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Impact of Planting Schedules, Rooting Media and IBA Treatments on Hardwood Cuttings of Pomegranate (Punica granatum L.) cv. Bhagwa


ABSTRACT
	Aims: To determine the best planting time and suitable media combination in forbetter growth of Pomegranate cuttings. 
Study design: The experiment was laid out in a Completely Randomized Design (CRD) comprising nine treatment combinations replicated thrice
Place and Duration of Study: The study was conducted during 2021–2022 at the Department of Fruit Science, College of Horticulture, Mandsaur, under R.V.S.K.V.V., Gwalior (M.P.), India..

Methodology: The treatments consisted of two IBA concentrations (2500 and 3000 ppm) and three planting times, tested across different rooting media (soil, vermicompost + sand, and farmyard manure). Significant variations were observed among the treatments for all vegetative and root growth parameters.
Results: The treatment combination of planting on 22 February (P₂) with IBA at 3000 ppm (I₂) produced the most favorable outcomes. This combination (P₂I₂) resulted in the earliest sprouting (15.53 days), the highest percentage of sprouted cuttings (40.44%), and the greatest number of sprouts per cutting (6.13 at 45 days and 9.00 at 60 days). It also achieved the maximum shoot length (27.77 cm), number of leaves (71.27), leaf area (43.63 cm²), and chlorophyll content (36.81 SPAD units). Similarly, root development was significantly improved under this treatment, with the longest root length (25.83 cm), highest number of primary roots (17.27), secondary roots (57.00), root fresh weight (2.57 g), and root dry weight (1.93 g). Furthermore, this treatment recorded the highest survival rate (95.66%) and the lowest mortality rate (4.34%) at 75 days after planting.
Conclusion: This treatment combination substantially enhances rooting efficiency, vegetative growth, and survival rate, demonstrating its suitability for large-scale propagation and nursery establishment of pomegranate in this region.
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1. INTRODUCTION 

Pomegranate (Punica granatum L.) is a deciduous fruit tree belonging to the family Punicaceae and is considered one of the most significant fruit crops grown in tropical and subtropical regions. Native to the Iranian plateau (ancient Persia), the species has been extensively domesticated and cultivated across arid and semi-arid agro-ecosystems worldwide. In India, pomegranate is distributed from Kanyakumari to Kashmir; however, its commercial cultivation is largely confined to Maharashtra, while limited-scale production occurs in Gujarat, Rajasthan, Madhya Pradesh, , Tamil Nadu, Karnataka, Uttar Pradesh Andhra Pradesh, Punjab, and Haryana. Its adaptability to marginal soils and drought tolerance render it particularly suitable for arid and semi-arid regions (Manila et al., 2017).

At the national level, pomegranate occupies approximately 233.93 thousand hectares, yielding 2844.52 thousand metric tonnes of fruit annually. In Madhya Pradesh, the crop covers 9.68 thousand hectares with a total production of 114.27 thousand metric tonnes (Anonymous, 2018). Major pomegranate-growing districts include Shajapur, Khargone, Agar Malwa, Dhar, Ujjain, Khandwa, Dewas, Vidisha, Barwani, and Burhanpur, where favorable edaphoclimatic conditions support its cultivation.


Pomegranate is widely recognized for its nutritional and nutraceutical value, often termed as “nature’s power fruit.” The edible portion accounts for approximately 68% of the fruit, comprising 78% moisture, 1.6% protein, 14.5% carbohydrates, 10 mg calcium, 70 mg phosphorus, 0.3–0.7 mg iron, 0.10 mg riboflavin, and 16 mg ascorbic acid per 100 g of pulp (Bal, 2020). Beyond its nutritional importance, the fruit exhibits multiple pharmacological properties and is employed in traditional medicine for the prevention and treatment of cancer, cardiovascular disorders, hypertension, and microbial infections (Manila et al., 2017; Kahramanoglu and Umar, 2011).


