


Investigating the Best Growth Medium for Dragon Fruit Propagation (Hylocereus polyrhizus)


Abstract
The evolution of a suitable plant growing media is needed to intercept sustainability concerns related to the horticultural plant production process. Unorthodox growing media constituents with unique physicochemical properties are currently used without knowing about their effect on microbial activity which play an important role in plant growth and development. The impact of different growing media on the performance of dragon fruit (Hylocereus polyrhizus) cuttings was assessed using randomized block statistical design of experiments with a significance level of p < 0.05 in a research study conducted at the horticultural experimental area, Khalsa College Amritsar during 2022-23. To analyze the significant effect for the growth of cuttings sixteen treatments such as soil, sand, vermicompost, cocopeat, sawdust and their combinations with soil were assayed.  Morphological parameters like sprouting, plant height, fresh and dry shoot and root weight were measured. Results indicated that using vermicompost combined with soil (50 % for each) proved to be the best for the sprouting and survival of the cuttings along with the most vegetative growth parameters in terms of  plant height,  shoot  and root length, diameter  and weight on fresh and dry basis where as the media combination of soil and vermicompost increased the primary and secondary root formation respectively. Hence our results showed that vermicompost when added to soil possesses the potential for improving the dragon fruit plant characters. However, it appears to be marked differences between vermicompost and other media in terms of their nutrient content and their effects on the plant growth.	Comment by Planet: Please write why you choose this study or why this study is important. 	Comment by Planet: Add values in bracket	Comment by Planet: Add values in bracket
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Introduction
Among exotic fruits dragon fruit (Hylocereus spp.) is a superior exotic fruit with cultivation benefits and marketing potential in Indian markets (Wakchaureet al 2023). It is a  perennial climbing cactus has a triangular, green, fleshy stem belongs to family Cactaceae and genus Hylocereus (Hossain et al 2021) and is known by various names, including Thang loy, Pitajava, Tuna, Pitajaya, Junco, and Tasajo and  also nicknamed as Pitaya, Strawberry Pear, Night blooming cereus, Belle of the night, Conderella plant and Chintapalli. Its English vernacular name, Hylocereus polyrhizus, refers to its prominent scaly spikes on the fruit's exterior (Minz et al 2021). Dragon fruit is an evergreen vine of 1.5 to 2.5 m height with three winged green stems, branched segments with wavy wings and spines. Aerial roots are grown on the underside of the stem which on absorption of water keep the stem on vertical surface (Crane and Balerdi 2005; Merten 2003). Dragon fruit has functional, antiradical, anti-proliferative, and nutraceutical properties  including vitamins, minerals, complex carbohydrates, antioxidants, and dietary fibers (Wakchaureet al 2021). Consumption of dragon fruit promotes healthy gut bacteria growth and betacyanin (Liaotrakoon 2013) while also having low calories, zero cholesterol and higher antioxidants (Patel and Ishnava 2019). It also acts as a natural probiotic, stimulating the growth of microflora (Lactobacilli and Bifidobacteria) and suppressing the growth of gastro intestinal pathogens (Sonawane 2017). Dragon fruit is usually propagated through seed or cuttings. Although seed propagation is very simple but seeds are not true to type and loose their viability after a certain time span (Seran and Thiresh 2015). Propagation through cuttings leads to production of more plantlets with profuse shoots and roots (Zee et al 2004). According to Ghosh and Bera (2015) stem cuttings forms aerial roots which adhere to the surface upon which the vines are grown. Successful propagation of dragon fruit is attributed to the appropriate growing medium. It proved to be more effective for better growth of plants than single material (Shanker et al 2019). Beneficial effect of various growing media on growth of the plants through cuttings has been reported (Markosa et al 2018). Therefore, multiplication of dragon fruit cuttings can be done with an appropriate medium devoid of any fertilizer application (Singh and Kaur 2021).	Comment by Planet: What do you mean? Please elaborate and connect the sentence.	Comment by Planet: Please make it clearer on why you are conducting this study?
Materials and methods

