


Influence of IBA and rooting media on rooting of stem cuttings of dragon fruit [Hylocerous undatus (Haworth) Britton & Rose)

ABSTRACT
The present investigation was carried out at Fruit Research Station, Madhadibagh, Department of Horticulture, College of Agriculture, Junagadh Agriculture University, Junagadh during the year 2018-19  to study the effect of different concentration of IBA (500, 1000, 1500 ppm), different type of rooting media (i.e. soil, sand, soil + sand, soil + cocopeat, sand + cocopeat, soil + sand + cocopeat) and the interaction of these in different combination on rooting characteristics of dragon fruit. The result revealed that Indole butyric acid (IBA) had significant effect on rooting and shooting performance. The  exogenous application of IBA 1500 ppm with media combination of soil + sand + cocopeat (I3M6) significantly increased days taken for root initiation (13.67 days), number of roots per cutting (65.67), fresh weight of roots (3.07 g), dry weight of roots (1.70 g), length of longest roots (31.17 cm), days taken for initiation of sprouts (17.17 days), sprout length (16.27, 25.10 and 34.43 cm), number of sprouts per cuttings (2.70, 3.20 and 3.97) at 30, 60 and 90 DAP, respectively, rooting percentage (89.20%) and survival percentage  (87.00%)  over the other treatments.
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INTRODUCTION
“Dragon fruit (Hylocereus undatus Haworth) is a member of the cactaceae family which is a perennial, climbing cactus with triangular green stem.  It is believed to be originated from tropical and subtropical America” (Zee et al., 2004). “It is commonly called as strawberry pear, night blooming cereous, pitaya, queen of night, honorable queen etc.” (Andrade et al., 2005). “It has been cultivated in tropical and subtropical regions of the world viz., Australia, China,  Indonesia, Israel, Japan, Malaysia, Mexico,  Peru, Spain, Srilanka, Thailand and USA. The European Union and Asia, especially China are the largest importer of dragon fruit.” (Le Bellec et al., 2006). “In India, it is believed that the area under this crop is less than 900 -1000 hectares and is grown in some parts of Gujarat, Maharashtra, Kerala, Tamil Nadu and Karnataka” (NHB 2015). “The plant may grow up to a height of about 6 to 10 meters. It is a fruit crop as well as an ornamental plant.  The flower is so beautiful, large, fragrant and it is nick named as “noble women” or “queen of the night”. The fruit is non-climacteric fleshy berry which is oblong and about 10-12 centimeter thick with red or yellow peel with scales. The pulp may be white, red, yellow or magenta and juicy depending on the species. The smooth and shiny seeds are distributed in large numbers throughout the fruit and have a diameter of approximately 3 mm, a dark colour, and an obovate shape” (Andrade et al., 2005).
Fruit is suitable for everyone to eat. “The juicy flesh of fruit is delicious in taste when eaten fresh where the juicy flesh with small seeds are edible and this fruit can be processed into various value added products like juice, sherbets, jam, jelly, ice-cream, preserve, candy and pastries etc. Several studies have shown that dragon fruits are a good source of vitamins, minerals, glucose, fructose and dietary fibre. It contains good amount of calcium (6 mg), phosphorous (19 mg) and ascorbic acid (25 mg) per 100 g pulp” (Mortan, 1987). “Dragon fruits consist of phytoalbumins, which may have anti-oxidant qualities which help to stop the development of cancer cells. It is also a good source of natural pigments in food processing, due to their high content of betalains and used in food industries to extract natural colours and in cosmetic industries to prepare facial and hydrating creams” (Le Bellec et al., 2006).
[bookmark: _GoBack]“Dragon fruit can be propagated both sexually by seed and asexually by grafting and stem cutting. Seedlings become ready for field planting by 9-10 months after sowing. This method is very simple and can be practiced with the objectives of obtaining variability in improvement program and to meet the demand of large planting material in new areas as a single fruit contains more than 1000 seeds. But the fruit and stem characteristics are variable due to cross pollination and seedlings grow very slowly and the time taken for bearing will be usually 3-4 years which is longer than the plants propagated by stem cutting.The plants developed from stem cutting start flowering one to two years after planting. Cuttings can be obtained throughout the year. However, it is preferable to collect the cuttings after fruiting season of mother plants. In propagation by cutting, the entire stem segment or 5-60 cm cutting could be used. The longer the cutting, faster is the regeneration rate of new roots which is probably associated with the amount of stored food. Mature cuttings are better as they are resistant to insect and snail damage and contain more stored food than immature ones” (Maji et al., 2021). In general, cuttings from mature branches which have ceased growth root better than those taken from younger branches. “The difference in the rooting ability of cuttings taken from different parts of a plant is considered to be due to a difference in their physiological age” (Cavalcante and Martins, 2008). Cuttings with high carbohydrate content root better than those with low carbohydrates content. The ability of cuttings to regenerate varies also with the plant species and their varieties. 
