replacing them before dawn (as 

demonstrated by Pearson et al. in 1993). 

 

Datta et al. (1995) implemented artificially extended photoperiods of 14, 16, and 18 

hours, commencing at 0, 1, and 2 months post-planting, lasting either 15 or 30 days, on the 

Co.1 cultivar. A control group was maintained under natural daylight conditions. It was 

observed that there was a delay of approximately 69.66 days in the onset of flowering 

compared to the control group. Additionally, when the plants were subjected to a 16-hour day 

length, starting one month after planting for a duration of 15 days, an extended flowering 

period was documented.  

 

Benedetto and Porto (1996) conducted experiments within a commercial greenhouse 

involving cuttings of chrysanthemum cultivars 'Santini,' 'Shamrock,' and 'Seiko,' which were 

initially planted in November 1992. These cuttings were exposed to natural daylight for 30 

days and then, until the first signs of flower color, were covered with black polyethylene 

from 18:00 to 10:00 hours. During the growth period of 15 days, the plants were either 

subjected to the removal of apical buds, with planting densities of either 40 or 80 plants/m2, 

or they were grown without bud removal at a density of 80 plants/m
2
. The results indicated 

that not removing the buds led to higher accumulation of dry matter in leaves, stems, and 

flowers, as well as greater stem length compared to the bud removal treatment. Furthermore, 

an increase in plant density resulted in improved commercial flower quality, an increased 

number of flower stems per unit area, and had no effect on the duration of the cropping cycle.  

Khattak et al. (1997) conducted research on the impact of light quality and temperature on the 

growth and flowering of chrysanthemum cultivars 'Bright Golden Anne' and 'Snowdon'. Their 

findings indicated a notable influence of light quality and temperature on plant height. As 

temperature rose, internodal length decreased, and heightened levels of blue light 

considerably expedited the flowering process. 

 

In the study conducted by Stack (1998), black cloth was employed to induce short-day 

conditions in Dendranthema grandiflora, specifically within the cultivars 'Manatee Iceberg' 
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and 'Naples.' Under these short-day conditions, the plants exhibited reduced height and had 

less vegetative growth. 

 

Mc Mohan (1999) observed that proper floral primordial development only occurred 

under short photoperiods in the 'Bright Golden Anne' cultivar, when the experiment was 

conducted in April-May and repeated in May-June. 

 

Willits and Bailey (1994) utilized dense black fabric to investigate the impact of night 

temperatures on the flowering of potted chrysanthemum cultivars, specifically examining 

heat-tolerant varieties ('Iridon' and 'Dark Bronze Charm') and heat-sensitive ones ('Yellow 

Mandalay' and 'Coral Charm'). Their aim was to understand the phenomenon of heat-related 

delays in flowering, which can pose significant challenges in warm climates during the 

summer months. To induce short-day conditions, they employed thick black cotton cloths, 

covering the plants from 17:00 hours to 7:30 hours. Their findings indicated that the normal 

flower diameter exhibited a more pronounced response to nighttime temperatures in the heat-

sensitive cultivars compared to the heat-tolerant ones. Specifically, the normal flower 

diameter for the heat-sensitive cultivars was approximately 9% larger at 21°C compared to 

25°C, while the heat-tolerant cultivars showed only about a 4% increase in normal diameter 

within the same temperature range. 

 

Lee et al. (2001) noted that augmenting the duration of exposure to short days leads to 

a reduction in the ultimate leaf count and accelerates the onset of the floral phase, indicating 

an adaptable reaction to photoperiodic variations. 

 

Pathak (2002) conducted an evaluation of thirty different cultivars for year-round 

flower production. The cultivation process involved planting of these cultivars at two-month 

intervals starting from April 26
th

. Successful flowering was achieved consistently under 

controlled photoperiod conditions in April, December, and February for all 30 cultivars. 

However, only 14 cultivars managed to flower in August, and merely 7 cultivars in October 

when subjected to controlled photoperiod conditions. To simulate artificial short days, semi-

circular tunnel-shaped metallic frames measuring 3 x 1.5 x 1.65 meters were used, entirely 

covered with thick, dark-colored tarpaulin. This shading method was employed until 

approximately 60-70% of the flower buds on the plants displayed color. In terms of plant 

characteristics, such as height, spread, flower size, and flower numbers, better results were 

observed under natural photoperiod conditions compared to controlled photoperiod when 
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planting took place in April, December, and February. The time it took for the first flower to 

open, the peak flowering period, and the total duration from planting to peak flowering 

varied, with controlled photoperiod consistently yielding earlier results than natural 

photoperiod. Overall, controlled photoperiod application was found to be more effective for 

promoting flowering in all plantings compared to natural conditions. Flowers tended to 

appear significantly earlier under controlled photoperiod conditions than under natural 

photoperiod conditions. 

 

Velmurugal and Vadivel (2003) employed black cloth during the summer season to 

enhance the production of uniform and visually appealing flowers. They employed various 

shading techniques, including a control group and shades of 12 hours, 13 hours, 14 hours, and 

15 hours of shade. Among these different short day treatments, the greatest number of 

flowers per plant and the highest flower yield per plant were consistently observed under the 

14-hour shading condition in February, April, and June. Their research revealed that the 

increase in chlorophyll content played a significant role in augmenting flower yield across all 

months of flower production, 

 

Jerzy (2003) noted that interrupting the short day period led to improved flower shape 

and quality, although it resulted in delayed flowering. The longest delay (21-26 days) 

occurred during the summer in a plastic tunnel.  

 

When evaluating chrysanthemum cultivars for year-round production, Pathak (2002) 

found that planting in June produced the highest-quality blooms with the longest stems, better 

blossom size, and the longest flowering period. Nevertheless, in normal photoperiodic 

conditions. Early blossoming resulted from planting in August and October, but the quantity 

of flowers, side shoots, flower size, and plant height were observed. 

 

According to Bres and Jery (2004), planting dates between October and January were 

deemed unsuitable for the initiation of controlled cultivation of chrysanthemum cultivars for 

pots. 

 

According to Grawal et al (2004), planting chrysanthemum cv. "Flirt" in July 

performed better than planting it in August in the conditions of Punjab in terms of the 

quantity of blooms and stem length. On the other hand, late planting, i.e., 16 August, gave the 

flower with expanded diameter and maximum fresh and dry weight of flower. The earliest 
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planting, i.e., 18 February, took more time to commence flowers with prolonged blooming 

duration, greater number of flower and extended vase life. 

 

In a study by Lee et al. (2004), the impact of photoperiod on the floral development of 

Chrysanthemum cultivars 'Envy' and 'Lady Time' was investigated. It was observed that a 10-

hour photoperiod was the most conducive for progressing towards anthesis. Additionally, 

overall plant growth, including parameters such as dry weight, stem length, and leaf area, 

exhibited an increase with extended photoperiods ranging from 10 to 16 hours. 

 

Janakiram et al. (2004) subjected chrysanthemum cv to short days by using black 

polythene sheets. In order to examine the influence of photoperiod on the production of 

chrysanthemum cv. "Ravikiran" under low cost polyhouse from September 2003 to February 

2004, "Ravikiran" was planted in the fifth week of the growing season and dark period 

treatments (i.e. 7 hours, 9 hours, 11 hours, 10 hours, and 11 hours) were provided. Among all 

of the treatments, 10 hours of darkness and 14 hours of light reported maximum plant height 

(77.73 cm), total number of flowers (37.58), flower diameter (3.81 cm), stem girth at bottom 

(0.62 cm), leaf area (102.30 cm
2
), earliest flower initiation (124.67 days), and earliness to 

50% flowering (137.33 days). The growth parameters, yield and quality of flowers were 

better in 10 hours dark and 14 hours light; the treatment of 11 hours dark and 13 hours 

light was found to be at par with the best treatment except in 50% flowering, they concluded 

that, this delay, can be used to catch off- season markets. 

 

Anjum et al. (2007) conducted an experiment involving the planting of small and 

large-sized chrysanthemum suckers, with a height difference of at least 5 cm, on four distinct 

planting dates: February 18
th

, April 18
th

, June 17
th

 and August 16
th

. The results demonstrated 

that small-sized suckers led to an extended blooming period and a higher flower count per 

plant. The earliest planting (February 18
th

) exhibited a prolonged initiation of flowers, 

resulting in an extended blooming period, a greater number of flowers, and an extended vase-

life. Conversely, the late planting (August 16
th

) yielded flowers with an increased diameter 

and the highest fresh and dry weights per flower. 

  

 Usha (2010) used tarpaulin to induce artificially short days from 5 p.m. to 9 a.m. 

while examining 26 chrysanthemum cultivars for off-season flower production. They 

discovered that all 26 cultivars were suitable for off-season flower production. The adoption 

of controlled photoperiod was found to be superior to natural photoperiod for flowering in all 
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plantings, and flowering occurred more rapidly under controlled photoperiod (165.83 days) 

with greater plant quality than natural photoperiod (240.51 days). Under a regulated 

photoperiod, flower bud production, bud opening, and maximum flowering occurred 

significantly earlier. In contrast to natural photoperiodic conditions, regulated photoperiod 

increased flowering length. In contrast to regulated photoperiod, however, natural 

photoperiod stimulated plant height and spread. 

 

Black-polythene sheets were used by Nxumalo and Wahome (2010) to assess the 

impact of short-day treatments on the growth, flowering, and cut flower quality of 

chrysanthemums and to identify the most effective time of day for the application of the short 

day treatment. A randomized complete block design (RCBD) has been employed for setting 

up the experiment. There were four distinct treatments: providing the short day by covering 

the plants with a black polythene sheet from 5:00 AM to 7:00 AM, 11:00 AM to 2:00 PM, 

4:00 PM to sunset, and control (no covering). Chrysanthemums were significantly impacted 

by short days in terms of growth and flowering. Uncovered (control) plants experienced the 

highest vegetative growth in terms of height of the plant, number of leaves, and leaf area. The 

number of cut flower stems obtained from chrysanthemums that were covered at 5.00-9.00 

AM was more than double that obtained from control plants. It is recommended that 

chrysanthemum grown under similar environmental conditions be provided with short-day 

from 5.00 pm to 9.00 am to induce higher yield and quality of cut flowers. 

 

Basoli et al. (2016) conducted their research at the experimental farm of the 

Department of Floriculture and Landscape Architecture, Dr. YS Parmar University of 

Horticulture and Forestry, Nauni, Solan. The study focused on four commercially cultivated 

spray varieties of chrysanthemum: 'Surf', 'Nanako', 'Ajay', and 'White Bouquet'. These 

cultivars were planted on nine different dates, spaced 15 days apart, ranging from April 9 to 

August 7. Significant variations were observed among the spray cultivars in terms of both 

vegetative and floral characteristics. Although successful flowering was achieved in all 

planting dates for the spray type chrysanthemum cultivars, later plantings resulted in shorter 

cut stems. Among the spray types, it is recommended to plant 'Surf' before July 8, 'Nanako' 

and 'White Bouquet' before June 8, and 'Ajay' before July in order to produce marketable cut 

stems. By adjusting the planting dates, flowering of these cultivars under Solan-Nauni 

conditions can be regulated from September 10 to November 1, spanning a period of 52 days.  
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Sangma et al. (2016) conducted a study focusing on the influence of covering 

materials on off-season cut flower production of chrysanthemum (Dendranthema grandiflora 

Tzvelev) at the experimental farm of the Department of Floriculture and Landscape 

Architecture, Dr Yashwant Singh Parmar University of Horticulture and Forestry in Nauni, 

Solan, Himachal Pradesh, during the year 2011. The experiment took place within a naturally 

ventilated polyhouse and involved the utilization of three types of covering materials: 

tarpaulin, high density polyethylene (HDPE), and black satin cloth. Four cultivars were 

selected from both standard (Purnima, Yellow Star, Tata Century, and White Star) and spray 

(Ajay, Birbal, Nanako, and White Bouquet) varieties. The results indicated that HDPE proved 

to be the most favorable alternative covering material in comparison to tarpaulin. Plants 

grown under HDPE exhibited optimal characteristics such as plant height (83.33 cm), plant 

spread (40.54 cm), the highest number of cut stems (4.21), duration of flowering (33.54 

days), earliest flower bud formation (91.07 days), and earliest flowering. Notably, under 

controlled photoperiodic conditions, flowering occurred earlier compared to natural 

photoperiod conditions. Furthermore, peak flowering was observed at the earliest (140.36 

days) in plants under HDPE cover, while plants under natural photoperiodic conditions took a 

maximum of 176.19 days to reach peak flowering. Under controlled photoperiodic conditions 

with HDPE, the tested varieties were categorized into different response groups. It was 

determined that all the varieties examined were suitable for off-season flower production. 

 

Basoli et al. (2016) conducted their research at the experimental farm located in the 

Department of Floriculture and Landscape Architecture, Dr. YS Parmar University of 

Horticulture and Forestry, Nauni, Solan, Himachal Pradesh, during the year 2008. The study 

focused on four commonly grown commercial chrysanthemum cultivars. These cultivars 

were planted on various dates with a 15-day interval between each planting, spanning from 

April 9 to August 7. Significant variations were observed among the cultivars concerning 

both their vegetative and floral characteristics. While all standard cultivars included in the 

study successfully flowered regardless of the planting date, later plantings resulted in shorter 

cut stems. Consequently, the optimal planting date for achieving marketable cut stems was 

found to vary depending on the cultivar, occurring on June 8 for Purnima, May 24 for White 

Star and Tata Century, and July 23 for Yellow Star among standard types. By strategically 

selecting planting dates, flowering could be regulated to occur between September 21 and 

November 25. 
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Dhiman et al. (2018) conducted a study in Solan to identify appropriate 

chrysanthemum cultivars for pot mum production under natural and controlled photoperiodic 

conditions. The experiment included 15 cultivars/selections of chrysanthemum arranged in a 

completely randomized design (factorial) with three replications. Off-season flowering was 

induced by applying artificial short days (16 hours of darkness from 5:00 pm to 9:00 am) 

starting from May 31, 2013, using high-density polyethylene covering material (white outside 

and black inside), until 60–70% of buds exhibited color. Among the various 

cultivars/selections examined, Pusa Anmol, Vijay, Vijay Kiran, and Anmol demonstrated 

suitability for pot mum production in both conditions. These cultivars exhibited desirable 

characteristics, including early flowering, optimal height, larger flower size, prolonged 

flowering duration, and compact growth, particularly under controlled photoperiodic 

conditions. Consequently, Pusa Anmol, Vijay, Vijay Kiran, and Anmol are recommended for 

pot mum production in the lower hills of Himachal Pradesh. 

 

Dhiman 2018, conducted a study to investigate the impact of various blackout 

materials on the off-season potted chrysanthemum (Dendranthema grandiflora Tzevelev) 

production. The research was conducted at the experimental farm of the Department of 

Floriculture and Landscape Architecture, Dr Y S Parmar University of Horticulture and 

Forestry, Nauni, Solan, Himachal Pradesh, during the year 2011. The study encompassed 10 

selections/cultivars of chrysanthemum. Off-season flowering was induced by implementing 

artificial short days, entailing a 16-hour dark period commencing from 5.00 pm to 9.00 am, 

starting on June 9, 2011, and continuing until 60-70% of flower buds displayed color. Three 

different materials were employed to provide artificial short days: tarpaulin, high-density 

polyethylene with white on the outside and black on the inside, and black satin cloth. The 

findings unveiled that among the various covering materials, HDPE resulted in the shortest 

duration for visible flower bud formation in the cultivar 'UHFSChr -43' (60.67 days) and the 

largest flower diameter in 'UHFSChr -68' (4.22 cm). However, black satin cloth recorded the 

tallest plant height in the 'Ajay' cultivar (70.00 cm), along with the highest number of flowers 

per pot and per plant in 'UHFSChr -64' (367.30 and 123.00 respectively). In this experiment, 

all selections/cultivars subjected to off-season potted chrysanthemum production under 

different blackout materials achieved successful flowering. Among the various blackout 

materials used, HDPE demonstrated superior performance for the specific conditions of 

Solan-Nauni in Himachal Pradesh. 
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The research conducted by Sultanpuri et al. (2018) centered on the newly developed 

chrysanthemum selection 'UHFSChr-56.' These chrysanthemum plants were cultivated in 

pots filled with a mixture of sand, soil, and FYM (1:1:1 v/v). The pots were arranged with 

one, two, or three cuttings per pot, and they were spaced at varying distances of 9, 12, and 15 

inches. The findings from the study demonstrated that 'UHFSChr-56' chrysanthemum 

selection can be successfully grown as potted mums under both natural and controlled 

photoperiodic conditions. The stage of visible bud formation occurred earlier in pots 

containing one plant per pot, spaced 9 inches apart, and grown under controlled 

photoperiodic conditions (94.02 days). In contrast, the visible bud formation stage took the 

longest time to reach when one plant per pot was spaced at 12 inches apart (158.50 days) 

under natural photoperiodic conditions. Among the 18 treatment combinations tested, eight 

treatments stood out. These included scenarios with one, two, or three plants per pot grown at 

a pot spacing of 9 inches under controlled photoperiodic conditions. Additionally, one plant 

at 9 inches pot spacing, one plant at 12 inches pot spacing, and two plants at 12 inches and 15 

inches pot spacing, all under natural photoperiodic conditions, resulted in the production of 

the most visually appealing square-shaped plants in six-inch plastic pots. 