Vegetative propagation through hardwood cuttings is a preferred method for the clonal multiplication of pomegranate, enabling the preservation of desirable genetic traits. However, rooting efficiency is markedly influenced by physiological and environmental factors such as the season, age and type of cutting, rooting medium, and the application of plant growth regulators (PGRs). Among these, auxins play a critical role in the induction and differentiation of adventitious roots. Auxins facilitate root initiation by disrupting cytokinin-mediated apical dominance and enhancing the accumulation and utilization of carbohydrates and nitrogenous compounds at the basal portion of cuttings (Cline, 2000).


Among synthetic auxins, Indole-3-butyric acid (IBA) has been extensively reported as the most effective compound for stimulating root induction and elongation. IBA promotes cellular dedifferentiation and division in the cambial and pericycle regions, leading to enhanced root primordia formation. It is also more stable and less susceptible to enzymatic degradation than natural auxins such as Indole-3-acetic acid (IAA). The efficiency of vegetative propagation, however, depends on the synergistic interaction between IBA concentration, planting time, and rooting medium composition, particularly moisture retention and aeration levels (Tanwar et al., 2020).


Propagation success is also seasonally regulated. Studies have demonstrated that mid-stem cuttings planted during January or February exhibit higher rooting percentages, survival rates, and shoot development due to favourable temperature and humidity conditions (Navjot and Kahlon, 2007; Singh et al., 2011). The interaction between planting time and auxin treatment significantly affects the morpho-physiological response of cuttings, as demonstrated by the enhanced shoot and root growth performance in pomegranate (Mehta et al., 2018).

Exogenous auxin application is a widely adopted practice for enhancing rooting success in woody perennials. IBA and Naphthalene Acetic Acid (NAA) are reported to be more effective than IAA for promoting root initiation, with IBA exhibiting greater physiological stability (Singh, 2017; Kumari, 2014). IBA application increases the number and length of roots per cutting by accelerating cambial activity, cell division, and tissue regeneration. In contrast, Gibberellic acid (GA3) has been reported to inhibit root initiation due to its antagonistic effect on auxin-mediated responses (Paul and Yang, 2006; Rymbai and Reddy, 2010; Mani et al., 2018).


Hence, the present investigation was undertaken to elucidate the interactive effects of planting time and the effect of IBA concentrations on the rooting and shoot growth behavior of hardwood cuttings of pomegranate (*Punica granatum* L.) cv. Bhagwa under the agro-climatic conditions of the Malwa Plateau. 
2.1 Experiment detail
The current investigation entitled “Effect of Different Time of Planting, Growth media and IBA Concentrations on Hardwood Cuttings of Pomegranate (Punica granatum L.) cv. Bhagwa under Malwa Plateau Conditions” was conducted during 2021–2022 at the experimental field of the Department of Fruit Science, College of Horticulture, Mandsaur, under Rajmata Vijayaraje Scindia Krishi Vishwa Vidyalaya (RVSKVV), Gwalior (Madhya Pradesh), India. 
2.2 Study Location
The experimental site is located on the Malwa Plateau (24°05′ N latitude, 75°04′ E longitude, 435 m AMSL) characterized by a semi-arid climate with an average annual rainfall of 800–900 mm. The soil of the experimental field was medium black with good drainage, having a pH of 7.2, electrical conductivity of 0.45 dS m⁻¹, and organic carbon content of 0.56%. During the experimental period, the mean maximum and minimum temperatures ranged from 18°C to 34°C, with relative humidity between 45–85%.


2.3 Methodology


The experiment was laid out using a Completely Randomized Design (CRD) comprising nine treatment combinations with three replications. Treatments included three rooting media (soil, vermicompost + sand, and farmyard manure) and two concentrations of Indole-3-Butyric Acid (IBA; 2500 and 3000 ppm). Hardwood cuttings of pomegranate cv. Bhagwa were prepared from one-year-old, healthy shoots, each measuring 15–20 cm in length and bearing 5–7 functional buds. The basal 2–3 cm portion of each cutting was treated with the respective IBA solution, prepared by dissolving the required quantity of IBA in a small amount of 95% ethanol and making up the volume with distilled water. Treated cuttings were quick-dipped for 10 seconds and then planted in 5 × 7 inch perforated polythene bags filled with the respective rooting media. The cuttings were maintained under partial shade conditions, and regular irrigation was provided to maintain adequate moisture and ventilation.

