Effect of auxin, cutting type and rooting medium on sprouting and rooting of teasel gourd (Momordica subangulata subsp. renigera) cuttings

ABSTRACT
To investigate the effect of auxin (Indole -3- butyric acid), cutting type and different rooting medium on sprouting and rooting of teasel gourd (Momordica subangulata subsp. renigera) cutting, a study was carried out at the Department of Vegetable Science, College of Agriculture, Vellayani, Kerala Agriculture University, during 2023-2024. The cuttings taken from the top (C1), middle (C2) and basal (C3) portion of the vine were dipped in 250 ppm (G1), 500 ppm (G2) and 750 ppm (G3) IBA along with distilled water as control (G0) and planted in different rooting media such as cocopeat (M1), cocopeat + vermicompost (1:1) (M2) and cocopeat + vermiculite + perlite in (3:1:1) (M3). The experiment was laid out in completely randomized design with 3 replications. Days to sprout, survival percentage and other growth parameters of cuttings were found to be significantly influenced by the types of cutting, different concentrations of IBA, rooting media and their interactions. Basal cuttings recorded significantly superior performance over middle and top cuttings in all growth parameters. Control promoted early sprouting and higher initial growth. However, IBA 250 ppm recorded the best results in growth performance at later stages. Cocopeat + vermicompost media performed well in sprouting, survival and growth parameters. The number of roots was highest in basal cuttings treated with 750 ppm IBA and planted in cocopeat + vermicompost (1:1) medium. The most suitable combination for propagation of teasel gourd is the use of basal cuttings treated with 250 ppm IBA and planted in cocopeat + vermicompost (1:1) medium with the highest sprouting percentage (85.00 %), survival percentage (83.67 %) and shoot length (48.90 cm).  
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1. Introduction

“Teasel gourd [Momordica subangulata Blume subsp. renigera (G.Don) de Wilde] is a semidomesticated dioecious perennial belonging to Cucurbitaceae family, renowned for bitterless fruits. In India, teasel gourd is primarily cultivated in the Eastern and North - Eastern states, particularly Odisha, West Bengal, Assam, and Tripura, and in some parts of Andaman Islands” (Bharathi and Joseph, 2013). “The pulp of ripe fruits and aril contain relatively higher amounts of lycopene and carotene. The average nutritional value per 100 g edible fruit is 89.9 % moisture, 1.69 g protein, 6.4 g carbohydrate, 8.25 g starch, 1.00 g fat, 9.17 g total sugar, 5.50 g reducing sugar, and minerals such as 0.37 % P, 2.30 % K, 0.12% Ca, 0.10 % Mg, 119.80 ppm Fe, 33.90 ppm Mn, 10.80 ppm Cu, and 32.30 ppm Zn” (Joseph et al., 2021). “It is high in phenolic content as well as antioxidants with cytotoxic and apoptotic properties. The methanol extract from the seeds is a potent source of phenolic and flavonoid compounds, exhibiting strong antioxidant properties and cytotoxic effects against cancerous cells” (Karmakar et al., 2019). Teasel gourd is a new crop in Kerala and its cultivation needs to be popularized in nontraditional areas due to its nutritional richness combined with high consumer acceptability and adaptability to high rainfall humid tropical region.
[bookmark: _Hlk209955534][bookmark: _GoBack]“Commercial propagation of teasel gourd is largely through tubers followed by seeds. But, seeds have ashort dormancy period of two to three months” (Bharathi and Joseph, 2013). “Tuber pieces are commercially used as planting material in M. subangulata subsp. renigera. However, due to the difficulty in obtaining large number of tubers, vine cuttings can also be used as an effective alternative for propagation. Commercial auxins, like indole-3-butyric acid (IBA), 1- naphthalene acetic acid (NAA), or a mixture of the two, are frequently used in liquid, powder, or gel formulations to stimulate the rooting of cuttings” (Blythe et al., 2004). “The choice of cutting type, environmental conditions during propagation and the use of rooting hormones determines the survival and rooting rate of cuttings” (Hartmann et al., 1997). “The rooting was increased in cuttings treated with Indole-3-butyric acid in Momordica cochinchinensis” (Tran et al., 2020) and Momordica dioica (Tiwari et al., 2022).
As vine cuttings are not used commercially for large scale multiplication of teasel gourd, the present study aimed to evaluate the effect of types of cutting, varying concentrations of IBA, and rooting media on the propagation efficiency of teasel gourd.