 

C)  Effect of temperature on growth and flowering of chrysanthemum. 

 

Carvalho et al (2005) studied the sensitivity to temperature of the number of flowers 

per plant including flower buds, flower size, position and color in cut chrysanthemum 

(Chrysanthemum morifolium cv. ‘Reagan Improved’). Plants were grown either in a 

glasshouse at constant 24 h mean temperatures throughout cultivation (17°C or 21°C), or in 

growth chambers at 32 different temperature combinations (from 15°C to 24°C). The latter 

temperature combinations were applied by dividing the cultivation period into three 

sequential phases: long-day period (phase I), start of short-day period to visible terminal 

flower bud (phase II), and end of phase II to harvest stage (phase III). All flower 

characteristics were affected significantly by temperature, except for flower position within 

the plant. Higher temperatures increased NFPP, mainly by increasing the number of flower 

buds, but decreased individual flower size. The temperature effect was also dependent on the 

phase of the cultivation period. In general, flower characteristics were less sensitive to 

temperature applied during the long-day period. NFPP was affected positively by 

temperature, mainly during phase III, whereas individual flower size increased with 

temperature during phase II, but decreased with temperature during phase III. Lower 
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temperatures during phase III significantly enhanced flower colour intensity. Interest in using 

a more dynamic heating strategy is discussed. 

  

 Nakano et al (2020) concluded that Heat-induced flowering delay of Chrysanthemum 

morifolium is a major problem affecting the production of cut flowers in Japan. 

Understanding the delay mechanism is indispensable to achieve stable production. Heat 

sensitivity has been shown to fluctuate throughout the day, as if it is regulated by a circadian 

clock. This paper studied the involvement of a circadian clock and photoperiod in the 

fluctuation of heat sensitivity throughout the day by applying pulses of heat at different times 

to Chrysanthemum morifolium under different regimens of light and dark. One experiment 

examined the elevation of heat sensitivity under different photoperiods in order to determine 

whether the transition from light to dark or vice versa serves as a signal for a clock-like 

regulation of heat sensitivity. Maximum heat sensitivity was frequently observed at a 

constant interval after light-off, but not after light-on, identifying the transition to darkness as 

the signal that initiates the elevation mechanism. Results of the three experiments suggest that 

the daily elevation in heat sensitivity is potentially controlled by an internal clock that is reset 

by a transition from light to dark. A subsequent transition to light appears to eliminate 

elevated sensitivity. From this, we conclude that heat sensitivity is maximized toward the end 

of the night, irrespective of photoperiod, in chrysanthemums 

 

The effects of day temperature (DT), night temperature (NT) and photosynthetic 

photon flux (PPF), on rate of development and flower size were studied in chrysanthemum 

(Dendranthema grandiflora Tzvelev. cultivar 'Bright Golden Anne') by Karlsson et al ( 

1989). DT and NT ranged from 10 to 30°C and PPF from 1.8 to 21.6 mol day
/
m

2
. Flower 

initiation did not occur after 100 short days (SD) at low PPF levels (1.8 mol day
/
m

2
) in 

combination with high DT or NT (30°C). The number of days to flower varied from 58 to 

140 days among plants grown under environmental conditions allowing flower initiation 

within 100 SD. The time to flower from start of SD decreased nonlinearly as PPF increased. 

Increasing PPF by 9.9 mol day/m
2
 at 20°C accelerated flowering 20 days when the initial 

PPF was 1.8 mol day
1
 m

2
, but only 10 days when the initial PPF was 11.7 mol day

1
 m

2
. The 

DT and NT for most rapid flower development were estimated from a model predicting time 

to flower. Independent of PPF in the range from 2 to 20 mol day
1
 m

2
, the optimum DT was 

17°C and the optimum NT was 18°C. Total flower area per plant varied from 14 to 310 cm/
2
. 

The flower size increased linearly as PPF increased from 1.8 to 21.6 mol day
1
 m

2 
at a 
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constant temperature of 20°C. The optimum DT/NT combination for largest flower size 

changed from 21/14 ° to 20/18 °C as PPF increased from 5 to 20 mol day
1
 m

2 

 

Delayed flowering of chrysanthemum under high temperature conditions is a serious 

obstacle for all year round cut chrysanthemum flower production in southern temperate and 

subtropical zones. Nozaki and Fukai (2008) carried out a study to clarify the causes of 

flowering delay in spray chrysanthemum, two different genotypes of spray chrysanthemum 

(Dendranthema grandiflorum (Ramat.) Kitam were grown under high-temperature 

conditions: summer-to-autumn flowering type (SA type, high temperature tolerant) and 

autumn flowering type (A type, high temperature sensitive). Their flower-bud initiation and 

development were subsequently compared. Results clarify that two independent events 

caused by high temperatures occur in the shoot apex of spray chrysanthemum under short-

day conditions. First, high temperatures slowed fl oral development in inflorescence, thereby 

increasing the number of florets in both SA and A chrysanthemum genotypes. Secondly, high 

temperatures slowed the developmental speed of inflorescence after the budding stage, and 

the time to reach the bud break stage was prolonged, thereby delaying flowering, especially 

in A chrysanthemum genotypes. 

 

Adams et al (1998) studied the relationships between temperature and time to 

inflorescence initiation and subsequent development in chrysanthemum cv. “Snowdon” 

(Chrysanthemum morifolium Ramat.) were investigated. From pinching, flowering occurred 

most rapidly in plants grown at a mean temperature of 20.48℃, whilst those grown at 

10.98℃ had the lowest leaf number at flowering. The final leaf number, from the pinch to the 

inflorescence, increased with increasing temperature above 10.98℃. This could be attributed 

to a marked sigmoidal increase in the rate of leaf initiation with temperature, not delayed 

initiation. Above 20℃ temperature had little effect on the time of floral initiation (plants 

initiating after 8±9 days), although temperatures below this led to a considerable delay in 

floral initiation (20.5 days at 9.6℃). Once initiated the inflorescences developed most rapidly 

at 20.28℃, however, unlike the process of flower initiation, subsequent flower development 

was delayed by both warmer and cooler temperature regimes.  

 

According to Vince (1955), it was found that flowering in the chrysanthemum 

(Schwabe, 1950). A three-week period at 5-7°C. was effective in stimulating flowering. The 

varieties of Chrysanthemum morifolium Ramat. were "Sunbeam", " Godofrey's Gem", 
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"Cossack" and" Blanche de Poitevine ", and in the absence of vernalization the flowering of 

each was delayed and the leaf number increased. In the variety "Sunbeam" there was a 

difference in leaf number of 86·1 between vernalized plants (28·6 leaves) and non-vernalized 

plants (114.7 leaves) grown in short days. When grown at high temperatures and with short 

days, all of these varieties exhibited a diageotropic habit of growth, except " Cossack", which 

produced short, abnormally thick stems. Another species, C. rubellum Sealy, behaved in the 

same manner as C. morifolium. No commercial mid-season or late-flowering decorative 

varieties of C. morifolium were included, and the response of one such variety was 

investigated in the experiments described here. 

 

Hand et al (1996) in their study, four discrete and continuous humidity treatments 

(0.1, 0.4, 0.7 and 1.1 kPa vapour pressure deficit) were applied to plants of three 

chrysanthemum cultivars (Snowdon, Pink Gin and Snapper) growing in day light, controlled 

environment cabinets in autumn and spring experiments to determine effects on growth and 

flowering. There was some reduction in total leaf area and leaf dry weight in the highest 

humidity treatment but, overall, effects on stem and leaf growth were slight. Effects of high 

humidity on flowering were more marked, with estimated maximum delays of 4-5 d in flower 

development and reductions in flower dry weight at harvest. Visual appearance was not 

impaired in any of the treatments. It was concluded that the chrysanthemum is relatively 

insensitive to humidity within the range tested and that it is unlikely that this environmental 

variable is of major consequence in commercial growing during the winter period. 

 

Whealy et al (1987) pinched the plants of Chrysanthemum morifolium Ramat. 

‘Orange Bowl’ and ‘Surf’ grown in a chamber maintained 0at 22° day/18°C night were 

transferred to 30° day/26° nights at the beginning of week 1, 3, 5, or 7 after start of photo 

induction period (15-hr nyctoperiod). Plants remained at high temperatures for 2, 4, 6, 8, or 

10 weeks and then were returned to the 22°/18° chamber. Exposure to high temperatures 

during the first 4 weeks of short days increased the number of nodes, leaf area, stem length, 

and dry weight of leaves and stems. Rate of floret initiation and perianth differentiation 

decreased when exposed to high temperatures during the first 4 weeks of short days in 

‘Orange Bowl’ but not in ‘Surf’. ‘Orange Bowl’ exposed to high temperatures for 10 weeks 

from the start of short days flowered 12 days later than plants grown at lower temperatures 

and formed bracteate buds. Flowering of ‘Orange Bowl’ grown at 22/18°C during the first 4 

weeks of short days, then transferred to high temperatures, was not substantially delayed and 
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flowers developed normally. Flowering was delayed 3 days when ‘Surf’ was exposed to high 

temperatures for 8 weeks from the start of short days. Exposure to high temperatures did not 

cause bracteate bud formation in ‘Surf’. With both cultivars, increasing the duration of high 

temperature exposure increased the time to flowering. 
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MATERIALS AND METHODS  
  

 

The present investigations on “Effect of covering materials on off- season flower 

production of chrysanthemum (Dendranthema ×××× grandiflora Tzvelev.) cultivars under 

low hills of HP” was carried out at the Experimental Farm of the RHR&TS Dhaulakuan, 

Sirmour under Dr. Yashwant Singh Parmar University of Horticulture and Forestry, Nauni, 

Solan, Himachal Pradesh, during 2022 and 2023. 

 

EXPERIMENTAL SITE 
 

The experimental farm is located at an elevation of 438m above mean sea level at 

latitude 30◦30’20” North and longitude 77◦20’30” East. The area falls under the low hill zone 

of Himachal Pradesh. The climate of the area in general is sub-tropical characterized by hot 

summer with heavy rains and relatively cool winter. The meteorological data pertaining to the 

period of investigation are presented in Appendix-I. 

 

3.1 PLANT MATERIAL 
 

The studies were conducted on eight chrysanthemum cultivars viz ‘White Star’ 

,‘Yellow Star’, ‘Purnima’ and ‘Snowball’ belongs to standard group, ‘Surf’, ‘Well Spring 

White’, ‘Apricot Parasol’ and ‘Yellow Button’, belong to spray group. For the experiment, 

plants were raised through shoot tip cuttings. 

 

3.2 PROPAGATION 
 

 Cuttings of 8–10 cm long shoot tips were taken from healthy disease free mother 

plants in the early morning. These were dipped in a solution of Dithane M-45 (0.2 %) and 

Bavistin (0.1 %) for 30 minutes. Each cutting's basal leaves were taken off, and a sharp 

incision was made directly below the node. The cut end was then dipped in a  solution of 

NAA (500 ppm) following quick dip method prior to planting. Cuttings were rooted in beds 

of damp sand and cocopeat (1:2) in the propagation room. Just after planting, tbeds were 

irrigated thoroughly. Optimum moisture was maintained in the propagation chamber by 

overhead misters/manually spraying the cuttings twice a day. The cuttings took 25-30 days to 

develop sufficient roots. For hardening, rooted cuttings were moved to a shade net house. 

After 8-10 days in the hardening chamber they were transplanted in the experimental field. 
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3.3 CULTIVATION PRACTICES 

 

3.3.1 BED PREPARATION AND APPLICATION OF FERTILIZERS 

 

With a motorized tiller, the soil was turned over and brought to a fine tilth. At the time 

of  ploughing, well-rotted farmyard manure was mixed with the soil, at the rate of 5kg/m
2
. For 

the planting of rooted cuttings, 1.5 m wide beds were made. At the time of bed preparation 

half dose of nitrogen (15g/m
2
) and full dose of phosphorous and potassium (30g/m

2
 each) 

was applied to the soil. Once beds are ready, metallic semicircular frames/ tunnels were 

positioned over the beds. Remaining half dose of nitrogen was applied after one month of 

planting. Along with basal application of N P K, plants were fertilized with a water soluble 

fertilizer having N P K in the ratio of 19:19:19 (1g/l). The application of this solution was 

done as drench at the rate of 200 ml per plant after pinching and continued till the time of 

flowering. 

 

3.3.2 PLANTING 
 

 For normal season, planting under low hills is done in Aug- Sept as a common 

practice. However, in the present study, for off season flower production rooted cuttings of 

the selected cultivars for the study were planted in 1
st
 week of February in both the years 

2022 and 2023. The healthy cuttings were carefully removed from the propagation chamber. 

The planting was done on raised beds at a spacing of 30 x 20 cm. The plants were irrigated 

immediately after the planting. Planting was done late in the evening hours.    

 

3.3.3 IRRIGATION AND OTHER INTERCULTURAL OPERATIONS 
 

 Irrigation was done manually in the experiment. Irrigation was given twice daily for 

the first three weeks of planting  till the plants were established, thereafter irrigation was 

provided on alternate days or when required. Hoeing and weeding was done regularly to keep 

the soil porous, and free from weeds as and when required. The plants were pinched about 25 

days after planting, by removing the apical growing portion leaving 6-10 leaves (depending 

upon the cultivar) below the pinch. 

 

Disbudding was done at the stage when the plants started to form flower buds. In case 

of standard cultivars, leaving the apex or terminal flower bud all the axillary type of  buds 

were removed and in case of spray cultivars the central apex bud was removed. Staking was 

done as needed for both the standard and spray varieties. Application of fungicides and 

insecticides was done as and when required. Fertigation was continued as described above. 
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3.3.4  INSECT-PEST AND DISEASE CONTROL 

 

The crop was raised under naturally ventilated polyhouse and insect pests and diseases 

control measures were followed as and when needed. Among pests, appearance of aphids and 

whiteflies was noticed and controlled by spraying Thiamethoxam @ 1.5ml/l of water. Yellow 

sticky traps were installed to control the population of whiteflies. No severe disease incidence 

was noticed during the experiment. 

 

PHOTOPERIOD 

 

 For induction of off season flowering, short days were provided to the crop. The 

experiment was carried out using three different kinds of covering materials, and also under 

natural photoperiodic conditions where plants were not covered. 

 

3.4.1 CONTROLLED PHOTOPERIOD 

 

 The plants were given controlled photoperiodic treatments by subjecting them to  

artificial short days beginning when the plants have attained sufficient vegetative growth and  

the side branches had grown to one foot height  after pinching. Artificial short days were 

provided using three different types of covering materials viz., tarpaulin, HPDE (one side 

black and other side silvery) and black satin cloth. To provide artificial short day semi-

circular metallic tunnel frames (3x1.5x1.5m) completely covered with covering material were 

placed over the plants for 16 hours regularly from 5:00 pm till 9:00 am every day.  The short 

days was continued till 60-75% flower buds on a plant showed color (Plate 1). 

 

3.5 EXPERIMENTAL DETAILS 

 

A. Number of cultivars = 8 (eight) 

 

1)  Purnima 

2) Yellow Star 

3) White Star 

4) Snowball 

5)  Surf 

6) Well Spring White 

7) Apricot Parasol 

8) Yellow Button 
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B. Treatments = 4 (four) 

 

1) HDPE       

2) Tarpaulin 

3)  Black Satin Cloth 

4)  Natural Photoperiod (control) 

                                                                        

C.  Total treatment combinations : 8x4= 32  

D.  Number of replication :  Three 

E.  Number of plants per replication:  Five 

F.  Design of experiment :  Completely randomized design (Factorial)  

 

3.6 OBSERVATIONS RECORDED: 

 

1. Plant height (cm): Plant height was taken from the base of the plant till the tip of 

apical flower of the tallest shoot at the time of peak flowering or when 50-60% flower 

buds were fully opened. 

2. Plant spread (cm): Plant spread was also recorded at the time of peak flowering as 

the average of distance between the outermost side shoot in East to West direction and 

the distance between the outermost side shoot in North to South direction. 

3. Number of shoots per plant: Number of side shoots were counted at the time of peak 

flowering. 

4. Chlorophyll content (mg/g): Chlorophyll content was estimated by  

spectrophotometry of samples prepared by 80% acetone extraction. 

5. Days taken for colored bud formation: Days were counted from the date of planting 

till the stage when first colored flower bud became visible on the plants 

6. Days taken to flowering: The number of days were counted from the date of planting 

to the stage when first flower became full bloomed.  

7. Number of short days required for flower bud formation: The days were counted 

from the start of short days to the appearance of flower buds on plants. 

8. Flower size (cm): Flower size was recorded at the time of peak flowering as average 

of the distance between apices of petals in East to West direction and distance 

between apices of petals in North to South direction. 