2.4 Experiment data collection
Observations were recorded on key parameters including days to sprouting, sprouting percentage, number of shoots per cutting, shoot length, leaf number, leaf area, chlorophyll content, root length, root number, and fresh and dry weights of shoots and roots. Survival percentage at 75 days after planting (DAP) were also recorded. Data were collected from five randomly selected cuttings per replication, averaged, and analyzed using analysis of variance (ANOVA) according to the method described by Panse and Sukhatme (1985). Statistical analysis was carried out using OPSTAT software (Department of Statistics, CCS HAU, Hisar), and treatment means were compared at a 5% level of significance (p ≤ 0.05). This methodological approach ensured precision and reproducibility in evaluating the combined influence of planting time and Effect of IBA Concentration on Rooting and Vegetative Growth of Hardwood Pomegranate Cuttings under Malwa Plateau Conditions
3. results and discussion
The present study assessed the effects of various planting times and Indole-3-Butyric Acid (IBA) concentrations on the sprouting behavior of hardwood cuttings of pomegranate (*Punica granatum* L.) cv. Bhagwa under the agro-climatic conditions of the Malwa Plateau. The data indicated significant variation among the treatments with respect to the number of days required for sprouting, the number of cuttings that sprouted, and the number of sprouts per cutting at 45 and 60 days after planting (DAP)
3.1 Days to Sprouting 

The results indicated that both planting time and IBA concentration had a significant impact on the initiation of sprouting in hardwood cuttings. Among the planting dates, 22 February showed the shortest time to sprouting (15.53 days), followed closely by 15 February (15.76 days). While 8 March exhibited delayed sprouting (17.52 days).. Similarly, among IBA concentrations, 3000 ppm resulted in the earliest sprouting (14.97 days), followed by 2500 ppm (15.03) whereas untreated cuttings took the maximum time (18.81 days). The interaction effect of planting time and IBA concentration was also significant, with 22 February combined with IBA 3000 ppm recording the minimum days to initiate sprouting (13.87 days). These findings indicate that optimal planting time combined with higher IBA concentration enhanced early sprouting, possibly due to the favorable environmental conditions and hormonal stimulation. IBA facilitates the hydrolysis and mobilization of stored carbohydrates and proteins towards the basal portion of cuttings, promoting cell division and bud break. Similar results were observed by Mehta et al. (2018) and Singh et al. (2017), who reported earlier and enhanced sprouting in pomegranate cuttings treated with higher concentrations of IBA under suitable temperature and humidity conditions.

3.2 Number of Cuttings Sprouted

Significant variation was also recorded in the number of cuttings sprouted across treatments. The treatment with 22 February planting recorded the highest mean number of sprouted cuttings (40.44), followed by 15 February (38.89), while the lowest number was observed in 8 March planting (35.22). Among IBA treatments, 3000 ppm IBA produced the highest sprouting percentage (43.22%), followed by 2500 ppm (41.89%), while the control showed the lowest response (29.44%). The combination of planting on 22 February and 3000 ppm IBA resulted in the maximum number of cuttings sprouted.

Table1: Effect of Varying Planting Times and IBA Concentrations
	Treatment Details
	Number of Days taken to start sprouting of cutting
	Number of cuttings sprouted
	Number of sprouts per cutting after 45 days
	Number of sprouts per cutting after 60 days