2. Materials and methods

The present investigation was carried out at the Department of Vegetable Science, College of Agriculture, Vellayani, Kerala Agricultural University. The experiment was laid out in completely randomized design with 36 treatments in three replications. One-month old vines of teasel gourd were collected and two noded cuttings with atleast one leaf were made. The cuttings were prepared by giving a slanting cut at the base just below the lower node and a straight cut at the distal end just above the upper node. The cuttings were taken from the top (C1), middle (C2) and basal portions (C3) of the vines. The basal end of cuttings was dipped in IBA solution of 250 ppm (G1), 500 ppm (G2) and 750 ppm(G3) for 15 minutes along with distilled water as control (G0) before planting. Cuttings were planted in 50 celled protray filled with rooting media such as cocopeat (M1), cocopeat + vermicompost in (1:1) (M2), and cocopeat + vermiculite + perlite in (3:1:1) (M3). Observations were recorded on days to sprout, sprouting and survival percentages, shoot length, root length and number of roots.
2.1 Statistical analysis

The data recorded were subjected to statistical analysis as described by Panse and Sukhatme (1985). The analysis of variance (ANOVA) were calculated using GRAPES, an online R-based tool, https:// www.kaugrapes.com/home.
3. Results and Discussion

3.1 Days to sprout

Number of days taken for sprouting was significantly influenced by the types of cutting, IBA concentrations and rooting media (Table 1). Basal cuttings exhibited earliest sprouting (13.76 days) which was on par with middle cuttings (C2) (14.17 days) and top cuttings were late to sprout (16.52 days). The minimum duration for sprouting in basal cuttings may be attributed to the higher availability of stored food resources, which promote early sprouting in the cuttings (Chandramouli, 2001). Significant response to types of cuttings on days to sprout was reported by Jagdale et al. (2023) in ivy gourd. Control (G0) had the shortest sprouting time (11.48 days), whereas, increasing the IBA concentrations prolonged the sprouting time. The results are in accordance with the finding of Shahab et al. (2013) in alstonia cuttings. In terms of rooting media, minimum days to sprout (13.86 days) was observed in cocopeat + vermicompost which was significantly superior over other media. Vermicompost being a rich source of macro and micronutrients might have contributed to the earlier sprouting of buds (Frones et al., 2013).
Interaction between types of cutting and IBA concentrations (C x G) had significant effect on days to sprout (Table 2). The earliest sprouting was observed in basal cuttings without IBA treatment (C3G0) (9.74 days) which was on par with middle cuttings without IBA treatment (C2G0) (10.67 days). Whereas, the top cuttings treated with 750 ppm IBA (C1G3) took more days to sprout (19.48 days). Interactions C x M (types of cutting and rooting media), G x M (IBA concentrations and rooting media) and C x G x M (overall interaction) were not significant.
3.2 Sprouting percentage

Basal cuttings had significantly the highest sprouting percentage (61.03 %) at 45 days after planting (DAP) (Table1). Among IBA concentrations, 250 ppm (70.07 %) and in case of rooting media, the combination of cocopeat + vermicompost recorded the highest sprouting percentage (59.72 %).
In the interaction between types of cutting and IBA concentrations (C × G) the highest sprouting percentage was observed in basal cuttings treated with 250 ppm IBA (78.22 %) (Table 2). There was no significant effect from the interaction between types of cutting and rooting media (C x M). Interaction due to IBA concentrations and rooting media (G × M) was significant with highest sprouting percentage of 78.33 % in G1M2 (250 ppm with cocopeat + vermicompost) which was on par with G0M2 (control with cocopeat + vermicompost) (75.00 %). Among the various treatment combinations (C x G x M), C3G1M2 (basal cuttings treated with 250 ppm IBA and planted in cocopeat + vermicompost) registered the highest sprouting percentage (85.00 %) and C1G3M1 (top cuttings treated with 750 ppm IBA and planted in cocopeat medium) recorded the lowest (26.00 %).

The increased sprouting observed in basal cuttings might be attributed to a greater amount of stored food material, particularly carbohydrates, within the cuttings. This is likely due to the higher maturity of the wood, which tends to have a significant accumulation of starch and sugar reserves (Satpal et al., 2014). Lower concentration of IBA might have proved optimum for teasel gourd cuttings. Higher IBA concentrations might increase the number of roots, but kill the rooted cuttings or reduce the plant vigor afterward (Davies et al., 2002).
3.3 Survival percentage

Basal cuttings exhibited significantly higher survival percentage (60.08 %) compared to other types of cutting (Table 1). Among IBA concentrations, 250 ppm recorded the highest survival of 69.07 %. In case of rooting media, survival percentage was highest in cocopeat + vermicompost media. From the interaction between types of cuttings and IBA concentrations (C x G) significantly higher survival rates was seen in basal cuttings treated with 250 ppm IBA (77.11 %).
In the interaction between types of cuttings and rooting media (C x M), basal cuttings planted in cocopeat + vermicompost (C3M2) recorded the highest (66.42 %) (Table 2). Among the interaction between IBA concentrations and rooting media (G x M), G1M2 (250 ppm with cocopeat + vermicompost) (77.11 %) recorded highest survival rates which was on par with G0M2 (74.22 %). Among treatment combinations, C3G1M2 (basal cuttings treated with 250 ppm and planted in cocopeat + vermicompost) resulted in highest survival percentage of 83.67 % which was on par with C3G0M2 (basal cuttings without IBA treatment and planted in cocopeat
+ vermicompost) (82.33 %). The lowest survival percentage of 24.00 % was recorded in C1G3M1 (top cuttings treated with 750 ppm IBA and planted in cocopeat medium). Baul et al. (2009) documented highest survival rates associated with low concentrations of IBA at 0.2% on Stereospermum suaveolens. Application of higher concentrations of IBA may cause detrimental effect in certain species which reduce the survival rates. They postulated that increasing concentrations of IBA might produce negative impacts on the naturally occurring growth hormones in the cuttings.