Plant materials and growth conditions: The investigation was carried out during 2022-2023 at the horticultural experimental block Khalsa College, Amritsar. The experimental area is situated in central plains of Punjab at 31 0 61’ N latitude and 74 0 -92’ E longitude with an average elevation of 228.86 m above mean sea level representing  the sub-tropical humid climatic conditions with an annual rainfall of 735 mm. The soil of experimental field was sandy loam with good drainage and uniform texture with average NPK status. The dragon fruit cuttings were sourced from one year old healthy mother plants of cv. American Beauty growing at dragon fruit and nursery production at Village- Thullewal, Nangal (Barnala). The cuttings of dragon fruit (Hylocereus polyrhizus) were treated in different media viz. soil, sand, vermicompost, cocopeat, sawdust and mixtures at different ratios by volume basis.	Comment by Planet: Mention which flesh colour is this variety, as dragon fruit hasdifferent flesh and peel color, Polyrhizus is usually known for its red colour flesh and pink peel	Comment by Planet: Mention the length of cuttings taken	Comment by Planet: Please write wether cuttings were kept in open or protected conditions and mention environmental factors, and season of cuttings preparation and after care
Growth characters : To compare the growth of dragon fruit (Hylocereus polyrhizus) cuttings affected by different media, the days to sprout initiation , number of sprouts per cutting, plant height, average shoot  length, length of longest shoot, average shoot diameter, total chlorophyll, primary roots per cutting, secondary roots per cutting, root thickness, average root length, root volume , fresh and dry weights of shoots and roots per cutting , survival percentage after 120 days of planting were measured. 
Total chlorophyll (mg g-1): Reagent: Dimethyl sulphoxide (DMSO)
Tissue (0.1g) was taken and dipped in 5 ml DMSO solution. The samples were kept in water bath at 60-70˚C for 1 hr for pigment extraction. The absorbance was recorded at 645 and 663 nm wavelength using spectrophotometer and the total chlorophyll (mg g-1) was quantified by using following formulae:
	Total Chl =
	20.2 (A645) + 8.02 (A663) ×
	V

	
	
	1000×W


Survival percentage (%): The number of cuttings survived under each treatment in each replication was recorded and the survival percentage of cuttings was worked out with the help of following formula:
	Survival (%) =
	No. of cuttings survived
	×100

	
	Total no. of cuttings per treatment
	


Statistical analysis: The data regarding sprouting and growth parameters of cuttings were collected and processed in MS-Excel. The experimental treatments were laid out in a randomized complete block design. The statistical analysis of data which comprised of nine treatments and three  replications were analyzed by randomized complete block design using R studio software. Students test of least significance was calculated at the 5% level of and significance to compare treatment means by Duncan’s multiple range test.	Comment by Planet: Write the red highlighted paragraph in crisp manner
Results 
The growing media exhibited a significant effect (p≤0.05) on the average days to sprout initiation of cutting (Fig.1). Minimum (13.24) days to sprout initiation was noticed in soil+ vermicompost (1:1). Statistically analysed data (p≤0.05) depicted the vermicompost to be significantly superior with the highest 5.35 sprout formation per cutting. 	Comment by Planet: Use bracket 
Significantly the highest number of primary (11.33) and  secondary (230.11)  roots was produced in the plants grown from the cuttings in vermicompost substrate (Table 1). Rooting medium acts as one of the most important factor affecting the rooting of cuttings. The present study proved evidence regarding effect of the composition of the growth media on the rooting success of dragon fruit cuttings. The soil+ vermicompost (1:1) tended to produce the longer (27.44cm) roots (Fig.2- A), maximum (3.80 mm) root diameter, highest root volume (1.88cm3) , heaviest roots (2.66g) in terms of root fresh weight and maximum (0.84g) root dry weight (Fig.-B-D 2 B-D).
The data showed that the combination of  soil+ vermicompost (1:1) tended to produce the maximum  average (113.34) plant height, shoot length(23.07 cm) , longest (30.43cm) shoot, highest (24.85mm) average shoot diameter, heaviest shoot fresh weight (94.74g) and highest (14.24g) shoot dry weight of dragon fruit cuttings. 	Comment by Planet: Write after the word shoot
The results of the study showed that growing media has a significant effect (p≤0.05) on the survival of cuttings. All the plants from cuttings survived in all the growing media having a growth rate of 55-95%.Above 90% survivability was noticed in some of the growing media. The highest survival (95.91%) was noticed in the cuttings sown in the media combination of soil + vermicompost (1:1). The growing media had significant influence (p≤0.05) on the total chlorophyll content of dragon fruit cuttings. Maximum (0.92 mg g-1) was calculated in the cuttings planted under the growing media combination of soil+vermicompost (1:1).	Comment by Planet: You can elabiorate the result by mentioning the next best treatment