	P1
	15.76
	38.89
	5.01
	6.87

	P2
	15.53
	40.44
	5.14
	6.93

	P3
	17.52
	35.22
	3.93
	6.36

	S.Em(±)
	0.12
	0.50
	0.13
	0.10

	CD @ 5 %
	0.35
	1.48
	0.39
	0.30

	I0
	18.81
	29.44
	3.69
	5.33

	I1
	15.03
	41.89
	5.02
	7.28

	I2
	14.97
	43.22
	5.38
	7.54

	S.Em(±)
	0.12
	0.50
	0.13
	0.10

	CD @ 5 %
	0.35
	1.48
	0.39
	0.30

	P1I0
	17.93
	29.00
	4.27
	6.03

	P1I1
	14.70
	43.33
	5.10
	7.10

	P1I2
	14.63
	44.33
	5.67
	7.47

	P2I0
	18.50
	30.33
	3.53
	5.43

	P2I1
	14.23
	44.67
	5.77
	7.47

	P2I2
	13.87
	46.33
	6.13
	7.90

	P3I0
	20.00
	29.00
	3.27
	4.53

	P3I1
	16.17
	37.67
	4.20
	7.27

	P3I2
	16.40
	39.00
	4.33
	7.27

	S.Em(±)
	0.20
	0.86
	0.23
	0.18

	CD @5 %
	0.60
	2.56
	0.67
	0.52


(46.33), while the minimum was observed in untreated cuttings of early and late plantings (29.00). The increase in the number of sprouted cuttings under IBA application may be attributed to the auxin-induced activation of meristematic tissues and enhancement of rooting ability, which subsequently supports shoot emergence. Moreover, favorable climatic conditions during the second planting date ensured better physiological responses and energy utilization. These findings are in line with those of Tanwar et al. (2020) and Rymbai and Reddy (2010), who reported that IBA-treated cuttings exhibited a higher percentage of sprouting due to better establishment and moisture absorption at the basal end of cuttings.

3.3 Number of sprouts per cuttings

The number of sprouts per cutting increased progressively over time and was significantly influenced by both planting time and IBA concentration. At 45 days after planting (DAP), the highest number of sprouts was observed in the combination of 22 February planting and 3000 ppm IBA (6.13), followed by 22 February with 2500 ppm IBA (5.77) and 15 February with 3000 ppm IBA (5.67). At 60 DAP, the same treatment maintained its superiority, producing the maximum number of sprouts per cutting (7.90). The increased sprouting under 3000 ppm IBA is likely attributable to enhanced auxin-induced translocation of carbohydrates and nutrients from the stem to developing buds, promoting bud differentiation and growth. These results align with the findings of Paul and Yang (2006) and Kumari (2014), who reported that higher auxin concentrations stimulate adventitious bud formation and increase the number of sprouts per cutting. Moreover, the interaction effect suggests that mid-February planting coincided with favorable ambient temperature and humidity, which enhanced the physiological activity of the cuttings, leading to better sprouting performance.



3.4 Shoot Length (cm)

Both planting time and IBA concentration significantly influenced shoot elongation in hardwood cuttings of pomegranate. Among planting times, the maximum shoot length was observed in the treatment with 22 February planting (25.34 cm), followed by 15 February (24.67 cm). While the minimum was recorded in the late planting of 8 March (22.65 cm). Similarly, among IBA concentrations, 3000 ppm resulted in the longest shoots (27.17 cm), followed by 2500 ppm (26.49 cm), whereas untreated cuttings recorded the shortest shoots (19.00 cm). The interaction effect between planting time and IBA concentration was also significant, with 22 February and 3000 ppm IBA producing the longest shoots (27.77 cm). This enhancement in shoot elongation with IBA 3000 ppm may be attributed to the auxin-induced promotion of cell division and elongation at the apical meristem, resulting in better vegetative growth. Moreover, the mid-February planting provided favorable environmental conditions such as moderate temperature and optimal humidity, which favored metabolic activity and translocation of nutrients. These findings are consistent with the reports of Tanwar et al. (2020) and Mehta et al. (2018).


3.5 Number of leaves per cutting

A significant effect of planting time and IBA concentration was also observed on the number of leaves per cutting. The 22 February planting recorded the maximum number of leaves (61.67), followed by 15 February (59.01).  Whereas 8 March recorded the minimum (57.46). Among the IBA concentrations, 3000 ppm (67.78) and 2500 ppm (67.68) recorded nearly similar leaf numbers (42.68), both being significantly superior to the control. The increase in leaf number due to IBA application can be attributed to enhanced nutrient uptake and photosynthetic efficiency resulting from improved root activity and hormonal stimulation. Auxin plays a pivotal role in promoting vegetative growth by facilitating the translocation of assimilates from storage tissues to actively growing regions. These observations align with the results reported by Rymbai and Reddy (2010) and Kumari (2014).