3.4 Shoot length

The types of cuttings, IBA concentrations, and rooting media significantly influenced shoot length at 15, 30, and 45 days after planting (DAP) (Table 1). Basal cuttings recorded the highest shoot lengths of 2.49 cm, 30.05 cm, and 37.89 cm at 15, 30 and 45 DAP respectively. This outcome could be attributed to the basal cuttings sprouted more quickly and utilized a greater portion of the stored nutrients, such as nitrogen and carbohydrates (Chandramouli, 2001). Among the IBA treatments, control (G0) showed the highest shoot length of 4.36 cm at 15 DAP (Figure 1). However, at 30 and 45 DAP, the highest shoot length was observed in G1 (250 ppm), (31.70 cm and 39.50 cm, respectively) (Figure 2 & 3). The rooting medium M2 (cocopeat + vermicompost) produced the longest shoots, (2.63 cm, 28.33 cm, and 37.17 cm) at 15, 30, and 45 DAP, respectively.

The interaction between types of cutting and IBA concentrations (C × G) significantly affected shoot length (Table 2). At 15 DAP, the highest shoot length of 5.69 cm was observed in C3G0 (basal cuttings without IBA treatment), while at 30 DAP and 45 DAP, C3G1 (basal cuttings treated with 250 ppm IBA) recorded the highest shoot lengths of 37.52 cm and 44.10 cm, respectively. No significant differences were observed in the interaction between cutting types and rooting media (C × M) at 15 DAP. However, at 30 and 45 DAP, C3M2 (basal cuttings planted in cocopeat + vermicompost) recorded the highest shoot lengths of 33.23 cm and 40.00 cm, respectively.

The interaction between IBA concentrations and rooting media (G × M) showed no significant effect on shoot length at 15 DAP, but significant differences were noted at 30 and 45 DAP. At these stages, G1M2 (250 ppm with cocopeat + vermicompost) had the highest shoot lengths of 35.06 cm and 44.06 cm, while G3M1 (750 ppm with cocopeat alone) recorded the lowest values of 18.08 cm and 27.58 cm, respectively.

The three-way interaction between cutting types, IBA concentrations, and rooting media (C × G × M) did not significantly influence shoot length at 15 and 30 DAP. However, at 45 DAP, significant differences were observed, with C3G1M2 (basal cuttings treated with 250 ppm IBA and planted in cocopeat + vermicompost) recorded the highest shoot length of

48.90 cm, closely followed by C2G1M2 (middle cuttings treated with 250 ppm IBA and planted in cocopeat + vermicompost) (47.00 cm). The lowest shoot length of 21.03 cm was observed in C1G3M1 (top cuttings treated with 750 ppm IBA and planted in cocopeat medium). Lower concentration of IBA found optimum for teasel gourd cuttings. Average length of shoot was decreased when the IBA concentration increased. Similar result was reported by Manokari et al. (2016) in Moringa concanensis. Auxin enhanced cell division, cell elongation, and protein synthesis in cuttings treated with IBA, which may have contributed to improved vegetative growth (Devi et al., 2016).
3.5 Number of roots per cutting

Basal cuttings (C3) produced the highest number of roots (17.46, 32.49 and 38.69) at 15 DAP, 30 DAP and 45 DAP respectively (Table 3). Among IBA concentrations, the highest number of roots were seen in 750 ppm (G3) (21.49, 34.59 and 41.81) and the lowest was in control. Regarding rooting media, M2 (cocopeat + vermicompost) resulted in highest number of roots per cutting (17.09, 30.42 and 36.07).
Interaction between types of cutting and IBA concentrations (C x G) had significant effect on number of roots at 15 DAP, 30 DAP and 45 DAP (Table 4). C3G3 (basal cuttings with 750 ppm) resulted in the highest number of roots (24.00, 39.37 and 47.37 respectively). Among the interaction between types of cutting and rooting media (C x M), significantly highest number of roots (34.25) was produced by basal cuttings in cocopeat + vermicompost (C3M2). In the interaction between IBA concentrations and rooting media, G3M2 (750 ppm with cocopeat + vermicompost) recorded highest root number which was on par with G2M2 (500 ppm with cocopeat + vermicompost). Among treatment combinations, C3G3M2 (basal cuttings treated with 750 ppm IBA and planted in cocopeat + vermicompost) resulted the highest number of roots (26.44, 40.44 and 50.67) and C1G0M1 (top cuttings without IBA treatment and planted in cocopeat) recorded the lowest roots per cutting. Number of roots per cutting increased with increase in concentration of IBA (Nale et al., 2024). Arya and Husen (2022) reported that, auxins promote adventitious root formation by their ability to promote the initiation of lateral roots and also enhanced the transport of carbohydrates to basal portion of the cuttings.
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Figure 1. Cuttings treated with IBA at 15 DAP
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Figure 2. Cuttings treated with IBA at 30 DAP
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Figure 3. Cuttings treated with IBA at 45 DAP
A) Control B) 250 ppm IBA C) 500 ppm IBA D) 750 ppm IBA