9. Number of flowers/cut stems per plant: Number of flowers/cut stems  were counted 

at the time of harvesting.  



Plate 1. Use of different covering materials on off season flower production of chrysanthemumPlate 1. Use of different covering materials on off season flower production of chrysanthemum
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10. Flower weight/plant and cut stem weight (g): Single cut stem was observed on 

weighing balance in grams and total number of flowers per plant were weighed in 

spray cultivars, 

11. Vase life/shelf life (days): Number of days were counted from the time the cut 

flowers  were kept in test tubes containing distilled water till they were presentable. 

Shelf life of loose flowers was counted by placing loose flowers at room temperature 

till they were fresh. 

12. Flower abnormalities, disease and insect- pest etc., if any: Abnormal, malformed 

flower buds and flowers as well as the insect pest and diseases infesting the plants 

during the course of investigation were observed. 

13. B:C Ratio: It was calculated on the sum total of cost of cultivation taken from the 

final earnings after selling of crop after harvest. 

 

3.7 Statistical Analysis 

 

 The observations recorded on various growth and flowering parameters were 

subjected to analysis of variance (ANOVA) using Factorial CRD (Gomez and Gomez, 1984) 

and Tukey Test. Statistical analysis was done by using SPSS 22.0 & OPSTAT 

 



Chapter-4 

 

RESULTS AND DISCUSSION 
  

 

The results of the experiment entitled “Effect of covering materials on off season 

flower production of chrysanthemum (Dendranthema x grandiflora Tzvelev.) cultivars 

under low hills of HP” carried out during the years 2022 and 2023 have been presented in 

this chapter. 

 

Vegetative Parameters: 

 

4.1  Plant Height (cm)  
 

Data presented in Tables 4.1a and 4.1b shows the effect of different covering 

materials on plant height of different chrysanthemum cultivars in both the years of study i.e 

2022 and 2023, respectively. Maximum plant height was observed in cv. White Star C1 

(89.33 cm and 91.87 cm) in the years 2022 and 2023, respectively. In contrast, minimum 

plant height was displayed by Well Spring White C7 (31.82 cm and 32.66 cm) in the years 

2022 and 2023, respectively. 

 

Different covering materials have shown a significant difference in plant height in the 

year 2022. Data in Table 4.1 a depicts maximum plant height under natural photoperiod i.e 

M4 (57.64 cm). Minimum plant height, on the other hand was displayed by plants under M1 

HDPE (54.75 cm). It was found to be at par with M2 (Tarpaulin) i.e 54.77 cm. Non-

significant results were obtained during second year (Table 4.1b). 

 

Interaction data shows that maximum plant height was obtained when plants of cv. 

White Star were grown under natural photoperiod i.e C1M4 in both the years (92.37 cm and 

92.39 cm respectively). In contrast, minimum plant height was shown by cv. Well Spring 

White grown under HDPE (28.76 cm) in the year 2022, it was found to be at par with cv. 

Well Spring White grown under Tarpaulin i.e C7M2 (29.55 cm) and Black Satin Cloth i.e 

(33.83 cm). 

 

However, in the year 2023, minimum plant height was noted in C7 M2 (30.89cm) i.e 

Well Spring White grown under tarpaulin. Similar results were obtained in C7 M1 (31.25cm) 
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and C7 M3 (31.93cm) i.e Well Spring White grown under HDPE and Black Satin cloth 

respectively. 

 

Table 4.1c shows the pooled data for plant height. It is evident from the data that 

maximum plant height (90.60cm) was exhibited by C1 i.e. White Star. Minimum height, on 

the other hand was observed in cv. Well Spring White (32.24 cm). Among covering 

materials, maximum plant height was noted in natural photoperiod (58.60cm), which was 

found to be at par with plants grown under Black Satin Cloth (57.50 cm). Minimum plant 

height, on the other hand was noted in plants grown under HDPE i.e 56.47cm.   

 

Interaction between covering materials and cultivars shows that maximum plant 

height was observed in C1 M4 i.e plants of cv. White Star grown under natural photoperiod 

(92.38 cm). It was however found to be at par with White Star grown under all the covering 

materials C1 M1 (89.91cm), C1M2  (89.71cm) and C1M3 (90.41cm). Minimum plant height was 

however exhibited by C1 M1 i.e plants of cv. Well Spring White grown under HDPE 

(30.01cm). Similar results were however displayed by same cv. Well spring White grown 

under all covering materials i.e 30.22 cm under Tarpaulin and 32.88cm under Black Satin 

Cloth. 

 

Variation in plant height among cultivars is attributed to the to the genotypic variation 

among them. 

 

The variation in plant height among different cultivars of chrysanthemum is evident 

and could be attributed to different genetic constituents of genotypes under study. Covering 

materials have significantly affected plant height over natural photoperiod conditions. Lower 

plant height was noticed under controlled conditions in comparison to open conditions. Plant 

grown under open conditions received sunlight for longer duration per day and number of 

days as well. Longer exposure to sunlight has resulted in production of longer plant height 

over controlled conditions. Our findings are in close conformity with earlier findings of 

Sangma et al (2016), Sita Ram and Sehgal (1993) and Usha (2010). Where covering materials 

could induce less plant height because of less exposure to light under them. Among the 

covering materials, plant grown under black satin cloth produced longer plants which could 

be attributed to the stuff of covering material which is not 100% opaque to light and hence 

allowing longer exposure to the sunlight. Plants grown under HDPE were the shortest. The 
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effectiveness of HDPE to cut the light inside the covering seems to be the reason for allowing 

limited vegetative growth. 

 

Table 4.1a:  Effect of covering materials on plant height (cm) of chrysanthemum 

cultivars in the year 2022 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 

OPEN 

( M4) 
Mean 

C1 : White Star 88.63 86.81 89.53 92.37 89.33 

C2 : Yellow Star  65.06 64.84 76.11 71.90 69.48 

C3 : Purnima 61.98 62.48 64.82 65.86 63.78 

C4 : Snow Ball 60.33 59.54 54.31 56.71 57.72 

C5 : Surf  42.01 43.77 48.56 43.99 44.58 

C6 : Apricot Parasol  42.22 42.49 41.74 43.52 42.49 

C7 : Well Spring White 28.76 29.55 33.83 35.13 31.82 

C8 : Yellow Button 49.05 48.68 42.80 51.64 48.04 

Mean  54.75 54.77 56.46 57.64 
 

C.D.0.05 for      

Cultivars = 2.69    

Covering materials = 1.90    

Cultivars ×××× Covering materials = 5.39    

 

Table 4.1.b:  Effect of covering materials on plant height (cm) of chrysanthemum 

cultivars in the year 2023 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 

OPEN 

( M4) 
Mean 

C1 : White Star 91.19 92.60 91.29 92.39 91.87 

C2 : Yellow Star  70.44 76.53 72.93 74.81 73.68 

C3 : Purnima 66.64 65.34 67.50 65.39 66.22 

C4 : Snow Ball 72.37 72.93 71.95 70.45 71.92 

C5 : Surf  40.50 40.76 36.77 39.75 39.44 

C6 : Apricot Parasol  42.30 44.24 45.17 45.90 44.40 

C7 : Well Spring White 31.25 30.89 31.93 36.58 32.66 

C8 : Yellow Button 50.68 50.29 50.67 51.12 50.69 

Mean  58.17 59.20 58.53 59.55  

C.D.0.05 for      

Cultivars = 1.54    

Covering materials = NS    

Cultivars ×××× Covering materials = 3.08    
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Table 4.1c:  Effect of covering materials on plant height (cm) of chrysanthemum 

cultivars (pooled) 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 

OPEN 

( M4) 
Mean 

C1 : White Star 89.91 89.71 90.41 92.38 90.60 

C2 : Yellow Star  67.75 70.68 74.53 73.36 71.58 

C3 : Purnima 64.31 63.91 66.16 65.63 65.00 

C4 : Snow Ball 66.35 66.24 63.13 63.58 64.82 

C5 : Surf  41.26 42.27 42.67 41.87 42.02 

C6 : Apricot Parasol  42.26 43.37 43.46 44.71 43.45 

C7 : Well Spring White 30.01 30.22 32.88 35.86 32.24 

C8 : Yellow Button 49.87 49.49 46.74 51.38 49.37 

Mean  56.47 56.99 57.50 58.60  

C.D.0.05 for      

Cultivars = 1.63    

Covering materials = 1.15    

Cultivars ×××× Covering materials = 3.27    

 

4.2.  Plant Spread (cm):  

 

Data presented in Tables 4.2a and 4.2 b shows that plant spread varied significantly 

among the cultivars in both the years i.e 2022 and 2023. 

 

It is evident that maximum plant spread was observed in cv. Purnima C3 (49.12cm 

and 50.79cm) in the years 2022 and 2023, respectively. In contrast, least plant spread was 

displayed by cv. C7 Well Spring White (29.43 cm and 27.71 cm) in the years 2022 and 2023, 

respectively. 

 

Different covering materials did not induce significant results on plant spread in the 

year 2022. However, during 2023 (Table 4.2 b) maximum plant spread was recorded under 

natural photoperiod (38.26 cm). It was however found to be at par with M1 i.e plants grown 

under HDPE (37.33 cm). Minimum plant spread was however noted in plants under tarpaulin 

(36.94 cm) which was at par with black satin cloth i.e 36.96 cm. 
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The interaction between cultivars and covering materials showed significant effect on 

plant spread in both years of study. During the year 2022 (Table 4.2b), maximum plant 

spread was noted in C3 M2 i.e Purnima grown under tarpaulin (51.56cm). It was found to be 

at par with C3M3 (51.27cm) i.e Purnima under black satin cloth and C3M4 (48.02cm) i.e 

Yellow Button under Black satin cloth. 

 

During the year 2023 cv. Purnima grown under natural photoperiod exhibited 

maximum plant spread i.e 52.68cm, which was found to be at par with C3M1 (51.06 cm) i.e 

Purnima under HDPE and C8M1 (51.33 cm) i.e Yellow Button under HDPE. Whereas 

minimum plant spread was observed in C7M2 (27.01cm) i.e Well Spring White grown under 

tarpaulin which was found to be at par with Well Spring White grown under all covering 

conditions i.e C7M1 (27.71 cm), C7M3 (27.29 cm) and C7M4 (28.85 cm) and C5M1 i.e cv. Surf 

grown under HDPE (27.91 cm). 

 

Table 4.2c depicts the pooled data for plant spread. Among cultivars, maximum 

spread was attained by Purnima (49.96 cm). In contrast minimum spread was noted by C7 i.e 

Well Spring White (28.57 cm). Covering materials does not show any significant results on 

plant spread. 

 

Interaction data shows that maximum plant spread was noted in C3M2 i.e Purnima 

grown under tarpaulin 50.68 cm. It was, however found to be at par with Purnima grown 

under all covering materails i.e C3M1 (48.35 cm), C3M3 (50.44 cm) and C3M4 (50.35 cm). 

  

 Minimum plant spread was, however noted in C7M3 i.e Well Spring White grown 

under balck satin cloth (27.82 cm). It was, however found to be at par with Well Spring 

White grown under all covering materials i.e C7M1 (28.54 cm) C7M2 and C7M4 (29.45 cm). 

 

The genotypic difference among the cultivars are reflected in the plant spread also. 

Plants exposed to short day conditions received less light for vegetative growth. The results 

are in conformity with findings of Sangma (2016) and Yang et al (2007). Least plant spread 

obtained in plants grown under HDPE could be attributed to the less light hours received 

which did not allow even a single ray of light to enter the tunnel, once blackout started. 
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Table 4.2a:  Effect of covering materials on plant spread (cm) of chrysanthemum 

cultivars in the year 2022 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 

OPEN 

( M4) 
Mean 

C1 : White Star 36.31 36.96 36.15 36.26 36.42 

C2 : Yellow Star  36.77 38.45 38.13 36.58 37.48 

C3 : Purnima 45.65 51.56 51.27 48.02 49.12 

C4 : Snow Ball 33.50 34.01 37.74 36.34 35.40 

C5 : Surf  35.97 33.07 29.89 37.11 34.01 

C6 : Apricot Parasol  36.30 37.24 37.45 33.52 36.13 

C7 : Well Spring White 29.37 29.93 28.35 30.06 29.43 

C8 : Yellow Button 44.88 46.83 50.48 42.51 46.17 

Mean  37.34 38.51 38.68 37.55 
 

C.D.0.05 for      

Cultivars = 1.97    

Covering materials = NS    

Cultivars ×××× Covering materials = 3.95    

 

Table 4.2b:  Effect of covering materials on plant spread (cm) of chrysanthemum 

cultivars in the year 2023 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 

OPEN 

( M4) 
Mean 

C1 : White Star 36.18 37.89 37.27 36.21 36.89 

C2 : Yellow Star  34.85 34.83 34.57 37.41 35.42 

C3 : Purnima 51.06 49.79 49.62 52.68 50.79 

C4 : Snow Ball 33.17 32.49 34.55 34.19 33.60 

C5 : Surf  27.91 29.74 29.26 33.21 30.03 

C6 : Apricot Parasol  36.42 36.42 35.38 38.50 36.68 

C7 : Well Spring White 27.71 27.01 27.29 28.85 27.71 

C8 : Yellow Button 51.33 47.37 47.75 45.01 47.87 

Mean  37.33 36.94 36.96 38.26 
 

C.D.0.05 for      

Cultivars = 1.29    

Covering materials = 0.91    

Cultivars ×××× Covering materials = 2.58    
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Table 4.2c:  Effect of covering materials on plant spread (cm) of chrysanthemum 

cultivars (pooled) 

 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 

OPEN 

( M4) 
Mean 

C1 : White Star 36.24 37.42 36.71 36.23 36.65 

C2 : Yellow Star  35.81 36.64 36.35 37.00 36.45 

C3 : Purnima 48.35 50.68 50.44 50.35 49.96 

C4 : Snow Ball 33.33 33.25 36.15 35.27 34.50 

C5 : Surf  31.94 31.41 29.58 35.16 32.02 

C6 : Apricot Parasol  36.36 36.83 36.41 36.01 36.40 

C7 : Well Spring White 28.54 28.47 27.82 29.45 28.57 

C8 : Yellow Button 48.10 47.10 49.12 43.76 47.02 

Mean  37.34 37.73 37.82 37.90 
 

C.D.0.05 for      

Cultivars = 1.18    

Covering materials = NS    

Cultivars ×××× Covering materials = 2.36    

 

4.3.  Number of side shoots per plant:  
 

Data presented in Table 4.3a and 4.3b shows that number of side shoots per plant 

varied significantly among the cultivars in both the years i.e. 2022 and 2023. 

 

It is evident that maximum number of side shoots per plant was observed in cv. Surf 

C5(4.62) and 4.44 in cv Well Spring White in the years 2022 and 2023, respectively. In 

contrast, least number of side shoots per plant were observed in cv. C1 White Star and C4 

Snow Ball (3.10 and 3.57) in the year 2022 and 2023, respectively. 

 

A non-significant variation was observed in number of side shoots per plant due to 

different covering materials in both the years of study.  

 

Interaction data in year 2022 reveals that maximum number of side shoots per plant 

was achieved, when plants of cv. Surf were grown in Tarpaulin i.e C5M2 (4.93). It was at par 

with C8 M3 and C8 M4 i.e. (4.80 and 4.60), respectively. In contrast, minimum number of side 

shoots per plant was observed in C1 M2 i.e White Star grown under tarpaulin (2.87). On the 
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other hand, during the second year i.e. 2023 the interaction effects of cultivars under covering 

materials were found to be non-significant. 

 

A wide variation in number of side shoots per plant was noticed among cultivars in 

pooled data also (Table 4.3 c). Maximum number of side shoots per plant was noted in cv. 

Surf i.e 4.43, whereas minimum number of side shoots per plant i.e 3.41 was observed in cv. 

White Star and Purnima. 

 

Covering materials as well as the interaction effects between cultivars and covering 

materials did not show any significant effect on number of side shoots in the pooled analysis  

 

From the findings of the study it was noted that maximum number of side shoots per 

plants were observed in natural photoperiod followed by black satin cloth which was not total 

opaque in nature, such results are found to be similar with the earlier findings of Post (1931), 

Usha (2010). Whereas minimum number of side shoots were observed in HDPE and 

Tarpaulin due to their complete opaque nature offering less photoperiod for vegetative 

growth. These findings are in conformity with Post (1931), Usha (2010) and Sangma (2016) 

where vegetative growth of chrysanthemum was less under covering materials in comparison 

to natural photoperiod. 