. Dragon tree cuttings can be used for further propagation/resale, and also fruits have excellent demand in local & export markets. Considering the above fact, the present experiment was undertaken as “Effect of IBA and rooting media on stem cuttings of dragon fruit (Hylocereus undatus Haworth)” with the following objectives. To know the effect of IBA on rooting of stem cutting of dragon fruit, to know the effect of media on rooting of stem cutting of dragon fruit, to know the interaction effect of rooting media and IBA treatments on stem cuttings of dragon fruit. 
MATERIALS AND METHODS
 The present investigation was conducted at Fruit Research Station, Madhadibagh, Department of Horticulture, College of Agriculture, Junagadh Agriculture University, Junagadh during the year 2018-19. The experiment was laid out in Completely Randomized Design (Factorial) with eighteen treatment combinations and three replications. The treatment consists of six types of rooting media M1 (soil), M2 (sand), M3 [soil + sand (1:1)], M4 [soil + cocopeat (1:1)], M5 [sand + cocopeat (1:1)], M6 [soil + sand + cocopeat (1:1:1)]. three type of  IBA concentration I1 (500 ppm), I2 (1000 ppm), I3 (1500 ppm) and the different treatment combinations (I1M1- IBA 500 ppm + Soil, I1M2- IBA 500 ppm + Sand, I1M3- IBA 500 ppm + Soil + Sand (1:1), I1M4- IBA 500 ppm + Soil + Cocopeat (1:1), I1M5- IBA 500 ppm + Sand + Cocopeat (1:1), I1M6- IBA 500 ppm + Soil + Sand + Cocopeat (1:1:1) , I2M1- IBA 1000 ppm + Soil, I2M2- IBA 1000 ppm + Sand, I2M3- IBA 1000 ppm + Soil + Sand (1:1), I2M4- IBA 1000 ppm + Soil + Cocopeat (1:1), I2M5- IBA 1000 ppm + Sand + Cocopeat (1:1), I2M6- IBA 1000 ppm + Soil + Sand + Cocopeat (1:1:1), I3M1- IBA 1500 ppm + Soil, I3M2- IBA 1500 ppm + Sand, I3M3- IBA 1500 ppm + Soil + Sand (1:1), I3M4- IBA 1500 ppm + Soil + Cocopeat (1:1), I3M5- IBA 1500 ppm + Sand + Cocopeat (1:1), I3M6- IBA 1500 ppm + Soil + Sand + Cocopeat (1:1:1). The cuttings were collected from one year old dragon fruit stem with 2 to 3 nodes. The length of cuttings used for planting is 15 cm long. The cuttings treated with IBA by quick dip methods and for this a required amount of IBA was weighed and dissolved in  small quantity of 80% ethanol and then volume was made up to 1 liter using distilled water and the cuttings were dipped in solution for 10 second and planted in polybag. Rooting percentage was find out by Rooting Percentage (%) (Total number of cuttings planted/Number of cuttings that developed roots)×100 and survival percentage can be find out by Survival Percentage (%) = ( Total number of cuttings planted/Number of cuttings that survived 3 months after planting)×100. The observation were taken for days taken for root initiation, number of roots per cutting, fresh weight of roots, dry weight of roots, days taken for initiation of sprouts, length of longest roots, sprout length, number of sprouts per cuttings  at 30, 60 and 90 DAP respectively, rooting percentage and survival percentage 90 days after planting.
The data recorded on various growth parameters of stem cuttings of dragon fruit were statistically analyzed by adopting the Factorial Completely Randomized Design as suggested by Panse and Sukhatme (1967).
RESULTS AND DISCUSSION
The results obtained from the present investigation as well as relevant discussion have been summarized under following heads:
Days taken for root initiation
The days taken for root initiation in dragon fruit stem cuttings as influenced by IBA and rooting media and their interaction with different concentration and different combination are presented in (Fig 1)
The results indicated that IBA concentration, rooting media and their interaction exhibited significant effect on minimum (15.33) days taken for root initiation in dragon fruit stem cuttings I3 IBA at 1500 ppm with rooting media combination of M6 Soil + Sand + Cocopeat (1:1:1) (17.33) and their interaction of I3M6 IBA 1500+ Soil + Sand + Cocopeat (1:1:1) (13.67) with maximum days (22.39) taken for root initiation in I1  at 500 ppm with rooting media of M1 soil (20.67)  and their interaction of with I1M1 containing IBA at 500 ppm+ soil (24.67). This may be due to the exogenous application of auxin which breaks starch into simple sugars. This is needed to a greater extent for the production of new cells and increased respiratory activity in the regeneration of tissue at the time of initiation of new primordial, the results are in conformity with Nanda, (1975) and Thakur et al. (2025).