3.6 Root length per cutting

Root length had significant influence on types of cutting, IBA concentrations, and rooting media at 15 DAP, 30 DAP, and 45 DAP (Table 3). Whereas, interactions were not significant (Table 4).
The highest root length was recorded in basal cuttings (C3) (4.84 cm, 6.55 cm and 7.39 cm) and it was on par with middle cuttings (C2) (4.75 cm, 6.54 cm and 7.23 cm) at 15 DAP, 30 DAP, and 45 DAP respectively. Regarding IBA concentrations, 750 ppm (G3) recorded the highest root length (4.63 cm, 6.44 cm and 7.34 cm) and lowest was recorded in control (G0) (3.84 cm, 5.51 cm and 6.39 cm). M2 (cocopeat + vermicompost) had significantly higher root length (4.48 cm, 6.28 cm and 7.11 cm respectively) compared to other media. Root length was increased when concentration of IBA increased. IBA influences metabolic translocation and carbohydrate metabolism, which could be linked to root length and may also contribute to increased root length (Sujin et al., 2020).
Table 1. Effect of types of cutting, IBA concentrations and rooting media on sprouting, survival and shoot length

	Treatment
	Days to sprout
	Sprouting (%)
	Survival (%)
	Shoot length (cm)

	
	
	45 DAP
	45 DAP
	15
DAP
	30
DAP
	45
DAP

	Types of cutting

	C1 (top)
	16.52b
	44.39
	(41.63)c
	43.64
	(41.17)c
	0.89b
	20.36c
	28.93c

	C2 (middle)
	14.17a
	57.25
	(49.46)b
	56.25
	(48.82)b
	2.38a
	26.68b
	36.54b

	C3 (basal)
	13.76a
	61.03
	(51.84)a
	60.08
	(51.22)a
	2.49a
	30.05a
	37.89a

	SEm (±)
	0.181
	0.459
	0.34
	0191
	0.217
	0.251

	CD (0.05)
	0.51
	1.294
	0.958
	0.539
	0.611
	0.706

	IBA concentrations

	G0 (control)
	11.48a
	67.85
	(55.74)a
	67.22
	(55.31)b
	4.36a
	29.23b
	37.50b

	G1 (250 ppm)
	13.54b
	70.07
	(57.22)a
	69.07
	(56.53)a
	2.85b
	31.70a
	39.50a

	G2 (500 ppm)
	16.24c
	44.93
	(42.01)b
	43.82
	(41.35)c
	0.46c
	21.60c
	31.64c

	G3 (750 ppm)
	18.00d
	34.04
	(35.61)c
	33.19
	(35.10)d
	0.00c
	20.26d
	29.18d




	SEm (±)
	0.209
	0.53
	0.393
	0.221
	0.25
	0.289

	CD (0.05)
	0.589
	1.494
	1.107
	0.622
	0.705
	0.816

	Rooting media

	M1(cocopeat)
	15.57c
	49.39
	(44.66)c
	48.47
	(44.11)c
	1.55b
	23.45c
	32.18c

	M2(cocopeat
+vermicompo st)
	
13.86a
	
59.72
	
(51.12)a
	
58.81
	
(50.49)a
	
2.63a
	
28.33a
	
37.17a

	M3(cocopeat+ vermiculite+p
erlite)
	
15.01b
	
53.56
	
(47.15)b
	
52.69
	
(46.62)b
	
0.89b
	
25.31b
	
28.93c

	SEm (±)
	0.181
	0.459
	0.34
	0.191
	0.217
	0.251

	CD (0.05)
	0.51
	1.294
	0.958
	0.539
	0.611
	0.706


(Figures in parentheses indicate the corresponding arc sign value)

Table 2. Interaction effect of treatments on sprouting, survival and shoot length

	Treatments
	Days to
sprout
	Sprouting %
	Survival %
	Shoot length (cm)

	
	