 

Table 4.3a:  Effect of covering materials on number of side shoots of chrysanthemum 

cultivars in the year 2022 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 

OPEN 

( M4) 
Mean 

C1 : White Star 3.33 2.87 3.13 3.07 3.10 

C2 : Yellow Star  3.60 3.13 3.07 2.93 3.18 

C3 : Purnima 3.27 3.07 3.07 3.20 3.15 

C4 : Snow Ball 3.93 3.93 3.53 3.20 3.65 

C5 : Surf  4.73 4.93 4.07 4.73 4.62 

C6 : Apricot Parasol  3.20 3.00 4.27 4.20 3.67 

C7 : Well Spring White 3.13 3.33 4.07 4.13 3.67 

C8 : Yellow Button 3.60 3.67 4.80 4.60 4.17 

Mean  3.60 3.49 3.75 3.76 
 

C.D.0.05 for      

Cultivars = 0.67    

Covering materials = NS    

Cultivars ×××× Covering materials = 1.34    
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Table 4.3b:  Effect of covering materials on number of side shoots of chrysanthemum 

cultivars in the year 2023 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 

OPEN 

( M4) 
Mean 

C1 : White Star 3.80 3.80 3.67 3.60 3.72 

C2 : Yellow Star  4.13 3.80 3.73 3.80 3.87 

C3 : Purnima 4.00 3.60 3.47 3.60 3.67 

C4 : Snow Ball 3.13 3.27 3.47 4.40 3.57 

C5 : Surf  3.27 4.27 4.60 4.80 4.24 

C6 : Apricot Parasol  3.47 3.27 4.87 4.67 4.07 

C7 : Well Spring White 4.47 3.53 4.90 4.87 4.44 

C8 : Yellow Button 3.87 4.40 4.47 4.80 4.39 

Mean  3.77 3.74 4.15 4.32 
 

C.D.0.05 for      

Cultivars = 0.55    

Covering materials = NS    

Cultivars ×××× Covering materials = NS    

 

Table 4.3c:  Effect of covering materials on number of side shoots of chrysanthemum 

cultivars (pooled) 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 

OPEN 

( M4) 
Mean 

C1 : White Star 3.57 3.34 3.40 3.34 3.41 

C2 : Yellow Star  3.87 3.47 3.40 3.37 3.53 

C3 : Purnima 3.64 3.34 3.27 3.40 3.41 

C4 : Snow Ball 3.53 3.60 3.50 3.80 3.61 

C5 : Surf  4.00 4.60 4.34 4.77 4.43 

C6 : Apricot Parasol  3.34 3.14 4.57 4.44 3.87 

C7 : Well Spring White 3.80 3.43 4.49 4.50 4.06 

C8 : Yellow Button 3.74 4.04 4.64 4.70 4.28 

Mean  3.69 3.62 3.95 4.04 
 

C.D.0.05 for      

Cultivars = 0.64    

Covering materials = NS    

Cultivars ×××× Covering materials = NS    
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4.4.  Chlorophyll content (mg/g):  
 

Data presented in Table 4.4 a and 4.4 b shows that Chlorophyll content of leaves 

varied significantly among the cultivars in both the years i.e. 2022 and 2023. 

 

It is evident that maximum Chlorophyll content was observed in cv. Apricot Parasol 

C6 (1.44 mg/g and 1.51mg/g) in the years 2022 and 2023, respectively. In contrast, least 

Chlorophyll content was observed in cv. C1 White Star (0.56 mg/g and 0.60 mg/g) in the 

years 2022 and 2023, respectively. 

 

A non-significant variation was observed in Chlorophyll content due to different 

covering materials also.  

 

Interaction data Table 4.4a reveals that maximum Chlorophyll content per plant was 

achieved, when plants of cv. Apricot Parasol were grown under Natural photoperiod i.e C6M4 

(1.58). In contrast, minimum Chlorophyll content was observed in C1 M3 i.e White Star 

grown under Black Satin Cloth (0.52) in year 2022. 

 

On the other hand, during the second year 2023 maximum Chlorophyll content was 

displayed by cv. Apricot Parasol grown under Black Satin Cloth and open (C6 M3) and C6M4 

i.e 1.58. Whereas Minimum Chlorophyll content was noted in C1 M1 and C1 M2 i.e 0.58. 

 

A wide variation in Chlorophyll content was noticed among cultivars in pooled data 

also (Table 4.4 c). Maximum Chlorophyll content was noted in cv. Apricot Parasol i.e 1.47, 

whereas minimum i.e 0.58 was observed in cv. White Star. 

 

Covering materials have shown non-significant effects on Chlorophyll content.  

Interaction data showed non-significant results. However, plants of cv. Apricot Parasol grown 

under Natural Photoperiod displayed maximum Chlorophyll content i.e 1.58 (C6/M
4
). In 

contrast minimum Chlorophyll content per plant i.e 0.57 was observed in cv. White star 

under black Satin Cloth (C1 M3). 

 

 

Chlorophyll content varied from cultivars to cultivars and it was also non-significant 

among the different covering materials, it could be due to genetic variability of different 

cultivars of chrysanthemum. Findings of this study are very similar to the study of Uddin et al  

(2015). 
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Table 4.4a: Effect of covering materials on Chlorophyll content (mg/g) of 

chrysanthemum cultivars in year 2022 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 

OPEN 

( M4) 
Mean 

C1 : White Star 0.58 0.58 0.52 0.55 0.56 

C2 : Yellow Star  0.73 0.73 0.79 0.69 0.74 

C3 : Purnima 1.14 1.14 1.17 1.12 1.14 

C4 : Snow Ball 0.71 0.71 0.72 0.68 0.70 

C5 : Surf  1.11 1.11 0.98 1.07 1.07 

C6 : Apricot Parasol  1.43 1.45 1.31 1.58 1.44 

C7 : Well Spring White 1.33 1.33 1.28 1.29 1.31 

C8 : Yellow Button 0.83 0.83 0.89 0.70 0.81 

Mean  0.98 0.98 0.96 0.96 
 

C.D.0.05 for      

Cultivars = 0.12    

Covering materials = NS    

Cultivars ×××× Covering materials = NS    

 

Table 4.4b: Effect of covering materials on Chlorophyll content (mg/g) of 

chrysanthemum cultivars in 2023 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 

OPEN 

( M4) 
Mean 

C1 : White Star 0.58 0.58 0.62 0.63 0.60 

C2 : Yellow Star  0.73 0.73 0.67 0.67 0.70 

C3 : Purnima 1.15 1.13 1.13 1.08 1.13 

C4 : Snow Ball 0.71 0.71 0.69 0.69 0.70 

C5 : Surf  1.13 1.11 1.24 1.25 1.18 

C6 : Apricot Parasol  1.44 1.43 1.58 1.58 1.51 

C7 : Well Spring White 1.33 1.33 1.40 1.35 1.35 

C8 : Yellow Button 0.84 0.83 0.77 0.79 0.81 

Mean  0.98 0.98 0.96 0.96 
 

C.D.0.05 for      

Cultivars = 0.13    

Covering materials = NS    

Cultivars ×××× Covering materials = NS    
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Table 4.4c: Effect of covering materials on Chlorophyll content (mg/g) of 

chrysanthemum cultivars (pooled) 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 

OPEN 

( M4) 
Mean 

C1 : White Star 0.58 0.58 0.57 0.59 0.58 

C2 : Yellow Star  0.73 0.73 0.73 0.68 0.72 

C3 : Purnima 1.15 1.13 1.15 1.10 1.13 

C4 : Snow Ball 0.71 0.71 0.71 0.68 0.70 

C5 : Surf  1.12 1.11 1.11 1.16 1.13 

C6 : Apricot Parasol  1.44 1.44 1.44 1.58 1.47 

C7 : Well Spring White 1.33 1.33 1.34 1.32 1.33 

C8 : Yellow Button 0.84 0.83 0.83 0.75 0.81 

Mean  0.99 0.98 0.99 0.98  

C.D.0.05 for      

Cultivars = 0.08    

Covering materials = NS    

Cultivars ×××× Covering materials = NS    

 

Flowering parameters: 

 

Two cultivars namely Snowball and Yellow Button among the eight selected cultivars 

have not responded to any of the covering materials and did not flower and due to extreme 

metrological conditions (Appendix I) of the area i.e. extreme temperature and heavy rainfall 

during the period from July to September. Further none of the cultivars flowered in natural 

photoperiod that was long days throughout the growing season. So the data for these two 

cultivars and for all these cvs under natural photoperiod was not taken for further analyses. 

 

As available data under different photoperiod produces significant results under for 

CD 0.05, there if the missing values would have been be included in the analysis the shape of 

experiment would have become imbalanced. So, statistically the treatments having value 7 

SD both zero has been excluded in the analysis. Since SPSS software can handle Missing 

Value Model 3, hence following parameters have been analysed accordingly, this study is 

supported by many of the earlier research work conducted in similar metrological conditions 

(Streck 2004, Taweesak 2014, Carvalho et al.2005, Nakanoet al. 2020 Karlsson et al. 1989, 

Nozaki and Fukai 2008, Adams et al.1998, Vince 1955, Hand, et al. 1996, Turan et al. 2015, 

Whealy et al. 1987. 
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4.5:  Number of short days required for coloured bud formation: 

 

Data presented in Table 4.5 a and 4.5 b shows that number of short days required for 

coloured bud formation varied significantly among the cultivars in both the years i.e. 2022 

and 2023. 

 

It is evident from the data that minimum number of short days were required for 

coloured bud formation in cv. Surf C4 in both the years i.e. 39.16 days and 38.49days, 

respectively. In contrast, maximum number of short days required for coloured bud formation 

was observed in cv. Apricot Parasol in both the years 2022 and 2023 i.e. 64.60 days and 

64.33 days which was found to be at par with cv. Well Spring White in both the years i.e. 

62.82 days and 62.90 days.  

 

Significant results were seen w.r.t. covering materials in both the years i.e. 2022 and 

2023.It was observed that minimum number of short days were required for coloured bud 

formation when plants were grown under HDPE M1 (50.20 and 48.62 days). In contrast, 

whereas maximum number of short days required for coloured bud formation was shown by 

plants grown under black satin cloth (M3) i.e. (59.86 and 59.73 days) in both the years, 

respectively. Further, it was observed that no coloured bud formation was observed in cvs 

Purnima, Apricot Parasol and Well Spring White grown under black satin cloth and did not 

flower. 

 

Interaction data of 2022 and 2023 also revealed that minimum number of short days 

required for coloured bud formation was achieved, when plants of cv. Surf were grown under 

HDPE i.e. C4M1 (30.80 and 29.47 days). In contrast, maximum number of short days required 

for coloured bud formation was observed in C5M2 i.e. Apricot Parasol grown under Tarpaulin 

in both the years i.e. (66.87 days and 67.47 days). It was found to be at par with C2M3 cv. 

Yellow Star grown under black satin cloth (66.67 days and 66.27 days) in both the years of 

study.  
 

Table 4.5c depicts the pooled data of number of short days required for coloured bud 

formation. Among the cultivars, minimum number of short days required for coloured bud 

formation was noted in cv. Surf C4 i.e 38.82 days. On the other hand, maximum number of 

short days required for coloured bud formation was observed in cv. Apricot Parasol i.e (64.46 

days) which was found to be at par with cv. Well Spring White i.e. 62.86 days. 
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Covering materials also significantly affected number of short days required for 

coloured bud formation. Minimum number of short days required for coloured bud formation 

was observed under HDPE i.e. (49.41 days), whereas maximum number of short days 

required for coloured bud formation was found in plants grown under black satin cloth i.e. 

59.80 days. Simultaneously it was noted that black satin cloth could not induce flower bud 

formation in cvs Purnima, Apricot Parasol and Well Spring White.  
 

Interaction data reveals that C4M1 i.e plants of cv. Surf grown under HDPE displayed 

earliest coloured bud formation i.e. (30.13days). In contrast, maximum number of short days 

required for coloured bud formation i.e. 67.17 days was observed in cv. C5M3 Apricot Parasol 

under black Satin cloth it was found to be at par with cv. Yellow Star (66.47) grown under 

black satin cloth i.e. C2 M3. 
 

 

Number of short days required for colored bud formation was found to be minimum in 

plants where artificial short day treatments was provided under HDPE and Tarpaulin and it 

was seen to be late or no flowering response was attained where cultivars were grown under 

black satin cloth. The efficiency and superiority of covering materials HDPE and Tarpaulin 

is clear from the results. Black satin cloth on the hand had allowed light rays to pass through 

it and was not effective in producing true blackout conditions resulting in poor or no flower 

at all in some of the cultivars. Our studies find a support from earlier work done by Sita Ram 

(1991), Sangma (2015), Usha (2010), Velmurugan and Vadivel (2003), Sita Ram and Shegal 

(1993
a
), Pathak (2002), Cockshull and Kofranek (1992).  

 

Table 4.5a. Effect of covering materials on number of short days required for coloured 

bud formation in chrysanthemum cultivars in the year 2022 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 40.87 45.47 61.87 49.40 

C2 : Yellow Star  46.33 48.93 66.67 53.98 

C3 : Purnima 60.27 64.87 - 62.57 

C4 : Surf  30.80 35.60 51.07 39.16 

C5 : Apricot Parasol  62.33 66.87 - 64.60 

C6 : Well Spring White 60.60 65.05 - 62.82 

Mean  50.20 54.46 59.86  

Cultivars  (CD) Cultivars (CD) Covering material (CD) 

WS x YS 0.60 YS x WSW 0.67 HDPE x TP 0.43 

WS x PU 0.67 PU x SU 0.67 HDPE X BSC 0.52 

WS x S 0.60 PU x AP 1.80 TP x BSC 0.52 

WS x AP 0.67 PU x WSW 1.80 INTERACTION 1.28 

WS x WSW 0.67 SU x AP 0.67   

YS x PU 0.67 SU x WSW 0.67    

YS x SU 0.60 AP x WSW 1.80    

YS x AP 0.67      
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Table 4.5b.  Effect of covering materials on number of short days required for coloured 

bud formation in chrysanthemum cultivars in the year 2023 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 38.60 45.33 62.07 48.67 

C2 : Yellow Star  44.20 48.53 66.27 53.00 

C3 : Purnima 58.13 63.80 - 60.97 

C4 : Surf  29.47 35.13 50.87 38.49 

C5 : Apricot Parasol  61.20 67.47 - 64.33 

C6 : Well Spring White 60.13 65.67 - 62.90 

Mean  48.62 54.32 59.73  

Cultivars  (CD) Cultivars (CD) Covering material (CD) 

WS x YS 0.88 YS x WSW 0.98 HDPE x TP 0.62 

WS x PU 0.98 PU x SU 0.07 HDPE X BSC 0.76 

WS x S 0.88 PU x AP 0.43 TP x BSC 0.76 

WS x AP 0.98 PU x WSW 0.43 INTERACTION 1.52 

WS x WSW 0.98 SU x AP 0.98   

YS x PU 0.98 SU x WSW 0.98    

YS x SU 0.88 AP x WSW 0.43    

YS x AP 0.98      

 

Table 4.5c. Effect of covering materials on number of short days required for coloured 

bud formation in chrysanthemum cultivars (pooled) 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 39.73 45.40 61.97 49.03 

C2 : Yellow Star  45.27 48.73 66.47 53.49 

C3 : Purnima 59.20 64.33 - 61.77 

C4 : Surf  30.13 35.37 50.97 38.82 

C5 : Apricot Parasol  61.77 67.17 - 64.46 

C6 : Well Spring White 60.37 65.36 - 62.86 

Mean  49.41 54.39 59.80  

Cultivars  (CD) Cultivars (CD) Covering material (CD) 

WS x YS 0.66 YS x WSW 0.73 HDPE x TP 0.46 

WS x PU 0.73 PU x SU 0.73 HDPE X BSC 0.57 

WS x S 0.66 PU x AP 1.76 TP x BSC 0.57 

WS x AP 0.73 PU x WSW 1.76 INTERACTION 1.52 

WS x WSW 0.73 SU x AP 0.73   

YS x PU 0.73 SU x WSW 0.73    

YS x SU 0.66 AP x WSW 1.76    

YS x AP 0.73      

 

4.6:  Days taken to coloured flower bud formation: 

 

Data presented in Table 4.6 a and 4.6 b shows that days taken to visible colour flower 

bud formation varied significantly among the cultivars in both the years i.e. 2022 and 2023. 
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It is evident that in years 2022 and 2023, minimum number of days taken to coloured flower 

bud formation was seen in cv. Surf C4 (99.60days and 99.65 days). In contrast, number of 

days taken to coloured bud formation was observed in cv. Apricot Parasol in both the years of 

study i.e (124.93 days and 125.36 days) it was found be to statistically at par with cv. Well 

Spring White in both years i.e 123.03 days and 123.26 days. 

 

Number of days required for coloured bud formation showed significant results in 

both the years of study i.e 2022 and 2023. During course of study, minimum number of days 

required for coloured bud formation was observed by plants grown under HDPE (M1) in both 

the years of study i.e. (110.42 and 111.07 days). On the other hand, plants grown under black 

satin cloth M3 has shown maximum days required for visible coloured bud formation in both 

year of study i.e. (120.11 and 121.15 days) irrespective of cultivars. Simultaneously cvs 

Purnima, Apricot Parasol and Well Spring White did not induce flower bud formation under 

black satin cloth. 