Fig: 1 Interaction effect for IBA and rooting media treatments for days taken for roots initiation of stem cutting of  dragon fruit  
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Fig: 2 Root length of dragon fruit cutting at 90 DAP

The I3 IBA concentration of 1500 ppm was recorded significantly increased the length of roots (27.14 cm). Whereas minimum length of roots (14.23 cm) was recorded in I1- IBA at 500 ppm with rooting media combination of  soil + sand + cocopeat (1:1:1) M6 significantly increased the length of longest roots (22.06 cm). Similarly M6 found at par with M5 (21.50 cm) containing sand + cocopeat. Minimum length of roots (17.11 cm) was recorded with M1 containing soil. Interaction effect of IBA and rooting media treatment for  maximum  length  of longest roots (31.17 cm) was recorded at 90 DAP cuttings treated with I3M6 IBA at 1500 ppm+ soil+ sand+ cocopeat (1:1:1). Similarly I3M6 is found at par with I3M5 (30.33 cm) contains IBA at1500 ppm+ sand+ cocopeat (1:1). Whereas minimum length (13.67 cm) of roots was recorded with I1M1 containing IBA at 500 ppm+ soil (Fig 2& 3). This might be due to rapid hydrolysis of starch stored in the cuttings into physiologically active sugars, which provide energy through respiratory activity to the root primordia and helps in rapid elongation of the meristematic cells there by initiate the longest roots per cutting. Similar results were reported by Srivastava et al., (2005) in Kiwi fruit. 
Fig: 2 Root length of dragon fruit cutting at 90 DAP




Fig: 3. Interaction effect for IBA and rooting media treatments for length of longest roots (cm) at 90 DAP of per stem cutting of  dragon fruit

Number of roots per cutting
Significant differences were observed among the rooting media, IBA treatments as well as their interactions on number of roots per cutting presented in (fig 4).
Among different IBA treatments I3 - IBA at 1500 ppm application significantly influenced the maximum number of roots per cutting (58.00) with rooting media M6 containing soil+ sand+ cocopeat (1:1:1) (50.78). Which was found at par with M5 containing sand+ cocopeat (1:1). In interaction maximum number (65.67) of roots per cutting observed with I3M6 containing IBA at 1500 ppm+ soil+ sand+ cocopeat (1:1:1) at 90 DAP and the minimum number of roots per cutting showed in I1- IBA at 500 ppm (30.61), M1 containing soil (38.44)  and in interaction I1M1 containing IBA at 500 ppm+ soil (23.67). This might be due to the presence of the reserved food materials present in the cuttings. Initial internal sugar concentration and their metabolism are important during the early period of rooting process Denaxa et al., (2001) and accelerated rooting in the cuttings with the increased IBA concentration might be due to increased water uptake and cell wall elasticity which further may have accelerated cell division and in turn increased number of roots to a certain level. These results are corroborated by the findings of Bhosale et al., (2010) in Pomegranate.

