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ABSTRACT
Chrysanthemum is an herbaceous perennial flowering plant that belongs to the Asteraceae family, extensively grown all over the world. Hence, an experiment was carried out to assess the response of rooting hormone on the rooting and shooting capacity of chrysanthemum cuttings under different growing media at Tehrathum, Nepal during the year 2024. Further, the experiment was carried out in a Completely Randomized Design, with two factorial designs that are rooting hormone and rooting media. As a consequence, a significance difference was observed in the rooting and shooting capacity of chrysanthemum cuttings in which rooting hormone, IBA with the concentration of 400ppm showed the best result, now that it was observed with the maximum number of roots in 29DAP (11.51), maximum length of roots (2.73cm) in 29DAP, higher leaf number (1.81) in 15 DAP, maximum leaf length (2.35cm) in 29 DAP. In like manner media composition of Soil, Sand, and Cocopeat in the ratio of 1:1:1 was observed with maximum root length (2.23cm) at 29DAP. Therefore, this study concludes that IBA as rooting hormone and the composition of Soil, Sand, and Cocopeat as media proved to be the best combination for the success of terminal Chrysanthemum cutting.
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[bookmark: _Toc174611416][bookmark: _Toc177918805][bookmark: _Toc177930099][bookmark: _Toc177930916][bookmark: _Toc178617313]1.1 Research background
Chrysanthemum is an herbaceous perennial flowering plant belonging to the Asteraceae family extensively grown all over the world for its beautiful, charming flowers with an excellent vase life. Chrysanthemum is derived from two Greek words chrysos-golden and anthemon-flower (Bhatt et al.,2017). It is also known as the divas or ‘queen’ of autumn gardens and is valued both as a landscape plant as well as a potted plant (El-Banna et al., 2023). In many countries, it is cultivated as a cut flower crop for commercial purposes (Haq et al., 2023). After rose and carnation, it is the third commercially important cut flower and the fifth as pot plant (Bhatt et al., 2017). It is a cosmopolitan flower with a wide range of types, sizes, and colors. 
Plant propagation is a vital part in both the horticultural and agricultural industries. Even with the introduction of several propagation techniques (sexually and asexually), vegetative propagation by ‘cuttings’ is the majority preferred method for many plant species due to its luxuriant growth, accessibility, and inexpensive asexual techniques. It restores the quality of the mother plant leading to more uniform plants. For this reason, vegetative propagation is commonly used to produce the best and true to type plants in chrysanthemums (El-Banna et al., 2023). 
 Increase in the demand of ornamental flower-shows the need for a suitable growing medium to grow on to meet the desired quantity (Tanya & Grewal, 2019). Bhatt et al. (2017) stated that a best growing medium should have proper aeration, optimum water holding capacity and adequate amount of nutrition supply. Consequently, presence of sufficient nutrition, good water holding capacity and porosity a of media increases the root and shoot growth which ultimately, leads to good harvest increasing yield of the crop. 
[bookmark: _Toc174611417][bookmark: _Toc177918806][bookmark: _Toc177930100][bookmark: _Toc177930917][bookmark: _Toc178617314]Different rooting hormones are available naturally and artificially, among all the rooting hormones present auxins are commonly used for promoting rooting of the cuttings. The commonly used auxins are Indole Butyric Acid (IBA), Naphthalene Acetic Acid (NAA) and Indole Acetic Acid (IAA). The use of auxin aims to hasten root initiation, increase the rooting percentage, and increases in the formation of number of roots (Patil et al., 2022). IBA and NAA used to induce rooting that has been practiced since earlier time to ensure success of rooting in cutting and better establishment of plants (Kaushik et al., 2020).
1.2 Research problem
· Chrysanthemum propagated through root suckers produce tall plants making unsuitable for ornamental purpose.
· Terminal cuttings without the use of any root inducing hormone have low rate of propagation.
· Without a proper medium to grow terminal cuttings do not propagate.

[bookmark: _Toc177930918]1.3 Significance of research
· This study helps in the assessment of the appropriate rooting hormone with concentration to avoid the failure of terminal cuttings propagation. 
· This study helps in assessment of the appropriate rooting media to grow the terminal cuttings to enhance rooting and shooting percentage.