 

Interaction data reveals that minimum days required to visible coloured bud formation 

was achieved, when plants of cv. Surf were grown under HDPE i.e. C4M1 for both the years 

of study i.e (91.33 days and 91.47 days). In contrast, maximum days taken to visible colour 

flower bud formation in year 2022 was observed in C5M2 i.e. Apricot Parasol grown under 

Tarpaulin i.e (127.07 days), which was at par with cv Yellow Star grown under black satin 

cloth i.e 126.67 days, whereas in the year 2023 the maximum number of days to coloured bud 

formation was observed in cv. Yellow Star under black satin cloth i.e 127.93 days which was 

found to be at par with cv Apricot Parasol grown under Tarpaulin i.e 126.20 days. 

 

Pooled data (Table 4.6c) also expressed significant results w.r.t. days to coloured bud 

formation. Minimum days taken to visible coloured bud formation was noted in cv. Surf i.e. 

99.62 days, whereas maximum i.e. 125.15 days  was observed in cv. Apricot Parasol, which 

was statistically at par with cv. Well Spring White i.e 123.15 days. 

 

Covering materials also significantly affected number of days required to visible 

coloured bud formation. Minimum number of days required to visible coloured flower bud 

formation was observed under HDPE i.e. (110.74 days) in comparison maximum days 

required to visible coloured flower bud formation under black satin cloth i.e. 129.63 days.  

 

Interaction data reveals that C4M1 i.e. plants of cv. Surf grown under HDPE displayed 

minimum days to visible coloured flower bud formation i.e. 91.40 days. In contrast maximum 
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days to visible coloured flower bud formation i.e. 127.30 was observed in C2M3 cv. Yellow 

Star grown under black satin cloth, it was found to be at par with cv. Apricot Parasol grown 

under Tarpaulin i.e 126.63 days. C5M2. 

 

Number of days required for coloured bud formation was found to be very earlier  in 

plants under HDPE as compared to tarpaulin and black satin cloth. HDPE is a highly opaque 

material and did not allow even a single ray of light to reach plants during black out period 

and hence produced blackout effects similar to natural short day conditions inducing flower 

bud formation. Tarpaulin also is a good covering material but it is cloth based and hence 

same short day conditions were created under this also but with a delay. On the contrast, 

black satin cloth knit is not opaque and allow some light to enter inside as a result prohibiting 

true short day conditions. Under the present studies black satin cloth could not induce 

flowerings stimulus in cvs Purnima, Apricot Parasol and Well Spring White and hence 

flowering was not observed at all in these cvs. On the other hand, HDPE was found to be 

most effective material and induced earlier formation in all cultivars under study where 

artificial short day treatments were given which is in conformity with the findings of Sita 

Ram (1991), Sangma (2015), Usha (2010), Velmurugan and Vadivel (2003), Sita Ram and 

Shegal (1993
b
), Pathak (2002), Cockshull and Kofranek (1992). 

 

Table 4.6a. Effect of covering materials on days taken to coloured bud formation of 

chrysanthemum cultivars in the year 2022 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 100.87 105.60 121.87 109.45 

C2 : Yellow Star  106.27 108.93 126.67 113.96 

C3 : Purnima 120.40 124.87 - 122.63 

C4 : Surf  91.33 95.67 111.80 99.60 

C5 : Apricot Parasol  122.80 127.07 - 124.93 

C6 : Well Spring White 120.87 125.20 - 123.03 

Mean  110.42 114.56 120.11  

Cultivars  (CD) Cultivars (CD) Covering material (CD) 

WS x YS 0.59 YS x WSW 0.66 HDPE x TP 0.42 

WS x PU 0.66 PU x SU 0.66 HDPE X BSC 0.51 

WS x S 0.59 PU x AP 1.93 TP x BSC 0.51 

WS x AP 0.66 PU x WSW 1.93 INTERACTION 1.02 

WS x WSW 0.66 SU x AP 0.66   

YS x PU 0.66 SU x WSW 0.66    

YS x SU 0.59 AP x WSW 1.93    

YS x AP 0.66      
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Table 4.6b.  Effect of covering materials on days taken to coloured bud formation of 

chrysanthemum cultivars in the year 2023 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 101.40 105.40 122.13 109.64 

C2 : Yellow Star  106.87 109.13 127.93 114.64 

C3 : Purnima 120.53 122.73 - 121.63 

C4 : Surf  91.47 94.07 113.40 99.65 

C5 : Apricot Parasol  124.53 126.20 - 125.36 

C6 : Well Spring White 121.60 124.93 - 123.26 

Mean  111.07 113.74 121.15  

Cultivars  (CD) Cultivars (CD) Covering material (CD) 

WS x YS 0.57 YS x WSW 0.59 HDPE x TP 0.40 

WS x PU 0.56 PU x SU 0.49 HDPE X BSC 0.59 

WS x S 0.64 PU x AP 2.11 TP x BSC 0.50 

WS x AP 0.66 PU x WSW 2.11 INTERACTION 1.80 

WS x WSW 0.63 SU x AP 0.64   

YS x PU 0.62 SU x WSW 0.66    

YS x SU 0.58 AP x WSW 2.11    

YS x AP 0.60      

 

Table 4.6c.  Effect of covering materials on days taken to coloured bud formation of 

chrysanthemum cultivars (pooled)  

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 101.13 105.50 122.00 109.54 

C2 : Yellow Star  106.57 109.03 127.30 114.30 

C3 : Purnima 120.47 123.80 - 122.13 

C4 : Surf  91.40 94.87 112.60 99.62 

C5 : Apricot Parasol  123.67 126.63 - 125.15 

C6 : Well Spring White 121.23 125.07 - 123.15 

Mean  110.74 114.15 120.63  
Cultivars  (CD) Cultivars (CD) Covering material (CD) 

WS x YS 0.56 YS x WSW 0.56 HDPE x TP 0.42 

WS x PU 0.59 PU x SU 0.48 HDPE X BSC 0.57 

WS x S 0.67 PU x AP 2.01 TP x BSC 0.48 

WS x AP 0.68 PU x WSW 2.01 INTERACTION 1.04 

WS x WSW 0.64 SU x AP 0.63   

YS x PU 0.60 SU x WSW 0.64    

YS x SU 0.57 AP x WSW 2.01    

YS x AP 0.65      

 

4.7.  Days taken to harvesting:  
 

Data presented in Table 4.7a and 4.7b shows that Days taken to harvesting of 

cut/loose flower of different chrysanthemum cultivars varied significantly among cultivars in 

both the years i.e. 2022 and 2023. 
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It is observed that in year 2022 and 2023 minimum days taken to harvesting was seen 

in cv. Surf C4 (109.89 days and 109.11 days) On the other hand maximum days taken to 

harvesting was observed in cv. Well Spring white i.e 139.33 and 138.86 days for both years 

of investigation.   

 

In the year 2022 and 2023 various disparity was observed in days taken to harvesting 

by different covering materials. Minimum days taken to harvesting was observed by plants 

grown under HDPE (M1) i.e (123.62 days and 121.81 days) for both the years of 

investigation, whereas maximum days taken to harvesting was observed in black satin cloth 

i.e 131.33 days and 131.93 days for both years of study (Plate 2). 

 

Interaction data of 2022 reveals that minimum days taken to harvesting was achieved, 

when plants of cv. Surf were grown under HDPE i.e. C4M1 (102.13 days). In contrast, 

maximum days taken to harvesting was observed in C6M2 i.e. Well Spring White grown 

under Tarpaulin (141.33 days) which was found to be at par with cv. White Star under black 

satin cloth C1M3 i.e (136.20 days). On the other hand, in year 2023, Interaction data reveals 

that minimum days taken to harvesting was again displayed by cv. Surf grown under HDPE 

(C4 M1) i.e. (100.40 days) whereas maximum days taken to harvesting was observed in C6M2 

i.e. Well spring White grown under tarpaulin i.e (141.00 days). 

 

Table 4.7c represented pooled data of days taken to harvesting. Minimum days taken 

to harvesting was noted in cv. Surf i.e. (109.50 days), whereas maximum i.e. 139.10 days was 

observed in cv. Well Spring White. Covering materials also significantly affected days taken 

to harvesting, minimum days taken to harvesting was observed under HDPE i.e. 122.72 days, 

whereas maximum days taken to harvesting was seen under black satin cloth M3 i.e. (131.63 

days). 

 

Interaction data reveals that plants of cv. Surf grown under HDPE displayed 

minimum days taken to harvesting i.e. 101.27 days. In contrast maximum days taken to 

harvesting i.e. 141.17 was observed in cv. Well Spring White under HDPE. 

 

The time needed for the harvesting of flowers was observed to be significantly shorter 

in plants grown under HDPE compared to those under tarpaulin and black satin cloth. This 

observation held true even when artificial short day treatments were applied, aligning with 

the findings of previous studies by Sita Ram (1991), Sangma (2015), Usha (2010), 
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Velmurugan and Vadivel (2003), Sita Ram and Shegal (1993
b
), Pathak (2002), and Cockshull 

and Kofranek (1992). 

 

Table 4.7a.  Effect of covering materials on days taken to harvesting of chrysanthemum 

cultivars in the year 2022 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 113.53 116.00 136.20 121.91 

C2 : Yellow Star  122.07 126.33 135.07 127.82 

C3 : Purnima 132.13 135.33 - 133.73 

C4 : Surf  102.13 104.80 122.73 109.89 

C5 : Apricot Parasol  134.53 135.80 - 135.16 

C6 : Well Spring White 137.33 141.33 - 139.33 

Mean  123.62 126.60 131.33  

Cultivars  (CD) Cultivars (CD) Covering material (CD) 

WS x YS 1.64 YS x WSW 1.83 HDPE x TP 1.16 

WS x PU 1.83 PU x SU 1.83 HDPE X BSC 1.42 

WS x S 1.64 PU x AP 2.01 TP x BSC 1.42 

WS x AP 1.83 PU x WSW 2.01 INTERACTION 2.84 

WS x WSW 1.83 SU x AP 1.83   

YS x PU 1.83 SU x WSW 1.83    

YS x SU 1.64 AP x WSW 2.01    

YS x AP 1.83      

 

Table 4.7b.  Effect of covering materials on days taken to harvesting of chrysanthemum 

cultivars in the year 2023 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 112.13 115.60 136.73 121.49 

C2 : Yellow Star  119.33 125.93 135.33 126.86 

C3 : Purnima 129.87 135.20 - 132.53 

C4 : Surf  100.40 103.20 123.73 109.11 

C5 : Apricot Parasol  132.40 135.67 - 134.03 

C6 : Well Spring White 136.73 141.00 - 138.86 

Mean  121.81 126.10 131.93  

Cultivars  (CD) Cultivars (CD) Covering material (CD) 

WS x YS 1.72 YS x WSW 1.92 HDPE x TP 1.22 

WS x PU 1.92 PU x SU 1.92 HDPE X BSC 1.49 

WS x S 1.72 PU x AP 2.11 TP x BSC 1.49 

WS x AP 1.92 PU x WSW 2.11 INTERACTION 2.98 

WS x WSW 1.92 SU x AP 1.92   

YS x PU 1.92 SU x WSW 1.92    

YS x SU 1.72 AP x WSW 2.11    

YS x AP 1.92      
 

 



Tarpaulin High Density Poly Ethylene 

Plate 2.  Variation in days to harvesting under different covering materials in chrysanthemum

ttTarpaulinhBlack Satin Cloth 

Plate 2.  Variation in days to harvesting under different covering materials in chrysanthemum
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Table 4.7c.  Effect of covering materials on days taken to harvesting of chrysanthemum 

cultivars (pooled) 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 112.83 115.80 136.47 121.70 

C2 : Yellow Star  120.70 126.13 135.20 127.34 

C3 : Purnima 131.00 135.27 - 133.13 

C4 : Surf  101.27 104.00 123.23 109.50 

C5 : Apricot Parasol  133.47 135.83 - 134.60 

C6 : Well Spring White 137.03 141.17 - 139.1 

Mean  122.72 126.37 131.63  

Cultivars  (CD) Cultivars (CD) Covering material (CD) 

WS x YS 2.32 YS x WSW 2.59 HDPE x TP 1.64 

WS x PU 2.59 PU x SU 2.59 HDPE X BSC 2.01 

WS x S 2.32 PU x AP 2.84 TP x BSC 2.01 

WS x AP 2.59 PU x WSW 2.84 INTERACTION 4.02 

WS x WSW 2.59 SU x AP 2.59   

YS x PU 2.49 SU x WSW 2.59    

YS x SU 2.32 AP x WSW 2.84    

YS x AP 2.59      

 

4.8a:  Number of flowers per plant in standard chrysanthemum: 

 

Data presented in Table 4.8.1 a and 4.8.2 a shows that number of flower per plant 

varied significantly among the standard chrysanthemum cultivars in both the years i.e. 2022 

and 2023. 

 

In the years 2022 and 2023 maximum number of flowers per plant was observed in 

cv. Yellow Star C2 i.e (3.00 and2.91). In contrast minimum numbers of flowers per plants 

was observed in cv. Purnima C3 for both years of study i.e. (2.35 and 2.17). 

 

Variation in the year 2022 and 2023 was observed in number of flowers per plant 

under different covering materials. Maximum number of flowers was observed by plants 

grown under HDPE (M1) for both the years of study i.e. (3.07 and 3.20). On the other hand, 

in year 2022 plants grown under black satin cloth M3 has shown minimum number of flowers 

per plant i.e. (2.12), whereas in the year 2023 minimum number of flowers per plant was 

observed in plants grown under Tarpaulin M2 i.e. (2.50) (Plate 3). 

 

Interaction data of 2022 and 2023 shows significant response and it reveals that 

maximum number of flowers per plant was achieved, when plants of cv. Yellow Star were 

grown under HDPE i.e. C2M1 for both the years of study i.e. (3.60 and 3.60). In contrast, 

minimum number of flowers per plant was observed in C3M2 i.e. Purnima grown under black 

satin cloth for both years of study i.e. (2.07 and 2.10). 
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A variation in number of flowers per plant was noticed among cultivars in pooled data 

also (Table 4.8 c). Maximum number of flowers per plant was noted in cv Yellow Star. i.e. 

2.96, whereas minimum number of flowers per plant were seen in cv. Purnima i.e. 2.27. 

  

 Covering materials also significantly affected number of flowers per plant. Maximum 

number of flowers per plants was observed under HDPE i.e. (3.14) in comparison to 

minimum number of flowers per plant under black satin cloth i.e. 2.31. Flowering was not 

observed in Purnima under black satin cloth  

 

Interaction data reveals C2M1 that plants of cv. Yellow Star grown under HDPE 

displayed maximum number of flowers per plant i.e. 3.60. In contrast minimum number of 

flowers per plant i.e. 2.09 was observed in cv. Purnima under black satin cloth. 

 

The controlled photoperiod resulted in a higher number of flowers per plant, while the 

natural photoperiod led to a lower count, consistent with the findings of Talent et al. (1979) 

and Post (1931). In the controlled photoperiod, plants were subjected to consistent light 

treatments, promoting the proper development of buds and uniform early flowering. Some 

chrysanthemum cultivars tend to form flower buds prematurely under long-day conditions 

(Langton et al., 1981; Lee et al., 2004), possibly contributing to the occurrence of abnormal 

flowers in plants exposed to natural photoperiodic conditions. This phenomenon ultimately 

resulted in a reduced number of flowers per plant. 

 

Table 4.8.1a.  Effect of covering materials on number of flowers per plant of standard 

chrysanthemum cultivars in the year 2022 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 3.33 2.67 2.10 2.70 

C2 : Yellow Star  3.60 3.27 2.13 3.00 

C3 : Purnima 2.27 2.07 - 2.17 

Mean  3.07 2.67 2.12 - 

Cultivars (CD) Covering Material (CD) 

WS x YS 0.72 HDPE x TP 0.72 

WS x PU 0.81 HDPE X BSC 0.81 

YS x PU 0.81 TP x BSC 0.81 

Interaction 1.24   

 



High Density Poly Ethylene hBlack Satin Cloth 

Plate 3. Variation in number of flowers per plant under different covering materials in chrysanthemum

High Density Poly Ethylene ttTarpaulin

Plate 3. Variation in number of flowers per plant under different covering materials in chrysanthemum
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Table 4.8.2a.  Effect of covering materials on number of flowers per plant of standard 

chrysanthemum cultivars in the year 2023 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 3.40 2.47 2.80 2.89 

C2 : Yellow Star  3.60 2.93 2.21 2.91 

C3 : Purnima 2.60 2.10 - 2.35 

Mean  3.20 2.50 2.51  

Cultivars (CD) Covering Material (CD) 

WS x YS 0.66 HDPE x TP 0.66 

WS x PU 0.74 HDPE X BSC 0.68 

YS x PU 0.74 TP x BSC 0.68 

Interaction 1.14   

 

Table 4.8.3a.  Effect of covering materials on number of flowers per plant of standard 

chrysanthemum cultivars (pooled) 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 3.37 2.57 2.45 2.80 

C2 : Yellow Star  3.60 3.10 2.17 2.96 

C3 : Purnima 2.44 2.09 - 2.27 

Mean  3.14 2.59 2.31  

Cultivars (CD) Covering Material (CD) 

WS x YS 0.68 HDPE x TP 0.68 

WS x PU 0.83 HDPE X BSC 0.83 

YS x PU 0.83 TP x BSC 0.83 

Interaction 1.17   

 

4.8b:  Number of flowers per plant in spray chrysanthemum: 

 

Data presented in Table 4.8.1 b and 4.8.2 b shows that number of flower per plant 

varied significantly among the spray chrysanthemum cultivars in both the years i.e. 2022 and 

2023. 