	45 DAP
	45 DAP
	15
DAP
	30
DAP
	45
DAP

	C x G

	C1G0
	14.04c
	57.56
	(49.40)de
	57.11
	(49.14)e
	2.49d
	24.78f
	31.79ef

	C1G1
	15.59d
	61.22
	(51.54)d
	60.44
	(51.08)d
	0.90e
	26.06e
	33.16de

	C1G2
	16.96ef
	31.44
	(34.10)bc
	30.33
	(33.42)i
	0.17e
	16.03h
	26.62g

	C1G3
	19.48g
	27.33
	(31.50)i
	26.67
	(31.05)j
	0.00e
	14.59i
	24.17h

	C2G0
	10.67a
	71.11
	(57.61)c
	70.89
	(57.45)bc
	4.90ab
	29.29d
	39.89b

	C2G1
	12.63b
	70.78
	(57.70)bc
	69.67
	(56.88)c
	3.81c
	31.53c
	41.23b

	C2G2
	15.52d
	49.33
	(44.62)f
	48.11
	(43.91)g
	0.80e
	24.34f
	33.34d

	C2G3
	17.85f
	37.78
	(37.91)g
	36.33
	(37.06)h
	0.00e
	21.56g
	31.68f

	C3G0
	9.74a
	74.89
	(60.20)ab
	73.67
	(59.35)b
	5.69a
	33.61b
	40.81b

	C3G1
	12.41b
	78.22
	(62.44)a
	77.11
	(61.62)a
	3.83bc
	37.52a
	44.10a

	C3G2
	16.22de
	54.00
	(47.31)e
	53.00
	(46.73)f
	0.42e
	24.43f
	34.97c




	C3G3
	16.67e
	37.00
	(37.42)g
	36.56
	(37.18)h
	0.00e
	24.64f
	31.70f

	SEm (±)
	0.362
	0.918
	0.68
	0.382
	0.433
	0.501

	CD (0.05)
	1.02
	2.588
	1.917
	1.077
	1.221
	1.413

	C x M

	C1M1
	17.19
	39.25
	(38.62)
	37.92
	(37.80)f
	0.65
	18.68h
	26.30f

	C1M2
	15.67
	48.75
	(44.24)
	47.83
	(43.68)e
	1.31
	22.26f
	31.72d

	C1M3
	16.70
	45.17
	(42.05)
	45.17
	(42.04)e
	0.71
	20.16g
	28.78e

	C2M1
	14.92
	52.17
	(46.34)
	51.42
	(45.87)d
	2.18
	23.86e
	33.28c

	C2M2
	13.17
	63.25
	(53.24)
	62.17
	(52.49)b
	3.18
	29.52b
	39.80a

	C2M3
	14.42
	56.33
	(48.81)
	55.17
	(48.11)c
	1.78
	26.67d
	36.33b

	C3M1
	14.61
	56.75
	(49.04)
	56.08
	(48.67)c
	1.88
	27.83c
	36.97b

	C3M2
	12.75
	67.17
	(55.89)
	66.42
	(55.30)a
	3.41
	33.23a
	40.00a

	C3M3
	13.92
	59.17
	(50.60)
	57.75
	(49.70)c
	2.17
	29.11b
	36.92b

	SEm (±)
	0.313
	0.795
	0.589
	0.331
	0.375
	0.434

	CD (0.05)
	NS
	NS
	1.66
	NS
	1.058
	1.223

	G x M

	G0M1
	12.48
	63.00
	(52.73)cd
	62.56
	(52.49)cd
	3.82
	26.39e
	34.12ef

	G0M2
	10.37
	75.00
	(60.31)a
	74.22
	(59.76)a
	5.48
	32.37b
	41.07b

	G0M3
	11.59
	65.56
	(54.17)c
	64.89
	(53.69)c
	3.78
	28.92d
	37.30d

	G1M1
	14.48
	60.78
	(51.38)d
	59.78
	(50.75)d
	2.07
	29.12d
	35.36e

	G1M2
	12.41
	78.33
	(62.66)a
	77.11
	(61.67)a
	4.06
	35.06a
	44.06a

	G1M3
	13.74
	71.11
	(57.65)b
	70.33
	(57.15)b
	2.42
	26.39e
	34.12ef

	G2M1
	16.89
	41.78
	(40.19)f
	41.33
	(39.92)f
	0.39
	32.37b
	41.07b

	G2M2
	15.30
	49.44
	(44.63)e
	48.22
	(43.91)e
	1.00
	28.92d
	37.30d

	G2M3
	16.52
	43.56
	(41.21)f
	41.89
	(40.23)f
	0.00
	29.12d
	35.36e

	G3M1
	18.44
	32.00
	(34.36)g
	30.22
	(33.28)h
	0.00
	35.06a
	44.06a

	G3M2
	17.37
	36.11
	(36.88)g
	35.67
	(36.62)g
	0.00
	30.93c
	39.08c

	G3M3
	18.17
	34.00
	(35.58)g
	33.67
	(35.39)g
	0.00
	20.22h
	31.68gh

	SEm (±)
	0.362
	0.918
	0.68
	0.382
	0.433
	32.77fg

	CD (0.05)
	NS
	2.588
	1.917
	NS
	1.221
	30.49hi




	C x G x M

	C1G0M1
	14.89
	46.67
	(43.09)lmn
	46.00
	(42.71)mno
	2.03
	21.83
	29.43mn

	C1G0M2
	13.00
	64.33
	(53.35)efgh
	63.67
	(52.94)fgh
	3.07
	28.00
	35.27fgh

	C1G0M3
	14.22
	61.67
	(51.76)fghi
	61.67