Fig: 4. Interaction effect for IBA and rooting media treatment for number of roots per cutting at 90 DAP of stem cutting of dragon fruit  
Fresh weight of roots
At 90 days after planting (DAP), the maximum fresh root weight (3.07 g) was recorded in the interaction treatment I₃M₆, which involved IBA at 1500 ppm combined with a soil: sand: cocopeat mixture (1:1:1). Individually, I₃ (IBA 1500 ppm) recorded 2.34 g, and M₆ (soil: sand: cocopeat in 1:1:1 ratio) recorded 2.11 g of fresh root weight. The minimum fresh weight of roots I1- IBA at 500 ppm (1.27 g) in M1 contains soil (1.50 g). In interaction of I1M1 containing 500 ppm+ soil (1.00 g) as presented in (Fig 5).  It could be attributed to the rapid hydrolysis of polysaccharides stored in the cuttings into physiologically active sugars by activation of hydrolytic enzymes. These sugars provide energy for the meristematic tissue through respiratory activity leads to initiate more number of adventitious roots which helps in early establishment of cuttings and subsequently increased the uptake of more nutrients and water from the growing media resulted in an increase in root fresh weight. The present findings are in conformity with the results of Singh et al. (2013) in lemon and Seran and Thiresh (2015) in dragon fruit.

Fig: 5 Interaction effect for IBA and rooting media treatments for fresh weight of roots (g) of stem cutting of dragon fruit
Dry weight of roots
The dry weight of roots recorded highest (1.10 g) was at 90 DAP cuttings treated with I3-  IBA at 1500 ppm in M6 containing soil+ sand+ cocopeat (1:1:1) and in interaction I3M6 containing IBA at 1500 ppm+ soil+ sand+ cocopeat (1:1:1) (1.70 g) recorded at 90 DAP whereas lower fresh weight of roots (0.07 g) was recorded in I1- IBA at 500 ppm (0.84 g). In M1 (0.34 g) containing soil and in interaction was recorded with I1M1 (0.04 g) containing 500 ppm+ soil was recorded at 90 DAP as presented in (Fig 6). It could be due to enhancement of hydrolysis of polysaccharides stored in stem cuttings by the hydrolytic enzymes activated by plant growth regulators into physiologically active sugars. Its helps in formation of more number of roots per cutting which leads to an increase in dry weight of roots. Similar findings were also reported by Porghorban et al. (2014) in olive and Rahad et al. (2016) in dragon fruit.
Fig: 6. Interaction effect for IBA and rooting media treatments for dry weight of roots (g) of stem cutting of dragon fruit
Days for initiation of sprouts
The results indicate that IBA concentration, rooting media and their interaction exhibited a significant effect on growth parameters (Fig 7).  The days for initiation of sprouts which was found significantly less number of days (18.38) in cuttings treated with I3-IBA at 1500 ppm. In case maximum number of days (27.60) taken in which cuttings treated with I3- IBA at 1500 ppm. In rooting media combination also found significant and less number of days (21.15)  taken for initiation of sprouts after planting in rooting media  M6 containing soil+ sand+ cocopeat (1:1:1). In case maximum number of days taken in days (25.19) taken in rooting media M1 containing soil. This result might be due to the high nutrient content of cocopeat, sand which have macrospores for good aeration and soil which balance the decomposition of lignin present in coir pith results in the formation of humic fraction. Similar result was supported by Kadalli et al. (2001). In  interaction effect of IBA and rooting media treatment less number of days (17.17) taken for initiation of sprouts after planting recorded in treatment combination I3M6 containing IBA at 1500 ppm+ soil+ sand+ cocopeat (1:1:1). Which was at par with I3M5 (17.67) containing IBA at 1500 ppm sand+ cocopeat (1:1). Whereas, maximum number of days taken sprout initiation was recorded with I1M1 (30.67). This might be due to sprouting is mainly attributed to the quantum of stored carbohydrate in the cuttings. However, with auxin application to the cutting is an increase in sprouting, highlighting the role of certain material produced in the rooting media, which are responsible for sprouting. This result was agreement with finding of Sulaiman et al. (2015) in citrus.