 

In the year 2022 and 2023 maximum number of flowers per plant was observed in cv. 

Well Spring White C6 in both the years i.e. (51.40 and 48.83). In contrast minimum number 

of flowers per plant in 2022 was observed in cv. Apricot Parasol C5 i.e. (36.43), whereas for 

the year 2023 the minimum number of flowers per plant was observed in cv. Surf i.e 39.73. 

 

Variation in the year 2022 and 2023 was observed in number of flowers per plant 

under covering materials also. Maximum number of flowers per plant was observed by plants 

grown under HDPE M1 for both years of study i.e. (44.29 and 45.13). On the other hand, in 
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both years of study the minimum number of flowers per plant was observed in plants grown 

under Black satin cloth M3 i.e. (37.33 and 36.67).In case of cvs Apricot Parasol and Well 

Spring White flowering was observed under HDPE and tarpaulin. Black satin cloth could not 

induce flowering in theses cvs.  

 

Interaction data of 2022 and 2023 shows significant responses and it exhibits that 

maximum number of flowers per plant was achieved, when plants of cv. Well Spring White 

were grown under HDPE i.e. C6M1 for both year of study i.e. (53.60 and 52.00). In contrast to 

this for the year 2023 the minimum number of flowers per plant was observed in C5M1 i.e. 

Apricot Parasol grown under HDPE i.e. (36.27), whereas in year 2023 the minimum number 

of flowers per plant were seen in C4M3 i.e cv. Surf grown under black satin cloth (36.67). 

 

A wide variation in number of flowers per plant was noticed among cultivars in 

pooled data also (Table 4.8 c). Maximum number of flowers per plant was noted in cv Well 

Spring White. i.e. 50.12, whereas minimum number of flowers per plant were seen in cv. 

Apricot Parasol i.e. 38.32. 

 

Covering materials also significantly affected number of flower per plant. Maximum 

number of flowers per plants was observed under HDPE i.e. (44.71) in comparison to 

minimum number of flower per plant under black satin cloth i.e. 37.00.  

 

Interaction data reveals that plants of cv. Well Spring White grown under HDPE 

C6M1 displayed maximum number of flowers per plant i.e. 52.80. On the other hand, 

minimum number of flowers per plant i.e. 37.00 was observed in cv. Surf under black satin 

cloth. (C6M3). 

 

The controlled photoperiod resulted in a higher number of flowers per plant, 

contrasting with the lower count observed in plants exposed to natural photoperiod. This 

aligns with the findings of Talent et al. (1979) and Post (1931). Plants subjected to controlled 

photoperiod experienced consistent exposure to uniform light conditions, facilitating proper 

bud development and achieving uniform early flowering. Certain chrysanthemum cultivars 

exhibit premature flower bud formation in extended daylight conditions (Langton et al., 1981; 

Lee et al., 2004). This tendency might contribute to the occurrence of numerous abnormal 

flowers in plants under natural photoperiod, consequently leading to a reduced overall flower 

count per plant. 
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Table 4.8.1b.  Effect of covering materials on number of flowers per plant of spray 

chrysanthemum cultivars in the year 2022 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C4: Surf 43.00 42.47 37.33 40.93 

C5 : Apricot Parasol 36.27 36.60 - 36.43 

C6 : Well Spring White  53.60 49.20 - 51.40 

Mean 44.29 42.76 37.33  

Cultivars (CD) Covering Material (CD) 

SU x AP 1.14 HDPE x TP 1.02 

SU x WSW 1.14 HDPE X BSC 1.45 

AP x WSW 1.25 TP x BSC 1.45 

Interaction  1.77   
 

Table 4.8.2b.  Effect of covering materials on number of flowers per plant of spray 

chrysanthemum cultivars in the year 2023 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C4: Surf 41.00 41.53 36.67 39.73 

C5 : Apricot Parasol 42.40 38.00 - 40.20 

C6 : Well Spring White  52.00 45.67 - 48.83 

Mean 45.13 41.73 36.67  

Cultivars (CD) Covering Material (CD) 

SU x AP 1.63 HDPE x TP 1.49 

SU x WSW 1.63 HDPE X BSC 1.99 

AP x WSW 1.82 TP x BSC 1.99 

Interaction  2.30   
 

Table 4.8.3b. Effect of covering materials on number of flowers per plant of spray 

chrysanthemum cultivars (pooled) 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C4: Surf 42.00 42.00 37.00 40.33 

C5 : Apricot Parasol 39.34 37.30 - 38.32 

C6 : Well Spring White  52.80 47.44 - 50.12
 
 

Mean 44.71
 
 42.25 37.00  

Cultivars (CD) Covering Material (CD) 

SU x AP 1.47 HDPE x TP 1.34 

SU x WSW 1.47 HDPE X BSC 1.80 

AP x WSW 1.64 TP x BSC 1.80 

Interaction  2.08   
 

4.9:  Flower size (cm) 
 

Data presented in Table 4.9a and 4.9b shows that flowers size varied significantly 

among the cultivars in both the years i.e. 2022 and 2023. 
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Among the cultivars the results were significant in both the year 2022 and 2023 

maximum flower Size was seen in cv. White Star C1 (7.22 cm and 6.76 cm) which was found 

to be at par with yellow Star C2 i.e (6.90 cm and 6.75 cm) respectively. In contrast, minimum 

flower size was observed in cv. Well Spring White C6 (2.80 cm and 3.07 cm).   

 

Variation in the year 2022 and 2023 was observed in flower size to different covering 

materials. Maximum flower size was observed by plants grown under black satin (M3) i.e. 

(5.48cm and 5.39 cm) for both years of study. On the other hand, plants grown under 

Tarpaulin M2 has shown minimum flower size i.e. (5.21 cm and 5.00 cm) for both years of 

study. 

 

Interaction data of 2022 and 2023 reveals that maximum flower size was achieved, 

when plants of cv. White Star were grown under HDPE i.e. C1M1 (7.63 cm and 7.49 cm). In 

contrast, minimum flower size was observed in C6M1 i.e. Well Spring White grown under 

HDPE (2.49 cm and 2.99 cm) during both the year of study. 

 

A wide variation in flower size was noticed among cultivars in pooled data (Table 

4.9.c). Maximum flower size was noted in cv White Star. i.e.6.99cm, whereas minimum i.e. 

2.94 cm was observed in cv. Well Spring white 

 

Covering materials also significantly affected flower size. Maximum flower size was 

observed under Black satin cloth i.e. (5.44 cm) in comparison to minimum flower size under 

Tarpaulin i.e. 5.11 cm. 

 

Interaction data reveals that plants of cv. White Star grown under HDPE displayed 

maximum flower size i.e. 7.56 cm, in contrast minimum flower size i.e. 2.74 cm was 

observed in cv. Well Spring White under HDPE. 

 

Studies show that due to less exposure to light and with increase in temperature in 

night hours under covering materials causes smaller size of flowers, it is in conformity to the 

earlier studies conducted by Carvalho et al. 2005, Nakano et al, 2020 Karlsson  et al. 1989, 

Nozaki & Fukai 2008. 
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Table 4.9a.  Effect of covering materials on flower size (cm) of chrysanthemum cultivars 

in the year 2022 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 7.63 7.41 6.63 7.22 

C2 : Yellow Star  7.13 6.89 6.69 6.90 

C3 : Purnima 5.70 5.57 - 5.64 

C4 : Surf  4.34 4.15 3.13 3.87 

C5 : Apricot Parasol  4.22 4.11 - 4.17 

C6 : Well Spring White 2.49 3.11 - 2.80 

Mean  5.25
 
 5.21

 
 5.48

 
  

Cultivars  (CD) Cultivars (CD) Covering material (CD) 

WS x YS 0.25 YS x WSW 2.59 HDPE x TP 0.18 

WS x PU 0.28 PU x SU 2.59 HDPE X BSC 0.21 

WS x S 0.25 PU x AP 2.84 TP x BSC 0.21 

WS x AP 0.28 PU x WSW 2.84 INTERACTION 0.39 

WS x WSW 0.28 SU x AP 2.59   

YS x PU 0.28 SU x WSW 2.59    

YS x SU 0.25 AP x WSW 2.84    

YS x AP 0.28      
 

Table 4.9b.  Effect of covering materials on flower size(cm) of chrysanthemum cultivars 

in the year 2023 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 7.49 6.97 5.83 6.76 

C2 : Yellow Star  7.25 6.28 6.72 6.75 

C3 : Purnima 5.50 5.63 - 5.57 

C4 : Surf  4.97 4.09 3.61 4.22 

C5 : Apricot Parasol  3.98 3.88 - 3.93 

C6 : Well Spring White 2.99 3.15 - 3.07 

Mean  5.36 5.00 5
 
.39  

Cultivars  (CD) Cultivars (CD) Covering material (CD) 

WS x YS 0.22 YS x WSW 0.24 HDPE x TP 0.16 

WS x PU 0.24 PU x SU 0.24 HDPE X BSC 0.19 

WS x S 0.22 PU x AP 0.27 TP x BSC 0.19 

WS x AP 0.24 PU x WSW 0.27 INTERACTION 0.34 

WS x WSW 0.24 SU x AP 0.24   

YS x PU 0.24 SU x WSW 0.24    

YS x SU 0.22 AP x WSW 0.27    

YS x AP 0.24      
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Table 4.9c.  Effect of covering materials on flower size (cm) of chrysanthemum cultivars 

(pooled) 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 7.56 7.19 6.23 6.99 

C2 : Yellow Star  7.19 6.59 6.71 6.83 

C3 : Purnima 5.60 5.60 - 5.60 

C4 : Surf  4.66 4.12 3.37 4.05 

C5 : Apricot Parasol  4.10 4.00 - 4.05 

C6 : Well Spring White 2.74 3.13 - 2.94 

Mean  5.31 5.11 5.44 
 

Cultivars  (CD) Cultivars (CD) Covering material (CD) 

WS x YS 0.16 YS x WSW 0.18 HDPE x TP 0.11 

WS x PU 0.18 PU x SU 0.18 HDPE X BSC 0.14 

WS x S 0.16 PU x AP 0.20 TP x BSC 0.14 

WS x AP 0.18 PU x WSW 0.20 INTERACTION 0.28 

WS x WSW 0.18 SU x AP 0.18   

YS x PU 0.18 SU x WSW 0.18    

YS x SU 0.16 AP x WSW 0.20    

YS x AP 0.18      

 

4.10a:  Cut stem weight(g) of standard chrysanthemum 
 

Data presented in Table 4.10.1 a and 4.10.2.a shows that cut stem weight varied 

significantly among the cultivars in both the years i.e. 2022 and 2023. 

 

In year 2022 and 2023, maximum cut stem weight was observed in cv. White Star C1 

i.e (24.87g and 23.44g) which was found to be at par with Yellow Star C2 i.e (23.71g and 

23.06g) respectively. In contrast, minimum cut stem weight was observed in cv. Purnima C6 

i.e (21.72g and 22.12 g) during both the years of study.   

 

Variation in the years 2022 and 2023 was observed in cut stem weight due to different 

covering materials. Maximum cut stem weight was observed by plants grown under HDPE 

(M1) i.e. (24.12g and 24.02g). On the other hand, plants grown under black satin cloth M3 has 

shown minimum cut stem weight i.e. (22.80g and 21.59g) during both the years of study. 

 

Interaction data of 2022 and 2023 reveals that heaviest cut stems were obtained, when 

plants of cv. White Star were grown under HDPE i.e. C1M1 (26.22g and 25.14g). It was found 

to be at par with C1M2 White Star grown under tarpaulin i.e. 24.93 g and C2M2(24.02) and 

C2M2(24.95) i.e Yellow Star under HDPE and black satin cloth, respectively for the year 
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2023.  In contrast, minimum cut stem weight in year 2022 was displayed in C3M2 i.e. 

Purnima grown under tarpaulin i.e. (21.32 g), whereas it was found to be minimum in 2023 

by C1M3 White Star under Black satin cloth (21.50 g) 

 

A wide variation in cut stem weight was noticed among cultivars in pooled data 

(Table 4.10.3a). Maximum cut stem weight was noted in cv White Star. i.e.24.16, which was 

found to be at par with cv. Yellow Star i.e. 23.39g, whereas minimum cut stem weight 

i.e.21.92 g was observed in cv. Purnima. 
 

Covering materials also affected cut stem weight. Maximum cut stem weight was 

observed under HDPE i.e. (24.07g) in comparison to minimum cut stem weight under black 

satin cloth i.e. 22.19 g. 

 

Interaction data reveals that plants of cv. White Star grown under HDPE displayed 

maximum cut stem weight i.e. 25.68 g in contrast minimum cut stem weight i.e. 21.50g was 

observed in cv. Purnima under Tarpaulin.  

 

Variation in cut stem weight among standard cultivars could be attributed to the 

genotypic difference amongst them. Among covering materials, maximum cut stem weight 

was noted in the plants grown under HDPE. In the present study, HDPE was found to induce 

maximum vegetative growth in comparison to others covering materials. Optimum vegetative 

growth under the treatment has resulted in production of healthy shoots that terminated into 

flowers as it received short days’ inductive treatments. The results of the research align with 

previous studies on the same subject of Sita Ram and Sehgal (1993
b
) ,Sangma (2015)     

 

Table 4.10.1a. Effect of covering materials on cut stem weight (g) of standard 

chrysanthemum cultivars in the year 2022 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 26.22 24.93 23.45 24.87 

C2 : Yellow Star  24.02 24.95 22.15 23.71 

C3 : Purnima 22.12 21.32 - 21.72 

Mean  24.12 23.73 22.80  

Cultivars (CD) Covering Material (CD) 

WS x YS 0.57 HDPE x TP 0.57 

WS x PU 0.64 HDPE X BSC 0.64 

YS x PU 0.64 TP x BSC 0.64 

Interaction 0.99   
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Table 4.10.2a.  Effect of covering materials on cut stem weight (g) of standard 

chrysanthemum cultivars in the year 2023 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 25.14 23.68 21.50 23.44 

C2 : Yellow Star  24.37 23.15 21.67 23.06 

C3 : Purnima 22.56 21.67 - 22.12 

Mean  24.02 22.83 21.59  

Cultivars (CD) Covering Material (CD) 

WS x YS 0.65 HDPE x TP 0.65 

WS x PU 0.72 HDPE X BSC 0.72 

YS x PU 0.72 TP x BSC 0.72 

Interaction 1.12   

 

Table 4.10.3a.  Effect of covering materials on cut stem weight (g) of standard 

chrysanthemum cultivars (pooled) 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 25.68 24.31 22.48 24.16 

C2 : Yellow Star  24.20 24.05 21.91 23.39 

C3 : Purnima 22.34 21.50 - 21.92 

Mean  24.07 23.28 22.19  

Cultivars (CD) Covering Material (CD) 

WS x YS 0.61 HDPE x TP 0.61 

WS x PU 0.68 HDPE X BSC 0.68 

YS x PU 0.68 TP x BSC 0.68 

Interaction 1.12   

 

4.10b  Flower weight/plant (g) of spray chrysanthemum  

 

Data presented in Table 4.10.1 b and 4.10.2.b shows that flower weight/plant varied 

significantly among the cultivars in both the years i.e. 2022 and 2023. 

  

In years 2022 and 2023, maximum flower weight/plant was observed in cv. Apricot 

Parasol C4 i.e. (101.97 g and 105.20g respectively). In contrast, minimum flower weight/plant 

was observed in cv. Well Spring White C6 i.e (87.54g and 82.97g) during both years of study.   

 

Variation in the year 2022 and 2023 was observed in flower weight/plant due to 

different covering materials. Maximum flower weight/plant was observed by plants grown 

under HDPE (M1) i.e. (123.18g and 122.78g). On the other hand, plants grown under black 

satin cloth M3 has shown minimum flower weight/plant i.e. (64.95g and 63.80g) during both 

the years of study. 
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Interaction data of 2022 and 2023 reveals that maximum flower weight/plant was 

achieved, when plants of cv. Surf were grown under HDPE i.e. C4M1 (141.9g and 139.45g). 

In contrast, minimum flower weight/plant in year 2022 was displayed in C4M3 i.e. Surf 

grown under black satin cloth i.e. (64.95g), and in 2023 it was displayed by C6M2 Well 

Spring White under Tarpaulin i.e 63.43g.  