Fig.1.Days to sprout initiation  (A), and number of sprouts (B) of dragon fruit (Hylocereus polyrhizus) cuttings transplants in different types of growing media at 120 days . Vertical bars indicate standard errors of the means calculated by Duncan’s multiple range test at p ≤ 0.05.
Table 1.Effect of various growing media on root characteristics of dragon fruit cuttings
	Treatments
	Primary roots per cutting
	Secondary roots per cutting
	Root diameter(mm)

	T1 –Soil
	5.37±0.39f
	49.10±0.09h
	0.27±0.02h

	T2 –Sand
	7.24±0.30e
	86.09±0.08g
	2.05±0.03c

	T3-  Vermicompost
	11.33±0.29a
	230.11±0.09a
	2.94±0.03b

	T4- Cocopeat
	3.26±0.27g
	37.11±0.09i
	1.64±0.03d

	T5- Sawdust
	11.22±0.35a
	189.51±0.44b
	1.45±0.03e

	T6- Soil+ sand(1:1)
	9.17±0.18c
	127.17±0.15d
	2.09±0.02c

	T7- Soil+vermicompost (1:1)
	7.34±0.30e
	97.09±0.07f
	3.80±0.06a

	T8- Soil+ cocopeat (1:1)
	8.16±0.16d
	110.15±0.13e
	1.15±0.03f

	T9- Soil+sawdust (1:1)
	10.28±0.32b
	158.03±0.03c
	1.03±0.03g

	Mean
	8.15
	120.48
	1.82

	CD(p≤0.05)
	0.33
	0.54
	0.06


The subscript letters signifies that the treatments means with similar letters are not significantly different at 5% level of significance, while the means with different letters are significantly different at 5%level of significance. These letters have been affixed based on CD-value comparison of treatment means.

Fig.2 Average root length (cm) (A), root volume (cm3) (B) and root fresh  weight (g) and root dry weight (D) of dragon fruit (Hylocereus polyrhizus) cuttings transplants in different types of growing media at 120 days . Vertical bars indicate standard errors of the means calculated by Duncan’s multiple range test at p ≤ 0.05.
	Table 2.Effect of various growing media on average plant height (cm),shoot length(cm),length of longest shoot (cm) and shoot diameter (mm) of dragon fruit cuttings
	Treatments
	Plant height (cm)
	Average shoot length(cm)
	Length of longest shoot (cm)
	Average shoot diameter(mm)

	T1 –Soil
	96.54 ±0.24b
	18.37±0.10b
	29.44±0.39b
	21.74±0.02b

	T2 –Sand
	63.44 ±0.32f
	11.24±0.10g
	20.58±0.19f
	18.35±0.02e

	T3-  Vermicompost
	87.74 ±0.24d
	16.75±0.11d
	26.37±0.39d
	19.34±0.03d

	T4- Cocopeat
	51.50 ±0.16h
	8.29±0.03i
	18.48±0.08g
	21.06±0.03c

	T5- Sawdust
	59.73 ±0.29g
	10.49±0.15h
	20.33±0.34f
	15.55±0.04g

	T6- Soil+ sand(1:1)
	72.37 ±0.15e
	13.63±0.09f
	23.36±0.33e
	17.34±0.04f

	T7- Soil+vermicompost (1:1)
	113.34 ±0.29a
	23.07±0.07a
	30.43±0.41 a
	24.85±0.02a

	T8- Soil+ cocopeat (1:1)
	72.54 ±0.35e
	14.31±0.05e
	23.46±0.08e
	14.14±0.04i

	T9- Soil+sawdust (1:1)
	94.80 ± 0.15c
	17.30±0.06c
	28.23±0.23c
	14.95±0.03h

	Mean
	79.11
	14.83
	24.52
	18.59

	CD(p≤0.05)
	0.45
	0.16
	0.46
	0.45


The subscript letters signifies that the treatments means with similar letters are not significantly different at 5% level of significance, while the means with different letters are significantly different at 5%level of significance. These letters have been affixed based on CD-value comparison of treatment means.