3.6 Leaf Area (cm2)

Leaf area was also significantly affected by both planting time and IBA concentration. The 22 February planting recorded the highest mean leaf area (40.58 cm2), followed closely by 15 February (40.18 cm2), while the lowest was found in the late planting of 8 March (39.00 cm2). Among IBA concentrations, 3000 ppm exhibited the largest leaf area (43.12 cm2), followed by 2500 ppm (42.78 cm2), while untreated cuttings recorded the minimum (33.86 cm2). This increase in leaf area under IBA treatment is likely due to improved root-shoot signaling and water relations that enhance turgidity and leaf expansion. Auxin application enhances chlorophyll biosynthesis and stimulates carbohydrate accumulation in leaf tissues. These findings are in agreement with Singh et al. (2017) and Paul and Yang (2006).


3.7 Chlorophyll Content (SPAD Value)

The chlorophyll content in leaves did not vary significantly among planting times but showed an increasing trend with higher IBA concentration. Maximum chlorophyll content was recorded with 3000 ppm, followed by 2500 ppm, while the minimum was observed in the control. This increase may be due to enhanced physiological activity and better nutrient uptake, particularly nitrogen and magnesium, under auxin influence. Similar observations were made by Bal (2020) and Tanwar et al. (2020), who reported that IBA application improves chlorophyll content and photosynthetic capacity of cuttings during early growth stages.


3.8 Fresh and Dry weight of Shoot (g)

The total fresh and dry weights of shoots were significantly influenced by planting time and IBA concentrations. Among planting times, 22 February recorded the highest shoot fresh (4.58 g) and dry weights (0.83 g), followed by 15 February (4.49 g)and (0.73 g), whereas 8 March recorded the lowest values (4.16 g), (0.39g). IBA 3000 ppm resulted in the highest fresh and dry weights (5.26g) (0.85g), followed by IBA 2500 ppm  (5.13g),(0.81g), while the control recorded the minimum (2.83g), (0.30g). The increase in biomass due to IBA treatment might be attributed to enhanced photosynthetic efficiency, accelerated cell division, and better nutrient assimilation. These results corroborate with Mani et al. (2018) and Mehta et al. (2018).


3.9 Length of longest roots (cm)

Root elongation was significantly affected by both planting time and IBA level. The cuttings planted on 22 February produced the longest roots (20.54 cm), followed by 15 February (20.19cm). Whereas late planting resulted in shorter roots (17.49 cm). With respect to IBA concentrations, the maximum root length was observed in IBA 3000 ppm (24.47cm), followed by IBA 2500 ppm (24.04cm), while the control recorded only minimal growth (9.71cm). This increase in root length under IBA treatment is likely due to the auxin-induced enhancement of cell division and elongation at the basal end of cuttings, facilitating the development of adventitious roots. Favorable temperature and soil moisture during mid-February further supported root elongation.



3.10 Number of Primary and Secondary roots

Significant differences were also observed in the number of primary and secondary roots per cutting. The highest number of primary and secondary roots was recorded in cuttings planted on 22 February (14.91 and 51.44, respectively), followed by 15 February (14.68 and 51.08). The lowest values were observed for cuttings planted on 8 March (13.62 and 49.78). Among the IBA treatments, 3000 ppm resulted in the greatest number of primary roots (16.83), (56.16) and secondary roots followed by 2500 ppm (16.60),(55.98). Whereas untreated cuttings recorded the least (9.78) (40.17). Auxins play a crucial role in stimulating the initiation of root primordia by increasing cell dedifferentiation and synthesis of nucleic acids and proteins at the rooting zone.

Table 2: Effect of different time of planting and IBA concentrations
	Treatment Details
	Length of longest shoot (cm) at 60 DAP
	Number of leaves per cutting at 60 DAP
	Leaf area
(cm2)
	Chlorophyll content in leaves (SPAD
value)
	Total fresh weight of shoots
	Total dry weight of shoots