 

A variation in flower weight/plant was noticed among cultivars in pooled data (Table 

4.10.3b). Maximum flower weight/plant was noted in cv Apricot Parasol. i.e.103.58g, 

whereas minimum flower weight/plant i.e.86.01g was observed in cv. Well Spring White. 

 

Data also shows that maximum flower weight/plant was observed under HDPE i.e. 

(122.98g) in comparison to minimum flower weight/plant under black satin cloth i.e. 64.38 g. 

 

Interaction data reveals that plants of cv. Surf grown under HDPE C4M1 displayed 

maximum flower weight/plant i.e. 140.68g, in contrast minimum flower weight/plant i.e. 

64.38g was observed in cv. Surf under black satin cloth (C4M3 ). 

 

Variation in flower weight/plant in spray cultivars seems to be due to genetic 

constitution of different cultivars. Superiority of cv Surf for loose flower production is an 

established fact in studies of Usha (2010) As for as growing conditions are concerned, HDPE 

was found most effective material for producing healthy plants as it is evident from previous 

results. Therefore, maximum flower weight /plant was found in plants grown under HDPE 

irrespective of cultivars.  

 

Table 4.10.1b  Effect of covering materials on flower weight/plant (g) of spray 

chrysanthemum cultivars in the year 2022 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C4: Surf 141.90 93.43 64.95 100.09 

C5 : Apricot Parasol 120.12 83.81 - 101.97 

C6 : Well Spring White  107.53 67.56 - 87.54 

Mean 123.18 81.60 64.95  

Cultivars (CD) Covering Material (CD) 

SU x AP 0.87 HDPE x TP 0.78 

SU x WSW 0.87 HDPE X BSC 1.10 

AP x WSW 0.95 TP x BSC 1.10 

Interaction  1.34   
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Table 4.10.2b.  Effect of covering materials on flower weight/plant(g) of spray 

chrysanthemum cultivars in the year 2023 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C4: Surf 139.45 91.36 63.80 98.20 

C5 : Apricot Parasol 123.38 87.02 - 105.20 

C6 : Well Spring White  105.52 63.43 - 82.97 

Mean 122.78 80.60 63.80  

Cultivars (CD) Covering Material (CD) 

SU x AP 0.83 HDPE x TP 0.75 

SU x WSW 0.83 HDPE X BSC 1.06 

AP x WSW 0.91 TP x BSC 1.06 

Interaction  1.29   

 

Table 4.10.3b.  Effect of covering materials on flower weight/plant (g) of spray 

chrysanthemum cultivars (pooled) 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C4: Surf 140.68 92.40 64.38 99.15 

C5 : Apricot Parasol 121.75 85.42 - 103.58 

C6 : Well Spring White  106.52 65.50 - 86.01 

Mean 122.98 81.06 64.38  

Cultivars (CD) Covering Material (CD) 

SU x AP 0.72 HDPE x TP 0.65 

SU x WSW 0.72 HDPE X BSC 0.92 

AP x WSW 0.79 TP x BSC 0.92 

Interaction  1.12   

 

4.11a:  Vase life (days) of standard chrysanthemum cultivars. 

 

Data presented in Table 4.11.1 a and 4.11.2 a shows that vase life varied significantly 

among the cultivars in both the years i.e. 2022 and 2023 (Plate 4). 

 

In years 2022 and 2023, maximum vase life was observed in cv. White Star C1 (5.57 

days and 4.93 days) respectively. In contrast, minimum vase life was observed in cv. Purnima 

C3 (3.70 days and 3.64 days)   

 

Variation in the years 2022 and 2023 was observed vase life to different covering 

materials also. Maximum vase life was observed by plants grown under HDPE (M1) i.e. (4.98 

days and 4.71 days) for both the years of study. On the other hand, plants grown under black 

satin cloth M3 has shown minimum vase life i.e. (3.60 days and 3.87days)  

 



Plate 4. A view of experiment on vase life of chrysanthemum grown under different covering materialsPlate 4. A view of experiment on vase life of chrysanthemum grown under different covering materials
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Interaction data of 2022 and 2023 reveals that maximum vase life was achieved, when 

plants of cv. White Star were grown under tarpaulin i.e. C1M2 ( 6.0 days and 5.53 days). It 

was found to be at par with Yellow Star grown under HDPE (C2M1) i.e. (5.23 days and 5.20 

days) for both the years of study.  In contrast, minimum vase life was displayed in C3M2 i.e. 

Purnima under Tarpaulin (2.80 days and 3.47 days) for both the years of investigation. 

 

A wide variation in vase life was noticed among cultivars in pooled data also (Table 

4.11.3a). Maximum vase life was noted in cv White Star. i.e. (5.07 days), whereas minimum 

vase life i.e.3.67 days was observed in cv. Purnima. 

 

Covering materials also affected vase life. Maximum vase life was observed under 

HDPE i.e. (4.84 days), which was found to be at par with M2 4.30. It was however minimum 

under black satin cloth i.e. (3.95 days). 

 

Interaction data reveals that plants of cv. White Star grown under Tarpaulin C1M2 

displayed maximum vase life i.e. (5.77 days), which was found to be at par with cv. Yellow 

star under tarpaulin i.e 5.22 days C2M1. In contrast minimum vase life i.e. 3.14 days was 

observed in cv. Purnima under black satin cloth C3M2. 

 

Vase life is a function of healthy stems and cut flower quality. The heaviest cut stems 

with ample of carbohydrate levels produced under HDPE irrespective of cultivars. The 

healthy stems ensured consistent supply of carbohydrates to the stem when in vases resulting 

in longer vase life. The findings of the study are in conformity to earlier studies of Pathak 

(2002) and Sangma (2015) 

 

Table 4.11.1a.  Effect of covering materials on vase life of standard chrysanthemum 

cultivars in the year 2022 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 5.13 6.00 4.46
`
 5.57 

C2 : Yellow Star  5.20 3.73 3.60 4.18 

C3 : Purnima 4.60 2.80 - 3.70 

Mean  4.98 4.18 3.60  

Cultivars (CD) Covering Material (CD) 

WS x YS 0.28 HDPE x TP 0.28 

WS x PU 0.31 HDPE X BSC 0.31 

YS x PU 0.31 TP x BSC 0.31 

Interaction 0.49   
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Table 4.11.2a.  Effect of covering materials on vase life of standard chrysanthemum 

cultivars in year 2023 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 5.10 5.53 4.17 4.93 

C2 : Yellow Star  5.23 4.26 3.57 4.35 

C3 : Purnima 3.80 3.47 - 3.64 

Mean  4.71 4.42 3.87  

Cultivars (CD) Covering Material (CD) 

WS x YS 0.26 HDPE x TP 0.26 

WS x PU 0.29 HDPE X BSC 0.29 

YS x PU 0.29 TP x BSC 0.29 

Interaction 0.45   
 

Table 4.11.3a. Effect of covering materials on vase life of standard chrysanthemum 

cultivars (pooled) 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C1 : White Star 5.12 5.77 4.32 5.07 

C2 : Yellow Star  5.22 4.00 3.59 4.27 

C3 : Purnima 4.20 3.14 - 3.67 

Mean  4.84 4.30 3.95  

Cultivars (CD) Covering Material (CD) 

WS x YS 0.21 HDPE x TP 0.21 

WS x PU 0.24 HDPE X BSC 0.24 

YS x PU 0.24 TP x BSC 0.24 

Interaction 0.37   
 

4.11b  Shelf life days of spray chrysanthemum cultivars 
 

Data presented in Table 4.11.1b and 4.11.2b shows that shelf life varied significantly 

among the cultivars in both the years i.e. 2022 and 2023 (Plate 5). 

 

In year 2022 maximum shelf life was observed in cv. Surf C4 (2.55 days), which was 

found to be at par with cv. Well Spring White C6i.e 2.53 days. In contrast, minimum shelf life 

was observed in cv. Apricot Parasol C5 (2.43 days). 

 

In year 2023, maximum shelf life was observed in cv. Well Spring White C6 (2.49 

days), which was found to be at par with cv. Apricot Parasol C4 i.e 2.46 days. In contrast, 

minimum shelf life was observed in cv. Surf C4 i.e (2.42 days)   

 

Variation in the year 2022 was observed in shelf life to different covering materials. 

Maximum shelf Life was observed by plants grown under HDPE (M1) i.e. (2.60 days), which 

was found to be at par with Tarpaulin i.e 2.55 days. On the other hand, plants grown under 

black satin cloth M3 has shown minimum Shelf life i.e. (2.13 days)  



Plate 5. Shelf life studies
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Variation was also observed in the year 2023 in shelf life due to different covering 

materials. Maximum was shelf life observed by plants grown under Tarpaulin (M2) i.e. (2.69 

days), which was found to be at par with HDPE i.e 2.51 days. On the other hand, plants 

grown under black satin cloth M3 has shown minimum shelf life i.e. (1.58 days)  

 

Interaction data of 2022 reveals that maximum shelf life was achieved, when plants of 

cv. Surf were grown under tarpaulin i.e. C4M2 ( 2.80 days), which was found to be at par with 

C4M1 i.e cv. Surf grown under HDPE (2.73 days).  In contrast, minimum shelf life was 

displayed in C4M3 i.e. cv. Surf under black satin cloth (2.13 days). 

 

Interaction data of 2023 reveals that maximum shelf life was achieved, when plants of 

cv. Surf were grown under HDPE i.e. C4M1 ( 2.89 days), which was found to be at par with 

C4M2 i.e cv. Surf grown under Tarpaulin (2.80 days).  In contrast, minimum shelf life was 

displayed in C4M3 i.e. cv. Surf under black satin cloth (1.58 days). 

 

A wide variation in shelf life was noticed among cultivars in pooled data also (Table 

4.11.3a). Maximum shelf life was noted in cv Well Spring White. i.e. (2.51 days), which was 

found to be at par with cv. Surf i.e (2.49 days).In contrast minimum shelf life i.e.2.45 days 

was observed in cv. Apricot Parasol. 

 

Covering materials also affected shelf life. Maximum shelf life was observed under 

tarpaulin i.e. (2.62 days), which was found to be at par with HDPE M1 i.e.2.55days. 

Minimum shelf life was observed under black satin cloth i.e. (1.86 days). 

 

 Interaction data reveals that plants of cv. Surf grown under HDPE C4M1 displayed 

maximum shelf life i.e. (2.81 days), which was found to be at par with cv. Surf under 

tarpaulin C4M2 i.e 2.80 days. In contrast minimum shelf life i.e. 1.86 days was observed in 

cv. Surf under black satin cloth. C4M3 

 

Genotypic variations among spray chrysanthemum cultivars is reflected in shelf life 

also plants grown under HDPE attained best vegetative growth which in turn resulted in best 

quality flower production in terms of flower size and weight as it is evident in the present 

study. Availability of larger amounts of carbohydrates ensures continuous supply of food to 

flowers after harvesting resulting into longer shelf life. The study's results align with those of 

previous research of Pathak (2002), and Cockshull and Kofranek (1992). 
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Table 4.11.1b.  Effect of covering materials on shelf life of spray chrysanthemum 

cultivars in the year 2022 
 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C4: Surf 2.73 2.80 2.13 2.55 

C5 : Apricot Parasol 2.53 2.33 - 2.43 

C6 : Well Spring white  2.53 2.53 - 2.53 

Mean 2.60 2.55 2.13  

Cultivars (CD) Covering Material (CD) 

SU x AP 0.29 HDPE x TP 0.26 

SU x WSW 0.29 HDPE X BSC 0.37 

AP x WSW 0.32 TP x BSC 0.37 

Interaction  0.45   

 

Table 4.11.2b.  Effect of covering materials on shelf life of spray chrysanthemum 

cultivars in the year 2023 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C4: Surf 2.89 2.80 1.58 2.42 

C5 : Apricot Parasol 2.19 2.73 - 2.46 

C6 : Well Spring white  2.45 2.53 - 2.49 

Mean 2.51 2.69 1.58  

Cultivars (CD) Covering Material (CD) 

SU x AP 0.28 HDPE x TP 0.25 

SU x WSW 0.28 HDPE X BSC 0.36 

AP x WSW 0.31 TP x BSC 0.36 

Interaction  0.43   

 

Table 4.11.3b.  Effect of covering materials on shelf life of spray chrysanthemum 

cultivars (pooled) 

 

Covering materials 

Cultivars  

HDPE 

( M1) 

TP 

( M2) 

BSC 

( M3) 
Mean 

C4: Surf 2.81 2.80 1.86 2.49 

C5 : Apricot Parasol 2.36 2.53 - 2.45 

C6 : Well Spring white  2.49 2.53 - 2.51 

Mean 2.55 2.62 1.86  

Cultivars (CD) Covering Material (CD) 

SU x AP 0.21 HDPE x TP 0.19 

SU x WSW 0.21 HDPE X BSC 0.21 

AP x WSW 0.23 TP x BSC 0.21 

Interaction  0.32   

 



Chapter-5 

 

SUMMARY AND CONCLUSION 
  

 

 The present investigation entitled “Effect of covering materials on off season flower 

production of chrysanthemum (Dendranthema x grandiflora Tzvelev.) cultivars under 

low hills of HP” was carried out at Experimental Farm of RHR&TS Dhaulaukuan, Simour of 

Dr. Y.S. Parmar University of Horticulture and Forestry, Nauni, Solan (H.P.) during 2022 and 

2023. The experiment was laid out in CRD with 4 treatments, replicated thrice. One week 

before planting vermicompost, full doses of P and K and half dose of N were incorporated 

into the beds. The remaining half dose of nitrogen was applied after 30 days of planting. After 

the plants attained height of more than one to one and half feet with sufficient vegetative 

growth the blackout treatment was started with different covering materials i.e. HDPE, Black 

Satin Cloth and Tarpaulin. The findings and conclusions of the study are summarized below: 

 

Maximum plant height (cm) was observed under natural photoperiod (58.60 cm) 

and minimum plant height in HDPE (56.47.cm). Among different cultivars, maximum plant 

height was recorded in ‘White Star’ (90.60. cm) and minimum height was recorded in ‘Well 

Spring White’ (32.24 cm). 

 

Plant spread was found to be maximum in the different cultivars belonging to spray 

and standard groups, cultivar ‘Purnima’ (49.96 cm) exhibited maximum plant spread and 

minimum was observed in ‘Well Spring White’(28.57cm). 

 

Maximum number of shoots per plant was recorded in plants under natural 

photoperiod (4.04) and minimum number of shoots per plant was recorded in plants under 

tarpaulin (3.62). Among different cultivars, maximum number of shoots per plant was 

observed in cultivar ‘Surf’ (4.43) whereas minimum was observed in cultivar ‘White Star and 

Purnima’ (3.41). 

 

Maximum chlorophyll content was recorded in cultivar ‘Apricot Parasol’(1.47mg/g) 

whereas minimum was recorded in cultivar ‘White Star’(0.58mg/g). 

 

Number of short days taken for visible flower bud formation was minimum in plants 

covered with HDPE (high density polyethylene) (49.41. days) while maximum number of 
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days were taken by plants grown under black satin cloth (59.80 days). Among the 

different cultivars, ‘Surf’ (38.82 days) took least number of short days taken for visible 

coloured flower bud formation, while ‘Well Spring White’ (59.80 days) took maximum 

number of short days for visible colour flower bud formation. 

 

Days taken to colored flower bud formation was observed to be minimum in plants 

covered with HDPE (high density polyethylene) (110.74 days) while maximum number of 

days were taken by plants under black satin cloth (129.63. days). Among the different 

cultivars, ‘Surf’ (99.62 days) took least number of days taken for visible colored bud 

formation, while ‘Well Spring White’ (123.15 days) took maximum number of days taken for 

visible colored bud formation  

 

Minimum days to reach harvesting stage was recorded in plants under high density 

polyethylene (122.72 days) and in comparison, plant grown under black satin cloth (131.63 

days) took maximum number of days       to reach at this stage. Among the different cultivars 

‘Surf’ (109.50 days) took minimum number of days to reach at this stage and ‘Well Spring 

White’ (139.10 days) took maximum number of days to reach harvesting 

 

Among the standard cultivars, plants under HDPE cover (3.14) had maximum number 

of flowers per plant and minimum number of flowers per plant was recorded under black 

satin cloth (2.21). Among the different standard cultivars, maximum number of flowers per 

plant was recorded in ‘Yellow Star’ (2.96). In contrast, minimum number of flowers per 

plant was recorded in ‘Purnima’ (2.27).  

 

In spray cultivars, plants grown under HDPE (44.71) produced maximum number of 

flowers per plant and minimum number of flowers per plant was produced in plants under 

black satin cloth (37.00). Among the cultivars, maximum number of flowers per plant 

recorded in ‘Well Spring White’(50.12) and minimum number of flowers per plant was seen 

in  ‘Apricot Parasol’(38.32). 

 

Maximum flower size of 5.44 cm diameter was recorded in plants under black satin 

cloth, whereas minimum flower size was recorded in plants under tarpaulin (5.11 cm). 

Among the cultivars, maximum flower size was recorded in ‘White Star’ (6.99 cm), whereas 

minimum flower size was observed in ‘Well Spring White’ (2.94 cm). 