Fig.3 Shoot fresh weight (g) (A) and shoot dry weight (g) (B) of dragon fruit (Hylocereuspolyrhizus) cuttings transplants in different types of growing media at 120 days . Vertical bars indicate standard errors of the means calculated by Duncan’s multiple range test at p ≤ 0.05.

Fig.4. Survival percentage (A) and Total chlorophyll (mg g-1) (B)of dragon fruit (Hylocereuspolyrhizus) cuttings transplants in different types of growing media at 120 days . Vertical bars indicate standard errors of the means calculated by Duncan’s multiple range test at p ≤ 0.05.

Discussion 
In the current study, Favourable compatible conditions provided by vermicompost might be the reason for earlier sprout initiation in cuttings as reported by Tani  et al (2021) in dragon fruit cuttings. Lesser days taken for sprout initiation due to vermicompost in guava and dragon fruit has also been revealed by Awasthi et al (2008) and Minz (2021) which is in agreement with the present findings. The higher organic matter in vermicompost resulting in the increased formation of nitro genic and phosphoric nutrients in the cells might have contributed to the more sprout formation (Sudarjatet al 2018). Good water holding capacity and high nutrient levels in the soil also accelerates the growth (Lopez-Bucio et al 2003;Norman et al 2005). The research results of Panchal et al (2014) in sapota, Rashmita et al (2016) in pear, Shah et al (2021) in grapes and Tani et al (2021) in dragon fruit revealed the increased sprout formation with vermicompost medium which supports the present research outcome.
Various factors such as oxygen, water and nutrient availability interacting within a rooting medium affect the rooting success roots (Alikhani et al 2011). It can be attributed to the congenial effect of the media. Combination of media supplemented with vermicompost increased porosity and looseness. Also better water holding and retention capacity to prevented desiccation of the cuttings due to increased aeration within the medium thus increasing length of root as reported by Sudarjatet al (2018) and Tani et al (2021) in dragon fruit cuttings. The root production with more diameter in soil supplemented with vermicompost can be attributed to the crumbled nature of growing media with nutrient availability resulting in root growth. The root acceleration leading to root vascular cambium formed the thickest roots. The present findings are in agreement with Kumar and Sangyan (2015) in cuttings of lemon, Rathwaet al (2017) in pomegranate and Tani et al (2021) in dragon fruit cuttings. Improvement in the root volume might be due to the better absorption of water and nutrients resulting in higher rate of plant growth (Wilcox et al 2004). The seedlings with strong root system due to better rooting media might have possessed higher root volume (Campo et al 2008).The present results revealed the linkage of organic amendments with root biomass which resulted in increased root growth Jindo et al (2012) reported that humic acid produced in the vermicompost aids in nutrient and water uptake ,cell differentiation and lateral root formation. The phosphorus in the medium is directly correlated with root growth promotion (Barita et al 2018) and also increased the root dry weight (Preusch et al 2004).The supply of high minerals with humic substances increased the root molecular weight as described by Madhavi et al (2021) in strawberry. Khot (2017) reported the highest dry weight with the same media in Bullock’s heart and Tani et al (2021) in dragon fruit.
The application of vermicompost as a growing medium improved the chemical properties of the soil.The availability of the nutrients in the soil affected the plant growth and development (Raffo et al 2014). As a result of it the increased plant height was the outcome of the research study. The research study of Tani et al (2021) in dragon fruit are in support with the present findings. The enhanced plant growth with the addition of vermicompost as the growing media has also been reported by Norman et al (2005) . Panchal et al (2014) revealed the increased plant growth by vermicompost in khirni. Sudarjatet al (2018) also stated the vermicompost to be better media than others for plant growth in dragon fruit cuttings. The increased shoot length with media supplemented with vermicompost might be attributed to the nutritional superiority containing sufficient macro and micro nutrients, better water holding capacity, greater aeration, porosity and good drainage than other growing media which helped in forming better root and shoot development. The cuttings of dragon fruit tree respond well to the organic matter which might be the reason for greater shoot length (Antunes et al 2021). The enhanced shoot length can also be indirectly related to the hormonal effect that humic substances present in vermicompost exert on the plants (Cordeiro et al 2010).	Comment by Planet: ‘Optimization of low-cost potting mixture for hardening of in vitro raised plants of dragon fruit’ You can add this paper also