[bookmark: _Toc174611426][bookmark: _Toc177918815][bookmark: _Toc177930109][bookmark: _Toc177930930][bookmark: _Toc178617327]2. MATERIALS AND METHOD
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The experiment was carried out in the Tehrathum district Myanglung-3 municipality in the eastern hills of Nepal year 2081. This place is with Sub-tropical climate where average temperature is 28 °C where annual rainfall in this area is reported as 250-300 cm. The location is at 27°7ˈ36ˈˈ N ,87°32ˈ12ˈˈ E with an elevation of 1843 meters above sea level.
[bookmark: _Toc177985129][image: ]   Figure 1: Administrative map of Tehrathum, Myanglung municipality.
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The experimental setup of this study was two factorial Completely Randomized Designs (CRD) with two factors i.e. rooting media (M) and rooting hormone (T) in which the terminal cuttings of 8 cm were planted in a polybag with altogether 20 cuttings in a polybag.
Treatment details
· M1: Soil
· M2: Sand
· M3: Soil+ Sand+ Cocopeat
· T1: IBA
· T2: NAA
· T3: Control

	M2T1
	M3T1
	M2T3
	M3T2
	M2T1
	M2T2
	M1T3
	M2T3
	M1T2

	M3T1
	M3T3
	M1T2
	M2T2
	M3T2
	M1T1
	M2T3
	M3T2
	M1T3

	M2T1
	M1T1
	M3T1
	M3T3
	M1T2
	M2T2
	M1T3
	M3T3
	M1T1


[bookmark: _Toc177985130]Figure 2: Arrangement of polybags in CRD design.
[bookmark: _Toc178540369]Table 1 : Showing experimental details
	Media/Hormone
	IBA (T1)
	NAA (T2)
	Control(T3)

	Soil (M1)
	M1T1
	M1T2
	M1T3

	Sand (M2)
	M2T1
	M2T2
	M2T3

	Sand+ Soil+ Cocopeat (M3)
	M3T1
	M3T2
	M3T3



[bookmark: _Toc174611429][bookmark: _Toc177918818][bookmark: _Toc177930112][bookmark: _Toc177930933][bookmark: _Toc178617330]2.3 Observation variables
· Number of roots: Destructive sampling method was followed for counting the number of roots first after 15 days of plantation likewise second and third after seven days of first and second day of data collection, that is 22 and 29 days after plantation as stated by (Owusu& Kuavedzi, 2020). Lastly, the average of the three samples taken at once was calculated and recorded on Excel.
· Root length: Once the sample was selected it was uprooted and then root length was measured using a scale of 15cm first in the day 15 days after plantation (DAP), second and third at 7 days intervals of first and second data collection and average was calculated from 3 samples and recorded in excel.
· Number of new leaves: Newly formed leaves were identified coming from the tip part and recorded after 15,22,29 days after plantation and the average of the 3 sample was done and recorded in excel.
· Leaf length: Leaf length was also measured by using a scale of 15cm long and the average was calculated of the taken 3 samples after 15,22,29 days after plantation and recorded it in excel. 
· Hormonal preparation: Indole butyric Acid of 400ppm and NAA of 200ppm was prepared by making the solution of IBA 40mg in 100ml distilled water and for 200ppm 20mg of NAA powder in 100ml distilled water. 
2.4 Data Analysis:
             All the Statistical data were analyzed by using Microsoft Excel and R-Stat(Version 4.4.1)
  
[bookmark: _Toc177930935][bookmark: _Toc178617332]3. RESULT AND DISCUSSION 
[bookmark: _Toc177930936][bookmark: _Toc178617333]3.1 Number of roots:
The analysis of variance of data illustrated that there was no significant difference on number of roots on the media composition (Table 2). This result was supported by Albana’a et al. (2015) who stated that there was no significant difference on the media investigated on root numbers of Bougainvillea spectabilis.
The analysis of variance of data illustrated that there was significant difference on number of roots on the rooting hormone used (Table2). In the same way, after 29 DAP there was significant difference on the root number where IBA treated cuttings was observed with maximum number of roots as (11.51) and the lowest root number was found on control with the root number (5.74) on 29 DAP. Furthermore, the maximum number of roots per cutting under optimum concentration of IBA may lead to the increase in rate of respiration which accumulates higher level of amino acids at their bases in the auxin treated cuttings than untreated cuttings. Similarly, nitrogenous substances which are accumulated in the basal part of treated cuttings apparently are mobilized in the upper part and translocated as asparagine as reported by Bauri et al. (2017) which might be the cause of maximum number of roots under IBA treated cuttings. 
[bookmark: _Toc178540370]Table 2: Response of rooting media and hormone on number of roots.
	Media
	Number of roots