 

Maximum cut stem weight was obtained from plants covered with HDPE (high 

density polyethylene) (24.07 g) while minimum stems weight was recorded in case of plants 
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under black satin cloth (22.19 g). Among the cultivars maximum cut stem weight was 

observed in ‘White Star’ (24.16 g), whereas minimum stem weight was seen in ‘Purnima’ 

(21.92 g). 

 

Maximum flower weight per plant was obtained from plants covered with HDPE 

(high density polyethylene) (122.98 g) while minimum flower weight was recorded in case 

of plants under black satin cloth (64.38 g). Among the cultivars maximum flower weight was 

observed in ‘Apricot Parasol’ (103.58 g), whereas minimum flower weight was seen in ‘Well 

Spring White’ (86.01 g). 

 

Maximum vase life (4.84 days) was recorded in cut stems produced from plants where 

HDPE was used as covering material. In contrast, minimum vase life was recorded under 

black satin cloth (3.95 days). Among the different cultivars belonging to standard groups, 

cultivar ‘White Star’ (5.07 days) recorded maximum vase life. In contrast, minimum vase life 

of 3.67 days was recorded in ‘Purnima’. 

 

Maximum shelf life of loose flowers (2.62 days) was recorded in plants where 

tarpaulin was used as covering material. In contrast, minimum duration of shelf life was 

recorded under black satin cloth (1.86 days). Among the different cultivars belonging to spray 

groups, flower of cultivar ‘Well Spring White’ (2.51 days) recorded maximum shelf life. In 

contrast, minimum shelf life of 2.45 days was recorded in ‘Apricot Parasol’. 

 

CONCLUSION:  
 

Out of three covering materials studied, the utilization of High-Density Polyethylene 

(HDPE) covering for chrysanthemum cultivars demonstrated optimal outcomes in terms of 

plant height (56.47 cm), plant spread (37.34 cm), the highest number of cut stems (3.69), 

earliest flower bud formation (49.41 days), and flowering initiation (110.74 days). 

Consequently, based on the present study, it can be inferred that HDPE serves as a superior 

alternative to tarpaulin for off-season chrysanthemum flower production, applicable to both 

standard and spray cultivars. Among the eight cultivars evaluated—'White Star,' 'Yellow 

Star,' and 'Purnima' in the standard group, and 'Surf,' 'Apricot Parasol,' and 'Well Spring 

White' in the spray group were found suitable for off season flower production under low hills 

conditions of H.P. Cultivars ‘Snow Ball’ and ‘Yellow Button’ did not flower.  Black satin 

cloth produced ineffective in inducing off season flower production in almost all of the 

cultivars. Whereas further studies can be done to identify better performing cultivars for off 

season flower production in low hills of H.P by using HDPE.  
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APPENDIX I 
 

Meteorological data on monthly basis for the period January 2022 to July 2022 

and January 2023 to July 2023 of RHR&TS Dhaulakaun 
 

Months 
Temperature (℃) Rainfall  

(mm) 

RH  

(%) Maximum Minimum Mean 

January, 2022 15.8 11.0 13.49 71.0 85.9 

February, 2022 21.2 13.0 14.16 87.0 72.9 

March, 2022 30.4 20.8 16.61 0.0 59.5 

April, 2022 37.6 19.0 22.39 0.0 46.3 

May, 2022 36.2 21.0 25.34 37.3 62.0 

June, 2022 37.0 23.7 17.51 267.4 59.0 

July, 2022 31.7 22.3 16.94 452.0 83.4 

January, 2023 16.51 7.50 13.61 2.37 98.42 

February, 2023 24.19 10.03 13.54 0.13 98.43 

March, 2023 26.61 13.59 17.16 3.03 98.39 

April, 2023 32.55 16.22 20.00 1.13 79.13 

May, 2023 35.15 20.27 24.68 3.06 70.52 

June, 2023 36.30 24.12 17.73 7.02 84.60 

July, 2023 33.37 25.17 17.68 1100.3 95.48 
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APPENDIX II 
 

Analysis of Variance Table 2022  

 

Source of Variation  
Degree of 

Freedom 

Mean Sum of Square 

Plant height Plant spread Side Shoots Chlorophyll 

Factor A 3 47.386 10.811 1.429 0.005 

Factor B 7 3,972.274 502.275 571.252 1.186 

Interaction A X B 21 27.048 14.991 2.411 0.011 

Error 64 10.880 5.861 0.673 0.024 
 

Analysis of Variance Table 2022  
 

Source of Variation  
Degree of 

Freedom 

Mean Sum of Square 

Days to 

coloured 

flower bud 

Days to 

Harvest 

No of short 

days to 

colour bud 

Flower Size Flower 

weight 

Number of 

flowers 

Vase 

life/shelf life 

Factor A 5 1173.311 1358.897 1180.077 23.859 170.427 3841.609 24.295 

Factor B 3 1453.930 1059.429 1466.916 .304 .952 49.210 2.942 

Interaction A X B 9 3.758 6.972 3.905 .469 1.085 20.833 1.145 

Error 36 .381 2.945 .396 .056 .359 1.146 .086 
 

Analysis of Variance Table 2023  

 

Source of Variation  
Degree of 

Freedom 

Mean Sum of Square 

Plant height Plant spread Side Shoots Chlorophyll 

Factor A 3 9.415 9.099 2.390 0.005 

Factor B 7 4,924.651 781.961 343.004 1.382 

Interaction A X B 21 8.287 7.127 1.207 0.007 

Error 64 3.551 2.502 1.456 0.026 
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Analysis of Variance Table 2023  
 

Source of Variation  
Degree of 

Freedom 

Mean Sum of Square 

Days to 

coloured 

flower bud 

Days to 

Harvest 

No of short 

days to 

colour bud 

Flower Size Flower 

weight 

Number of 

flowers 

Vase 

life/shelf life 

Factor A 5 1194.612 1165.228 1212.873 25.907 140.647 3732.952 18.577 

Factor B 3 1528.358 1178.290 1651.501 .083 .247 58.200 .296 

Interaction A X B 9 5.618 49.495 3.645 .183 .088 28.802 0.56 

Error 36 3.361 27.238 .842 .043 .419 2.910 0.87 
 

Analysis of Variance Table pooled  
 

Source of Variation  
Degree of 

Freedom 

Mean Sum of Square 

Plant height Plant spread Side Shoots Chlorophyll 

Factor A 3 19.858 1.532 1.250 0.000 

Factor B 7 4,362.932 629.616 443.521 1.276 

Interaction A X B 21 8.845 6.282 0.743 0.004 

Error 64 4.013 2.088 0.628 0.011 
 

Analysis of Variance Table pooled  
 

Source of Variation  
Degree of 

Freedom 

Mean Sum of Square 

Days to 

coloured 

flower bud 

Days to 

Harvest 

No of short 

days to 

colour bud 

Flower Size Flower 

weight 

Number of 

flowers 

Vase 

life/shelf life 

Factor A 5 1183.508 1251.583 1195.809 26.429 155.059 3155.735 23.740 

Factor B 3 1488.916 1115.604 1557.185 .087 .504 317.746 .325 

Interaction A X B 9 4.323 17.754 3.705 .100 .371 237.094 .103 

Error 36 1.129 7.885 .472 .028 .215 1.124 .048 
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APPENDIX III 

1. Cost of cultivation of different chrysanthemum cultivars for off season flower production 

under low Hills of HP on an area of 200m
2 
Covered with HDPE 

 

Sr.  

No. 
Particulars/Items Quantity required Cost/unit 

(Rs) 
Total cost 

(Rs) 

A. Fixed cost 

1. Rental value of poly  house 200m
2
for6 

months 
Rs 

5000/100m
2
/year 

5,000.0 

2. Farm Yard Manure 750 kg 1.5/kg 1125.0 

3. Urea 9.75 kg Rs380/50kg 74.1 

4. Single Super Phosphate 28.1 kg Rs556/50kg 312.0 

5. Muriate of Potash 7.5 kg Rs780/50kg 147.00 

 Plant protection 
materials 

   

 i.Spike         50 g(Twice) Rs200/100g 200 
 ii.Bavistan/(SAAF)   250g Rs 190/250g 190 

6. Staking material    

 Bamboo sticks  - - 500.0 

  Cladding materials (HDPE) 

Considering total life span of 

10 years  

             974m
2
 Rs75/m

2
 3652.0 

 Total   11,199 
B. Variable cost 

Sr.No Particulars Quantity required Cost/unit(Rs) Total cost(Rs) 

1. Planting material    

 Cultivars              2040 Rs2.5/cutting 5,100.00 

2. Labour cost    

 i.Land preparation 
(Ploughing through 

power tiller) 

         1 hour 200/hour 200.00 

 ii. Layout, preparation of 

beds, incorporation of 

FYM, Basal 

application of 

fertilizers, planting, 
irrigation and staking 

 

 
      2man-days 

 

 
420/man-day 

 

 
840.0 

 iii. Labour cost for irrigation, pinching, weeding, hoeing, disbudding and deshooting 
  10 man-days      420/man-day 4200.0 
 Total   10,340 

C. Transportation cost 
(400 cut stems/box) 

Number of boxes Cost/box(Rs) Totalcost 

 White Star 17 box 300/box 5100.0 
 Yellow Star 18 box 300/box 54,00.00 
 Purnima 12 box 300/box 3600.0 
 Surf 6 gunny bags 300/bag 1800.0 
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 Apricot Parasol 5 gunny bags 300/bag 1500.0 
 Wellspring White  3 gunny bags 300/bag 900.0 

D. Cost of box No of boxes Rate/box(Rs) Total cost(Rs) 
 White Star 17 80/box 1360.0 
 Yellow Star 18 80/box 1440.0 
 Purnima 12 80/box 960.0 
 Surf 6 gunny bags 30/bag 180.0 
 Apricot Parasol 5 gunny bags 30/bag 150.0 
 Wellspring White  3 gunny bags 30/bag 90.0 
 Total cost of boxes/bags 

and transportation  

   

 White Star 5100.0 1360.0 6460.0 
 Yellow Star 54,00.00 1440.0 6840.0 
 Purnima 3600.0 960.0 4560.0 
 Surf 1800.0 180.0 1980.0 
 Apricot Parasol 1500.0 150.0 1650.0 
 Wellspring White  900.0 90.0 990.0 

E Total cost of expenditure(A+B) 
  Fixed cost and 

Variable cost 

Transportation 

cost and cost of 

boxes/bags 

Total cost (Rs) 

 White Star 21539 6460.0 27999.0 
 Yellow Star 21539 6840.0 28379.0 
 Purnima 21539 4560.0 26099.0 
 Surf 21539 1980.0 23519.0 

 Apricot Parasol 21539 1650.0 23189.0 
 Wellspring White  21539 990.0 22529.0 

F Gross returns 
 Cultivars Cut flower yield 

(Number of cut 
stems) 

Cost/cut  stem 

(Rs) 
Gross returns 

(Rs) 

 White Star 6824 Rs12/cut stem 81888.0 
 Yellow Star 7290 Rs12/cut stem 87480.0 
 Purnima 4941 Rs12/cut stem 59292.0 
 Surf 284kg Rs250/kg 71000.0 
 Apricot Parasol 246kg Rs250/kg 61500.0 
 Wellspring White  215kg Rs250/kg 53750.0 

G. Net return 

 White Star 81888.0 27999.0 81888-27999=53889 

 Yellow Star 87480.0 28379.0 87480-28379=59101 

 Purnima 59292.0 26099.0 59292-26099=33193 

 Surf 71000.0 23519.0 71000-23519=47481 

 Apricot Parasol 61500.0 23189.0 61500-23189=38311 

 Wellspring White  53750.0 22529.0       53750-22529=31221  
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 Benefit cost ratio (Cost of Cultivation Gross  returns/Total cost) for HDPE 

CV Cost of Cultivation Gross Return Net Return B:C Ratio 

White Star 27999.0 Rs 81888.0 Rs 53889.0 1.92 

Yellow Star 28379.0 Rs 87480.0 Rs 59101.0 2.08 

Purnima 26099.0 Rs 59292.0 Rs 33193.0 1.27 

Surf 23519.0 Rs 42600.0 Rs 47481.0 2.01 

Apricot Parasol 23189.0 Rs 36900.0 Rs 38311.0 1.65 

Well Spring White 22529.0 Rs 32250.0 Rs 31221.0 1.38 

  

2.  Cost of cultivation of different chrysanthemum cultivars for off season flower production 

under low Hills of HP on an area of 200 m
2 
Covered with Tarpulin

 

 

Sr.No Particulars/Items Quantity required Cost/unit 
(Rs) 

Total cost 
(Rs) 

A. Fixed cost 

1. Rental value of poly  house 200m
2
for6 

months 
Rs 

5000/100m
2
/year 

5,000.0 

2. Farm Yard Manure 750 kg 1.5/kg 1125.0 

3. Urea 9.75 kg Rs380/50kg 74.1 

4. Single Super Phosphate 28.1 kg Rs556/50kg 312.0 

5. Muriate of Potash 7.5 kg Rs780/50kg 147.00 

 Plant protection 
materials 

   

 i.Spike         50 g(Twice) Rs200/100g 200 
 ii.Bavistan/(SAAF)   250g Rs 190/250g 190 

6. Staking material    

 Bamboo sticks  - - 500.0 

  Cladding materials 

(Tarpaulin) 

Considering total life span of 

10 years  

             974m
2
 Rs100/m

2
 4850.0 

 Total                 12398 
B. Variable cost 

Sr.No Particulars Quantity required Cost/unit(Rs) Total cost(Rs) 

1. Planting material    

 Cultivars              2040 Rs2.5/cutting 5,100.00 

2. Labour cost    

 i.Land preparation 
(Ploughing 

through power 

tiller) 

         1 hour 200/hour 200.00 

 ii. Layout, preparation of 

beds, incorporation of 

FYM, Basal 

application of 

fertilizers, planting, 
irrigation and staking 

 

 
      2 man-days 

 

 
420/man-day 

 

 
840.0 
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 iii. Labour cost for irrigation, pinching, weeding, hoeing, disbudding and de shooting 
  10 man-days      420/man-day 4200.0 
 Total                   10,340 

C. Transportation cost 
(400cutstems/box)50kg 

gunny bag  

Number of boxes Cost/box(Rs)             Total cost 

 White Star 13 box 300/box 3900 
 Yellow Star 15 box 300/box 4500 
 Purnima 11 box 300/box 3300 
 Surf 4 gunny bags 300/bag 1200 
 Apricot Parasol 3 gunny bags 300/bag 900 
 Wellspring White  3 gunny bags 300/bag 900 

D. Cost of box No of boxes Rate/box(Rs) Total cost(Rs) 
 White Star 13 box 80/box 1040 
 Yellow Star 15 box 80/box 1200 
 Purnima 11 box 80/box 880 
 Surf 4 gunny bags 30/bag 120 
 Apricot Parasol 3 gunny bags 30/bag 90 
 Wellspring White  3 gunny bags 30/bag 90 
 Total cost of boxes/bags 

and transportation 

   

 White Star 3900 1040 4940 
 Yellow Star 4500 1200 5700 
 Purnima 3300 880 4180 
 Surf 1200 120 1320 
 Apricot Parasol 900 90 990 
 Wellspring White  900 90 990 

E. Total cost of expenditure(A+B) 
  Fixed cost and 

Variable cost 

Transportation cost 

and cost of boxes/bags 

Total cost (Rs) 

 White Star 22738 4940 27678 
 Yellow Star 22738 5700 28438 
 Purnima 22738 4180 26918 
 Surf 22738 1320 24058 
 Apricot Parasol 22738 990 23728 
 Wellspring White  22738 990 23728 

F. Gross returns 
 Cultivars Cut flower yield 

(Number of cut 
stems) 

Cost/cut  stem 

(Rs) 
Gross returns 

(Rs) 

 White Star 5204 Rs12/cut stem 62448.0 
 Yellow Star 6277 Rs12/cut stem 75324.0 
 Purnima 4232 Rs12/cut stem 50784.0 
 Surf 187kg Rs250/kg 46750.0 
 Apricot Parasol 172kg Rs250/kg 43000.0 
 Wellspring White  165kg Rs250/kg 41250.0 
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G. Net return 
 White Star 62448.0 27678 34770 
 Yellow Star 75324.0 28438 46886 
 Purnima 50784.0 26918 23866 
 Surf 46750.0 24058 22692 
 Apricot Parasol 43000.0 23728 19272 
 Wellspring White  41250.0 23728 17522 
 Benefit cost ratio(Cost of Cultivation Gross  returns/Total cost) for Tarpaulin 

CV Cost of 

Cultivation 

Gross Return Net Return B:C Ratio 

White Star 27678 62448.0 34770 1.25 

Yellow Star 28438 75324.0 46886 1.64 

Purnima 26918 50784.0 23866 0.88 

Surf 24058 28050.0 22692 0.94 

Apricot Parasol 23728 25800.0 19272 0.81 

Wellspring White  23728 24750.0 17522 0.73 
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