	(51.76)ghi
	2.37
	24.50
	30.67klmn

	C1G1M1
	16.22
	53.33
	(46.92)jkl
	51.67
	(45.96)klm
	0.57
	24.43
	30.30lmn

	C1G1M2
	15.00
	68.33
	(55.76)def
	67.33
	(55.14)def
	1.67
	28.17
	36.27fg

	C1G1M3
	15.56
	62.00
	(51.95)fghi
	62.00
	(52.15)fghi
	0.47
	25.57
	32.90hijk

	C1G2M1
	17.67
	31.00
	(33.81)rstu
	30.00
	(33.21)st
	0.00
	14.93
	24.43p

	C1G2M2
	16.11
	33.00
	(35.06)qrstu
	31.33
	(34.04)rst
	0.50
	17.30
	28.63no

	C1G2M3
	17.11
	30.33
	(33.42)stu
	29.67
	(33.00)st
	0.00
	15.87
	26.80op

	C1G3M1
	20.00
	26.00
	(30.65)u
	24.00
	(29.33)u
	0.00
	13.50
	21.03q

	C1G3M2
	18.56
	29.33
	(32.79)stu
	29.00
	(32.58)stu
	0.00
	15.57
	26.70op

	C1G3M3
	19.89
	26.67
	(31.07)tu
	26.67
	(31.07)tu
	0.00
	14.70
	24.77p

	C2G0M1
	11.78
	71.00
	(57.45)cde
	70.67
	(57.24)de
	4.77
	26.57
	35.33fgh

	C2G0M2
	9.44
	77.33
	(61.63)bc
	76.67
	(61.15)bc
	6.30
	32.10
	43.90b

	C2G0M3
	10.78
	65.00
	(53.76)efg
	65.00
	(53.76)efg
	3.63
	29.20
	40.43c

	C2G1M1
	13.67
	56.67
	(48.93)hijk
	56.67
	(48.83)ijk
	2.77
	28.47
	36.63efg

	C2G1M2
	11.33
	81.67
	(64.81)ab
	80.33
	(63.68)ab
	5.20
	35.53
	47.00a

	C2G1M3
	12.89
	74.00
	(59.35)cd
	72.00
	(58.12)cd
	3.47
	30.60
	40.07c

	C2G2M1
	16.22
	44.33
	(41.75)mno
	44.33
	(41.74)no
	1.17
	22.00
	31.70jklm

	C2G2M2
	14.33
	56.00
	(48.45)ijk
	54.00
	(47.30)jkl
	1.23
	26.23
	34.90gh

	C2G2M3
	16.00
	47.67
	(43.66)lmn
	46.00
	(42.70)mno
	0.00
	24.80
	33.43hij

	C2G3M1
	18.00
	36.67
	(37.23)pqrs
	34.00
	(35.66)qrs
	0.00
	18.40
	29.47mn

	C2G3M2
	17.56
	38.00
	(38.05)opqr
	37.67
	(37.85)pq
	0.00
	24.20
	34.20ghi

	C2G3M3
	18.00
	38.67
	(38.45)opq
	37.33
	(37.66)pq
	0.00
	22.07
	31.37jklm

	C3G0M1
	10.78
	71.33
	(57.65)cde
	71.00
	(57.52)d
	4.67
	30.77
	37.60def

	C3G0M2
	8.67
	83.33
	(65.95)ab
	82.33
	(65.18)a
	7.07
	37.00
	44.03b

	C3G0M3
	9.78
	70.00
	(57.00)de
	67.67
	(55.35)def
	5.33
	33.07
	40.80c

	C3G1M1
	13.56
	72.33
	(58.28)cd
	71.00
	(57.47)d
	2.87
	34.47
	39.13cd

	C3G1M2
	10.89
	85.00
	(67.41)a
	83.67
	(66.19)a
	5.30
	41.47
	48.90a




	C3G1M3
	12.78
	77.33
	(61.64)bc
	76.67
	(61.19)bc
	3.33
	36.63
	44.27b

	C3G2M1
	16.78
	50.00
	(45.00)klm
	49.67
	(44.81)lmn
	0.00
	23.73
	38.90cde

	C3G2M2
	15.45
	59.33
	(50.38)nop
	59.33
	(50.38)hij
	1.27
	27.23
	34.77gh

	C3G2M3
	16.45
	52.67
	(46.54)jkl
	50.00
	(45.00)lmn
	0.00
	22.33
	31.23jklm

	C3G3M1
	17.33
	33.33
	(35.22)qrst
	32.67
	(34.85)qrs
	0.00
	22.33
	32.23ijkl

	C3G3M2
	16.00
	41.00
	(39.81)nop
	40.33
	(39.43)op
	0.00
	27.20
	31.50jklm

	C3G3M3
	16.67
	36.67
	(37.23)pqrs
	36.67
	(37.23)pqr
	0.00
	24.40
	31.37jklm

	SEm (±)
	0.626
	1.59
	1.178
	0.622
	0.75
	0.868

	CD (0.05)
	NS
	4.482
	3.32
	NS
	NS
	2.447



(Figures in parentheses indicate the corresponding arc sign value)

Table 3. Effect of types of cuttings, IBA concentrations and rooting media on root parameters

	Treatments
	No. of roots per cutting
	Root length (cm)

	
	15 DAP
	30 DAP
	45 DAP
	15 DAP
	30 DAP
	45 DAP

	Types of cutting (C)