	
	15DAP
	22DAP
	29DAP

	1. Soil
	1.81±0.14 (5.66)
	9.11±0.12
	9.62±2.30

	2. Sand
	1.47±0.14 (3.59)
	7.55±0.25
	9.52±1.35

	3. Soil + Sand + Cocopeat
	1.83±0.18 (2.77)
	7.77±0.14
	6.22±1.45

	LSD
	0.60 ns
	4.02 ns
	5.36 ns

	Hormone
	
	
	

	1.IBA
	1.83±0.17
	8.29±0.21
	11.51±1.36a

	2.NAA
	1.59±0.17
	8.00±0.19
	08.11±1.69ab

	3.Control
	1.69±0.15
	8.14±0.19
	05.74±1.53b

	LSD
	0.60 ns
	4.02 ns
	5.36 *

	Mean
	1.70
	8.14
	8.45

	CV (%)
	27
	18
	58


*Statistically significant at p<0.05, CV: Coefficient of Variance, DAP: Days After Plantation, LSD: Least Significance Difference, ns: non-significant.

[bookmark: _Toc177930937][bookmark: _Toc178617334]3.2 Length of roots:
 The analysis of the variance of data illustrated that there was a significant difference in the length of roots on media composition (Table 3). The mixture of Soil + Sand + Cocopeat in the ratio of 1:1:1 was observed with the highest average length of roots (2.23cm) at 29DAP considering that the cocopeat and soil take the responsibility for the moisture availability and nutrition supply to the plant in other hand aeration provided by sand might have resulted in maximum plant spread (Bharati & Nair., 2015). Similarly, cocopeat can hold large quantities of water just like a sponge for this reason the moisture in smaller pores serves not only for metabolic activities but all also provides sufficient humidity to avoid excessive transpiration and destructive temperature fluctuation that may happen in the rhizosphere (Muraleedharan et al., 2020). 
The analysis of variance of data illustrated that there was significant difference on length of roots on hormonal treatment in which IBA treated cutting was observed with maximum length of roots on 29DAP (2.73cm) (Table 3) which was supported by Kaur (2014) for observed on the rooting and growth performance of hardwood cuttings of Peach who stated that IBA promotes the cell elongation which helps in increase in root length ; because, certain level of endogenous auxin is already present in the cuttings, thus, treated cuttings with IBA could optimize the auxin level in the cutting and consequently improves the rooting percentage. 


[bookmark: _Toc178540372]Table 3: Response of rooting media and hormone on length of roots
	Media
	Length of roots (Cm)

	
	15DAP
	22DAP
	29DAP

	1.Soil
	0.61±0.04
	1.32±0.15
	2.05±0.54ab

	2.Sand
	0.51±0.04
	0.97±0.11
	1.13±0.30b

	3.Soil+ Sand + Cocopeat
	0.62±0.03
	1.24±0.10
	2.23±0.33a

	LSD
	0.13 ns
	0.42 ns
	1.13 *

	Hormone
	
	
	

	1.IBA
	0.66±0.03a
	1.39±0.16
	2.73±0.38a

	2.NAA
	0.54±0.03ab
	1.05±0.10
	1.53±0.33b

	3.Control
	0.53±0.04b
	1.81±0.09
	1.26±0.37b

	Mean
	0.57
	1.17
	1.84

	LSD
	0.13*
	0.42 ns
	1.13 **

	CV (%)
	20
	28
	31


**Statistically significant at p<0.01, *Statistically significant at p<0.05, CV: Coefficient of Variance, LSD: Least Significance Difference, ns: non-significant.

[bookmark: _Toc177930938][bookmark: _Toc178617335]3.3Number of new leaves
The analysis of variance of data illustrated that there was no any significant difference on a number of new leaves on media composition (Table 4) which was supported by Albana et al. (2015) given that they stated that the number of branches and leaves per cutting did not differ significantly in all the media investigated. Moreover, Alikhani et al. (2011) also reported that there was no any significant difference of media on a number of leaves.
The analysis of variance of data illustrated that there was a significant difference on number of new leaves on the hormonal treatment (Table 4) in which the IBA-treated cutting was observed with a higher number of new leaves of (1.81) at 15 DAP; since this may be due to the fact that IBA produced healthy lengthy roots which helps in absorption of more nutrients and water contents that resulted in higher number of leaves produced by the plant. By the same token, these results are in conformity with the findings of (Kaur, 2014). On the other hand, NAA provided an inferior number of new leaves at 15 DAP which was supported by Abbas et al. (2013) who stated that maximum branches per plant were recorded in 400ppm NAA concentration followed by 300ppm while the minimum was observed at 200ppm. This concludes that increase in leaves per plant was observed with increase in NAA concentration.