Fig: 7. Interaction effect for IBA and rooting media treatments on days taken for initiation of sprout of stem cutting of dragon fruit
Number of sprouts per cutting
Number of sprouts per cutting is recorded with I3- IBA at 1500 ppm found significantly maximum number of sprouts (2.05, 2.73, and 3.55). Whereas minimum sprouting per cutting (1.45, 1.53 and 1.70) recorded with I1- IBA at 500 ppm at 30, 60 and 90 DAP, respectively. In rooting media combination M6 containing soil+ sand+ cocopeat (1:1:1) was found maximum on number of sprouts per cutting (1.96, 2.34 and 2.83). Whereas M6 at 60 DAP was found at par with M5 containing sand+ cocopeat (1:1). The minimum number of sprouts (1.69, 1.77 and 2.22) recorded at 30, 60 and 90 DAP in M1 containing soil (Fig 8). This might be due to auxin enhancement of physiological functions in the cuttings favorably. This result was also close conformity by Manan et al. (2002) in guava. Whereas media was porous material and presence of decomposed nutrient which increase the sprouts. This result also supported by Rymbai et al. (2012) in guava. Interaction effect of IBA and rooting media treatment showed maximum number of sprouts (2.70, 3.20 and 3.97) in I3M6 containing IBA at 1500 ppm+ soil+ sand+ cocopeat (1:1:1). Which was found at par with I6M5 (soil+ sand) at 60 DAP and 90 DAP respectively. The minimum number of sprouts (1.83, 1.33 and 1.60) recorded at 30, 60 and 90 DAP in I1M1 containing IBA 500ppm+ soil. This might be due to growth regulating substance auxin and growth promoting substance present in coco peat, sand and soil which balance the media for growth. This result were also close conformity by Bhavani and Rupinder (2024) and Singh et al. (2014) in mulberry. 

Fig: 8. Interaction effect for IBA and rooting media treatments for number of sprouts per stem cutting of dragon fruit at 30, 60, 90 DAP
Sprout length
The effect of IBA treatment showed maximum sprout length (13.34, 20.27 and 30.16 cm) with I3- 1500 at 30, 60 and 90 DAP and minimum sprout length (4.37, 9.76, and 16.69 cm) recorded in I1- IBA at 500 ppm. In rooting media combination showed maximum sprout length (10.07, 17.69 and 26.98 cm) with M6 containing soil+ sand+ cocopeat (1:1:1). The minimum sprout length was recorded with M1 containing soil (6.21, 12.22, 21.01 cm) at 30, 60 and 90 DAP (Fig 9). This might be due to rooting media containing growth promoting substance. This result agreement supported by Sabir et al. (2004) in grape. In IBA contains auxin substance helps to promote the growth of the sprout. This was agreement with by Kakon et al. (2008) in guava. In interaction effect significantly maximum sprouts length (16.27, 25.10, and 34.43 cm) obtained of IBA and rooting media treatment at 30, 60, and 90 DAP respectively, with I3M6 containing IBA at 1500 ppm+ soil+ sand+ cocopeat (1:1:1). Whereas minimum sprouts length (3.67, 7.30 and 13.30 cm) I1M1 containing IBA at 500 ppm+ soil. This is might be due to co-effect of auxin, cocopeat, soil and sand contains growth substances enhance the length of sprout. These findings were close conformity of Malik and Harnard (2013) in orange.