	C1 (Top)
	13.78b
	22.34c
	28.25c
	3.23b
	5.09b
	5.88b

	C2 (Middle)
	17.24a
	30.65b
	35.67b
	4.75a
	6.54a
	7.23a

	C3 (Basal)
	17.46a
	32.49a
	38.69a
	4.84a
	6.55a
	7.39a

	SEm (±)
	0.281
	0.231
	0.211
	0.092
	0.119
	0.13

	CD (0.05)
	0.792
	0.652
	0.594
	0.26
	0.336
	0.367

	IBA (G)

	G0 (Control)
	9.77d
	18.65d
	24.44d
	3.84c
	5.51c
	6.39c

	G1 (250 ppm)
	15.37c
	27.93c
	33.17c
	4.18b
	5.98b
	6.74bc

	G2 (500 ppm)
	18.01b
	32.81b
	37.38b
	4.44ab
	6.32ab
	6.84b

	G3 (750 ppm)
	21.49a
	34.59a
	41.81a
	4.63a
	6.44a
	7.34a

	SEm (±)
	0.324
	0.267
	0.243
	0.107
	0.138
	0.15

	CD (0.05)
	0.915
	0.752
	0.686
	0.301
	0.388
	0.423

	Rooting media (M)

	M1 (Cocopeat)
	15.23c
	26.97c
	32.55c
	4.04b
	5.82b
	6.63b




	M2 (Cocopeat
+vermicompost)
	17.09a
	30.42a
	36.07a
	4.48a
	6.28a
	7.11a

	M3 (cocopeat+
vermiculite+perlite)
	16.16b
	28.10b
	33.99b
	4.30a
	6.09ab
	6.76ab