[bookmark: _Toc178540374]Table 4: Response of rooting media and hormone on number of new leaves
	Media
	New leaves

	
	15DAP
	22DAP
	29DAP

	1.Soil
	1.22±0.38
	1.25±0.12
	1.48±0.81

	2.Sand
	1.14±0.21
	1.40±0.15
	1.56±0.90

	3.Soil +Sand + Cocopeat
	1.62±0.15
	1.37±0.12
	1.62±0.98

	LSD
	0.81 ns
	0.40 ns
	0.59 ns

	Hormone
	
	
	

	1.IBA
	1.81±0.27a
	1.44±0.08
	1.51±0.04

	2.NAA
	1.00±0.15b
	1.37±0.15
	1.55±0.12

	3.Control
	1.18±0.24ab
	1.22±0.15
	1.59±0.12

	LSD
	0.81*
	0.40 ns
	0.59 ns

	Mean
	1.33
	1.34
	1.55

	CV (%)
	17
	22
	31


*Statistically significant at p<0.05, CV: Coefficient of Variance, DAP: Days After Plantation, LSD: Least Significance Difference, ns: non-significant.
[bookmark: _Toc177930939][bookmark: _Toc178617336]3.4 New leaf length
[bookmark: _Toc178617337]The analysis of variance of data illustrated that there was not any significant difference on new leaf length by the media composition (Table5).
The analysis of variance of data illustrated that there was significant difference on new leaf length on hormonal treatment (Table 5): IBA treated cutting was observed with maximum number of new leaf length with length of (2.35cm) at 29DAP. Besides this result was supported by Gama et al. (2019) where they stated that same concentration of IBA resulted maximum number of new leaves basically a greater number of new leaves means more surface area for photosynthesis leading to produce more assimilates which increases metabolic processes which is responsible for shoot proliferation.
[bookmark: _Toc178540376]Table 5: Response of rooting media and hormone on new leaf length
	Media
	New leaf length (Cm)

	
	15DAP
	22DAP
	29DAP

	1.Soil
	0.78±0.05
	1.39±0.15
	1.53±0.12

	2.Sand
	0.94±0.09
	1.59±0.09
	1.56±0.26

	3.Soil + Sand+ Cocopeat
	0.99±0.07
	1.53±0.06
	2.10±0.16

	LSD
	0.41ns
	0.76ns
	0.89ns

	Hormone
	
	
	

	1.IBA
	0.99±0.10
	1.52±0.09
	2.35±0.28a

	2.NAA
	0.91±0.05
	1.63±0.04
	1.41±0.14b

	3.Control
	0.80±0.06
	1.37±0.11
	1.44±0.14b

	LSD
	0.41 ns
	0.76 ns
	0.89*

	Mean
	0.90
	1.51
	1.73

	CV (%)
	18
	19
	36


*Statistically significant at p<0.05, CV: Coefficient of Variance, DAP: Days After Plantation, LSD: Least Significance Difference, ns: non-significant.
[bookmark: _Toc178617338][bookmark: _Toc177930940]4. CONCLUSION
This research was carried out to understand the response of rooting hormone on rooting and shooting capacity of Chrysanthemum cuttings under different growing media at Tehrathum, Nepal which was performed in month of July 20224 in a Completely Randomized Design with two factors: rooting hormone and rooting media. Likewise, observation was made for a number of roots, roots length, number of new leaves, and leaves length. Further, all the observation variables were found statistically significant with the rooting hormone, root length was found to be statistically significant with rooting media though the number of roots, number of new leaves, and leaf length were statistically non-significant with rooting media. In summary, cuttings treated with IBA with a concentration of 400 ppm produced a greater number of roots (11.51), root length (2.73cm), number of new leaves (1.81), and leaf length (2.35cm), and composition of soil+ sand + cocopeat was observed with the maximum number of length of roots (2.23cm). Therefore, it was concluded that cuttings treated with IBA with a concentration of 400 ppm produced a greater number of roots, root length, number of new leaves and leaf length, and composition of soil+ sand + cocopeat was observed with the maximum number of lengths of roots. As a result, terminal cuttings of Chrysanthemum cuttings should be treated with IBA with a concentration of 400ppm as well as planted in soil + sand cocopeat media for successful vegetative propagation as a result avoiding the chance of failure.
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