Fig: 9. Interaction effect for IBA and rooting media treatments for sprouts length (cm) of stem of cutting dragon fruit at 30, 60, 90 DAP
Rooting percentage (%)
The percentage of rooting in stem cuttings of dragon fruit at 90 days after planting was significantly higher (81.2%) cuttings treated with I3 IBA at 1500 ppm in rooting media treatment for maximum rooting percentage (73.22%) was recorded with M6 containing soil+ sand+ cocopeat (1:1:1). and in interaction was recorded with IBA and rooting media treatment for maximum rooting percentage (89.20%) I3M6 containing IBA at 1500 ppm+ soil+ sand+ cocopeat (1:1:1). Similarly I3M6 is found at par with I3M5 (87.00%) contains IBA at 1500 ppm+ sand+ cocopeat (1:1) and also with I3M4 (86.10%) contains IBA at 1500 ppm+ soil+ cocopeat (1:1). Whereas minimum rooting percentage (55.03%) was recorded in I1 IBA at 500 ppm, in rooting media (63.94%) was recorded in M1 contains soil. Whereas in interaction minimum rooting percentage (53.07%) was recorded with I1M1 containing IBA at 500 ppm+ soil was recorded at 90 DAP as presented in (Fig 10). This might be due to the fact that rapid hydrolysis of polysaccharides stored in stem cuttings into physiologically active sugars which provide energy to meristematic tissues and activate the root primodia to initiate formation of more number of roots in stem cuttings. This result were supported by findings of Prabhakar et al. (2006) in fig. In cocopeat released of phenolic compounds (Lokesha et al. 1988; Pincelli et al. 2024), also can be attributed to the beneficial physical characteristics of coir pith (Smith, 1995) like aeration and water holding capacity.

Fig: 10. Interaction effect for IBA and rooting media treatments for rooting percentage (%) of stem cutting of dragon fruit
Survival percentage (%)
There were significant result founded in respect of survival percentage of rooted stem cuttings of dragon fruit among the different rooting media and IBA treatments as  well  as their interactions are presented in (Fig 11). The maximum survival percentage recorded in I3- IBA at 1500 ppm (75.61%), in rooting media treatment showed significant at M6 (71.00%) soil+
sand+ cocopeat (1:1:1). Which was found at par with M5 (68.67%) containing sand+ cocopeat (1:1). And in interaction I3M6 (87.00%) containing IBA at 1500 ppm+ soil+ sand+ cocopeat (1:1:1) recorded at 90 DAP cuttings with was recorded at 90 DAP. While the minimum survival percentage (54.94%) was recorded in I1- IBA at 500 ppm, in M1 (59.89%) containing soil and also in interaction I1M1 (51.33%) containing IBA at 500 ppm+ soil. This might be due to the fact that, aeration is necessary for the gaseous exchange between the soil and atmosphere to remove CO2 released by roots and microorganisms in the soil to external atmosphere and supply of O2 from the external atmosphere to the growing roots leading to better respiration and survival of plants and their differential behavior in different growth parameters and also due to the presence of differential levels of endogenous rooting cofactors and carbohydrates The results are in agreement with the findings of  Hartmann and Kester, (1989) and Jeyaseeli, Paul Raj (2010) and Ingole et al. (2024).

   Fig:11 Interaction effect for IBA and rooting media treatments for survival percentage (%) of stem cutting of dragon fruit
[image: C:\Users\Admin\Desktop\amrutha theses\pp\IMG_20190523_111543.jpg]Fig: 12 Effect of  IBA 1500 ppm  and  rooting media (soil +
sand + cocopeat) on growth of dragon fruit cutting at 90 DAP
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 Plate: 8 Effect of  IBA 1500 ppm  and  rooting media (soil + 
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CONCLUSION
From the present study, it can be concluded that vegetative propagation by stem cuttings in dragon fruit root formation was significantly influenced by the application of IBA 1500 ppm+ soil+ sand+ cocopeat (1:1:1)] The IBA 1500 ppm application with rooting media [soil+ sand+ cocopeat (1:1:1)] was found better for all the shoot and root parameter of growth viz., days taken for root initiation, number of roots per cuttings, fresh weight of roots, dry weight of roots, days taken for initiation of sprouts, length of longest roots, sprout length, number of sprouts per cuttings, rooting percentage and survival percentage of cutting. Therefore, for commercial propagation of dragon fruit through cuttings, it is recommended to plant them in a soil: sand: cocopeat medium (1:1:1) after dipping in 1500 ppm IBA solution.
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90 DAP	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	23.67	25.67	29	32.67	35	37.67	40	45.33	46.67	44.67	47	49	51.67	53.33	55.67	60	61.67	65.669999999999987	