	SEm (±)
	0.281
	0.231
	0.211
	0.092
	0.119
	0.13

	CD (0.05)
	0.792
	0.652
	0.594
	0.26
	0.336
	0.367




Table 4. Interaction effect of treatments on root parameters

	Treatments
	No. of roots per cutting
	Root length

	
	15 DAP
	30 DAP
	45 DAP
	15 DAP
	30 DAP
	45 DAP

	C x G

	C1G0
	8.15g
	14.70i
	21.30i
	2.86
	4.41
	5.38

	C1G1
	13.22e
	20.56gh
	26.22fg
	3.27
	5.06
	5.76

	C1G2
	15.96d
	26.81f
	30.67e
	3.22
	5.40
	6.02

	C1G3
	17.78bc
	27.29f
	34.81d
	3.59
	5.50
	6.37

	C2G0
	9.96f
	19.80h
	25.09g
	4.40
	5.98
	6.84

	C2G1
	16.04d
	30.70e
	35.78d
	4.52
	6.36
	7.11

	C2G2
	18.96b
	35.00c
	38.55c
	4.73
	6.76
	7.10

	C2G3
	22.70a
	37.11b
	43.26b
	5.34
	7.08
	7.84

	C3G0
	11.19f
	21.44g
	26.93f
	4.28
	6.14
	6.96

	C3G1
	16.85cd
	32.52d
	37.52c
	4.76
	6.52
	7.37

	C3G2
	19.11b
	36.63b
	42.92b
	5.36
	6.80
	7.41

	C3G3
	24.00a
	39.37a
	47.37a
	4.97
	6.74
	7.82

	SEm (±)
	0.562
	0.462
	0.421
	0.185
	0.238
	0.26

	CD (0.05)
	1.584
	1.303
	1.188
	NS
	NS
	NS

	C x M

	C1M1
	12.94
	20.06f
	26.41
	3.09
	4.95
	5.67

	C1M2
	14.50
	25.14d
	30.39
	3.33
	5.24
	6.08

	C1M3
	13.89
	21.84e
	27.94
	3.28
	5.08
	5.90




	C2M1
	16.86
	29.33c
	34.15
	4.68
	6.35
	7.26

	C2M2
	17.86
	31.86b
	37.31
	4.91
	6.73
	7.43

	C2M3
	17.00
	30.77b
	35.56
	4.66
	6.54
	6.99

	C3M1
	15.89
	31.53b
	37.08
	4.34
	6.16
	6.95

	C3M2
	18.92
	34.25a
	40.50
	5.22
	6.86
	7.82

	C3M3
	17.58
	31.69b
	38.47
	4.96
	6.64
	7.40

	SEm (±)
	0.487
	0.4
	0.365
	0.16
	0.206
	0.225

	CD (0.05)
	NS
	1.128
	NS
	NS
	NS
	NS

	G x M

	G0M1
	9.18
	18.04h
	23.13
	3.53
	5.32
	6.09

	G0M2
	10.19
	20.74g
	26.67
	4.22
	5.68
	6.64

	G0M3
	9.93
	17.17h
	23.52
	3.78
	5.53
	6.44

	G1M1
	14.89
	25.89f
	31.48
	4.10
	5.81
	6.50

	G1M2
	16.11
	29.41de
	34.85
	4.20
	6.20
	6.94

	G1M3
	15.11
	28.49e
	33.19
	4.24
	5.92
	6.79

	G2M1
	17.52
	30.48d
	35.67
	4.42
	6.22
	7.03

	G2M2
	18.81
	35.74a
	38.67
	4.53
	6.48
	7.13

	G2M3
	17.70
	32.22c
	37.81
	4.36
	6.26
	6.37

	G3M1
	19.33
	33.48bc
	39.92
	4.10
	5.92
	6.88

	G3M2
	23.26
	35.78a
	44.07
	4.98
	6.76
	7.70

	G3M3
	21.89
	34.52ab
	41.44
	4.82
	6.64
	7.46

	SEm (±)
	0.562
	0.462
	0.421
	0.185
	0.238
	0.26

	CD (0.05)
	NS
	1.303
	NS
	NS
	NS
	NS

	C x G x M

	C1G0M1
	6.78p
	14.11qr
	18.89s
	2.50
	4.23
	5.10

	C1G0M2
	8.78op
	16.33pq
	24.33r
	3.00
	4.57
	5.63

	C1G0M3
	8.89op
	13.67r
	20.67s
	3.07
	4.43
	5.40

	C1G1M1
	12.78klmn
	16.33pq
	23.88r
	3.23
	4.93
	5.50

	C1G1M2
	13.78jkl
	23.22lm
	28.11op
	3.30
	5.27
	5.80

	C1G1M3
	13.11klm
	22.13lm
	26.67pq
	3.27
	4.97
	5.97




	C1G2M1
	14.89ijk
	23.11lm
	29.22o
	3.17
	5.33
	5.83

	C1G2M2
	16.44efghij
	31.55hi
	32.67n
	3.27
	5.63
	6.33

	C1G2M3
	16.56efghi
	25.78jk
	30.11o
	3.23
	5.23
	5.90

	C1G3M1
	17.33defghi
	26.67j
	33.67mn
	3.47
	5.30
	6.23

	C1G3M2
	19.00cdef
	29.44i
	36.44hijk
	3.73
	5.50
	6.53

	C1G3M3
	17.00efghi
	25.77j
	34.33lmn
	3.57
	5.70
	6.33

	C2G0M1
	9.89o
	19.00no
	23.60r
	4.20
	5.77
	6.47

	C2G0M2
	10.33no
	21.89lm
	27.11pq
	4.77
	6.13
	7.27

	C2G0M3
	9.67o
	18.51op
	24.55r
	4.23
	6.03
	6.80

	C2G1M1
	15.33hijk
	30.00i
	34.55klmn
	4.40
	6.27
	6.80

	C2G1M2
	16.89jkl
	31.11hi
	37.33ghij
	4.60
	6.50
	7.47

	C2G1M3
	15.89ghij
	31.00hi
	35.44jklm
	4.57
	6.30
	7.07

	C2G2M1
	18.56cdefg
	33.00fgh
	37.67fghi
	4.87
	6.60
	7.70

	C2G2M2
	19.89cd
	37.00bcd
	39.66def
	4.87
	6.97
	7.10

	C2G2M3
	18.44cdefg
	35.00def
	38.33efgh
	4.47
	6.70
	6.50

	C2G3M1
	23.67b
	35.33cde
	40.78d
	5.27
	6.77
	8.07

	C2G3M2
	24.33ab
	37.45bc
	45.11bc
	5.40
	7.33
	7.87

	C2G3M3
	24.00ab
	38.56ab
	43.89c
	5.37
	7.13
	7.60

	C3G0M1
	10.89mno
	21.00mn
	26.89pq
	3.90
	5.97
	6.70

	C3G0M2
	11.45lmno
	24.00kl
	28.56op
	4.90
	6.33
	7.03

	C3G0M3
	11.22lmno
	19.33no
	25.34qr
	4.03
	6.13
	7.13

	C3G1M1
	16.56efghi
	31.33hi
	36.00ijkl
	4.67
	6.23
	7.20

	C3G1M2
	17.67cdefgh
	33.89efg
	39.11defg
	4.70
	6.83
	7.57

	C3G1M3
	16.33fghij
	32.33gh
	37.45ghij
	4.90
	6.50
	7.33

	C3G2M1
	19.11cde
	35.33cde
	40.11de
	5.23
	6.73
	7.57

	C3G2M2
	20.11c
	38.67ab
	43.67c
	5.47
	6.83
	7.97

	C3G2M3
	18.11cdefg
	35.89cde
	44.99bc
	5.37
	6.83
	6.70

	C3G3M1
	17.00efghi
	38.44ab
	45.33bc
	3.57
	5.70
	6.33

	C3G3M2
	26.44a
	40.44a
	50.67a
	5.80
	7.43
	8.70

	C3G3M3
	24.67ab
	39.22ab
	46.11b
	5.53
	7.10
	8.43




	SEm (±)
	0.973
	0.801
	0.73
	0.32
	0.413
	0.45

	CD (0.05)
	2.744
	2.257
	2.057
	NS
	NS
	NS




Conclusion

The study revealed that using basal cuttings treated with 250 ppm IBA resulted in highest sprouting as well as survival percentages and a rooting medium of cocopeat and vermicompost in 1:1 ratio can significantly enhance the propagation efficiency of teasel gourd, making it a viable method for cultivation in nontraditional areas.
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