Similar study with a conclusion that soil + vermicompost recorded the longest shoot length as compared to other media conducted by Sudarjatet al (2018) in dragon fruit cuttings are in line with the present findings. The better synergistic effect of the growing resulting in increased porosity and along with better water holding and water retention ability might be the reason that vermicompost when mixed with soil produced the maximum length of the shoot. This result is equivalent to result found by Sudarjatet al(2018) in dragon fruit which is in agreement with the present results. The availability of higher amount of growth promoting nutrients, proper aeration, improved soil status and ample moisture retention in the media combination might be the reason for higher shoot diameter (Atiyeh et al 2002). The similar results have been achieved by Tani et al (2021) in dragon fruit. Positive interaction between the media composition enriching nutrients which in turn improved the physical and chemical properties of media might have increased the fresh and dry weight of shoot (Atiyeh et al 2002).Presence of humic acid and growth substance properties in vermicompost which when combined with the soil and sand might have resulted in the increased plant growth in terms of heavier shoots (Arancon and Edwards 2005). The research study of Dhakar et al (2016) also revealed an increased growth with vermicompost in papaya and Yadav et al (2012) in acid lime which is in line with the present findings. Tani et al (2021) advocated an increased shoot weight with vermicompost and soil which is also in support with the present investigation results.
Higher survivability can be attributed to the favourable physical soil conditions by vermicompost which resulted in the activation of biochemical processes (Wazir et al 2003). The application of vermicompost as a growing media hence improved the soil fertility resulting in the plant survival (Sudarjatet al 2018). The research study of Rashmita et al (2016) depicting the same results in pear are in agreement with the present results. Increase in survival of dragon fruit plants with vermicompost has also been revealed by Tani et al (2021) which are in agreement with the present study. Awastiet al (2008) in guava and Minz (2021) in dragon fruit cuttings also reported the same. Chlorophyll synthesis requires nitrogen and phosphorous from soil (Li et al 2018). Addition of vermicompost to soil increased the organic matter which in turn increased the plant growth (Sudarjatet al 2018). Hence increased amounts of them might be the reason for enhanced chlorophyll content. The literature evidencing the fact is not available.	
[image: ]The correlation analysis of various plant growth parameters revealed significant relationships between root and shoot characteristics across different growing media treatments. A strong positive correlation was observed between primary and secondary roots (r = 0.89), while root diameter showed weak positive correlations with both primary (r = 0.13) and secondary roots (r = 0.15). Plant height demonstrated very strong positive correlations with average shoot length (r = 0.98), length of longest shoot (r = 0.97), and average shoot diameter (r = 0.71), indicating synchronized shoot development. However, the root-shoot relationships were more moderate, with root diameter showing a moderate positive correlation with plant height (r = 0.45) and other shoot measurements. Primary and secondary roots exhibited relatively weak correlations with shoot measurements, suggesting somewhat independent development between root and shoot systems. These findings indicate that while shoot growth characteristics develop in a highly coordinated manner, root development may be influenced by different factors in the growing media, which has important implications for optimizing plant growth conditions in various substrates.
Conclusion
The research study concluded that vermicompost can be used as an ingredient along with soil as a growing media as it not solely attributed to the quality of mineral nutrition but also to produce plant growth hormones and humic acids. Furthermore, increased microbial activity and their biomass results in increasing rooting cuttings resulting in the plant growth and vigour. Due to this there will be a reduction in the amount of artificial hormones required for the plant growth and use of expensive inorganic fertilisers. Vermicomposting should be encouraged as the macro-organisms (Earth worms) used in the process are available at little cost.
[bookmark: _GoBack]Ethics Approval Statement
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Fig.5(a)Vermicompost                                             Fig.5(b)Soil+Vermicompost(1:1)




















Fig.5 (c) Vermicompost                                             Fig.5(d) Soil+Vermicompost(1:1)
Fig.5 : Result are depicted in 5(a),5(b),5(c),5(d) under the shoot and root  parameters of dragon fruit (Hylocereus polyrhizus) cuttings transplants in different types of growing media at 120 days.
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