Fresh wieght of roots (g)	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	1	1.2	1.27	1.3	1.37	1.47	1.5	1.6	1.63	1.7	1.77	1.8	2	2.1	2.2000000000000002	2.2999999999999998	2.4	3.07	Column1	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	

Dry wieght of roots (g)	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	4.0000000000000022E-2	0.05	7.0000000000000021E-2	8.0000000000000043E-2	9.0000000000000024E-2	0.1	0.2	0.4	0.45	0.5	0.7100000000000003	0.73000000000000032	0.77000000000000035	0.87000000000000033	0.9	1.1700000000000006	1.2	1.7	Series 2	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	

Days taken for intiation of sprout
	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	30.67	28.1	27.67	27.330000000000005	26	25.85	25.2	25	24.67	24.1	23.67	20.43	19.7	19.5	18.23	18	17.670000000000005	17.170000000000005	0	Column1	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	Days taken for intiation of sprout	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	

30 DAP	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	1.83	1.9000000000000001	1.1000000000000001	1.1299999999999986	1.3	1.47	1.33	1.5	1.53	1.57	1.6	1.62	1.6	1.6500000000000001	1.6800000000000013	1.73	1.75	1.77	60 DAP	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	1.5	1.53	1.6	1.62	1.6500000000000001	1.7	1.6500000000000001	1.8	1.9900000000000013	2.09	2.1	2.2000000000000002	1.87	2	2.3699999999999997	2.4299999999999997	2.5299999999999998	2.77	90 DAP	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	1.75	1.85	1.9000000000000001	2	2.1	2.7	2.34	2.3499999999999988	2.65	2.8499999999999988	3	3.2	3.2	3.3299999999999987	3.4	3.63	3.77	3.9699999999999998	


30 DAP	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	3.67	3.9	4.2300000000000004	4.4700000000000024	4.7699999999999996	5.2	5.2700000000000014	5.67	6.1	6.57	7.5	8.73	9.7000000000000011	11.2	13.33	14.33	15.2	16.27	60 DAP	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	7.3	8.17	9.73	10.73	10.97	11.63	12.23	13.3	14.13	15.2	15.4	16.329999999999988	17.13000000000002	18.37	18.8	19.57	22.67	25.1	90 DAP	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	13.3	14.370000000000006	15.03	17.329999999999988	19.670000000000005	20.43	22.23	22.830000000000005	24.13000000000002	24.57	25.1	26.32	27.5	28.330000000000005	29	29.5	32.17	34.43	


Rooting %	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	53.07	54.77	55.17	56	57.17	60	63.5	65.5	66.400000000000006	67.13	68.73	70.47	75.27	78	83.669999999999987	86.1	87	89.2	Series 2	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	

Survival percentage (%)	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M5	51.33	52.33	54.67	55	56.33	60	62	62.67	62.33	65.33	66	63.78	66.33	70	71	75	84.33	87	Column1	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M5	


Days taken for initiation of roots 
	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	0	24	23	22	20.67	20	19.829999999999988	19.329999999999988	19.170000000000005	19.100000000000001	18.670000000000005	18.329999999999988	18	16.670000000000005	15.33	14.33	14	13.67	

90 DAP	I1M1	I1M2	I1M3	I1M4	I1M5	I1M6	I2M1	I2M2	I2M3	I2M4	I2M5	I2M6	I3M1	I3M2	I3M3	I3M4	I3M5	I3M6	13.67	14	14.2	14.33	14.5	14.67	15	16.329999999999988	18	18.37	19.670000000000005	20.329999999999988	22.67	25.330000000000005	26.330000000000005	27	30.330000000000005	31.17	
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