	P1
	24.67
	59.01
	40.18
	36.10
	4.49
	0.73

	P2
	25.34
	61.67
	40.58
	36.81
	4.58
	0.83

	P3
	22.65
	57.46
	39.00
	36.69
	4.16
	0.39

	S.Em(±)
	0.24
	0.94
	0.15
	2.60
	0.05
	0.04

	CD @ 5 %
	0.70
	2.81
	0.45
	7.72
	0.16
	0.11

	I0
	19.00
	42.68
	33.86
	31.89
	2.83
	0.30

	I1
	26.49
	67.68
	42.78
	36.92
	5.13
	0.81

	I2
	27.17
	67.78
	43.12
	40.79
	5.26
	0.85

	S.Em(±)
	0.24
	0.94
	0.15
	2.60
	0.05
	0.04

	CD @ 5 %
	0.70
	2.81
	0.45
	7.72
	0.16
	0.11

	P1I0
	20.73
	43.17
	34.77
	28.33
	3.17
	0.34

	P1I1
	26.00
	63.70
	42.70
	39.43
	5.10
	0.88

	P1I2
	27.27
	70.17
	43.07
	40.53
	5.20
	0.97

	P2I0
	20.97
	43.40
	34.97
	34.00
	3.07
	0.35

	P2I1
	27.30
	70.33
	43.13
	35.00
	5.27
	0.98

	P2I2
	27.77
	71.27
	43.63
	41.43
	5.40
	1.17

	P3I0
	15.30
	41.47
	31.83
	33.33
	2.27
	0.20

	P3I1
	26.17
	69.00
	42.50
	36.33
	5.03
	0.55

	P3I2
	26.48
	61.90
	42.67
	40.40
	5.17
	0.42

	S.Em(±)
	0.41
	1.64
	0.26
	4.50
	0.09
	0.07

	CD @5 %
	1.22
	4.86
	0.78
	13.37
	0.27
	0.20


Table 2: Effect of different time of planting and IBA concentrations (contd.)
	Treatment Details
	Length of longest root (cm) at 60
DAP
	Number of primary roots per cutting.
	Number of secondary roots per cutting.
	Total fresh weight of roots per cutting.
	Total dry weight of roots per cutting.
	Mortality% at 75 days
	Survival% at 75 days

	P1
	20.19
	14.68
	51.08
	2.13
	1.28
	13.63
	86.37

	P2
	20.54
	14.91
	51.44
	2.24
	1.38
	12.96
	87.04

	P3
	17.49
	13.62
	49.78
	1.99
	0.97
	25.39
	74.61

	S.Em(±)
	0.30
	0.12
	0.13
	0.04
	0.03
	0.52
	0.52

	CD @ 5 %
	0.89
	0.37
	0.40
	0.13
	0.10
	1.56
	1.56

	I0
	9.71
	9.78
	40.17
	1.68
	0.42
	34.04
	65.96

	I1
	24.04
	16.60
	55.98
	2.29
	1.57
	9.36
	90.64

	I2
	24.47
	16.83
	56.16
	2.40
	1.64
	8.58
	91.42

	S.Em(±)
	0.30
	0.12
	0.13
	0.04
	0.03
	0.52
	0.52

	CD @ 5 %
	0.89
	0.37
	0.40
	0.13
	0.10
	1.56
	1.56

	P1I0
	9.80
	10.40
	39.60
	1.83
	0.76
	28.72
	71.28

	P1I1
	24.97
	16.67
	56.77
	2.27
	1.48
	6.17
	93.83

	P1I2
	25.80
	16.97
	56.87
	2.30
	1.61
	6.01
	93.99

	P2I0
	10.33
	10.50
	40.40
	1.80
	0.38
	28.57
	71.43

	P2I1
	25.46
	16.97
	56.93
	2.37
	1.83
	5.98
	94.02

	P2I2
	25.83
	17.27
	57.00
	2.57
	1.93
	4.34
	95.66

	P3I0
	9.00
	8.43
	40.50
	1.40
	0.12
	44.83
	55.17

	P3I1
	21.70
	16.17
	54.23
	2.23
	1.40
	15.93
	84.07

	P3I2
	21.77
	16.27
	54.60
	2.33
	1.39
	15.40
	84.60

	S.Em(±)
	0.52
	0.21
	0.23
	0.07
	0.06
	0.91
	0.91

	CD @5 %
	1.55
	0.64
	0.69
	0.22
	0.17
	2.70
	2.70


The increased root number observed during mid-February may be attributed to favorable temperatures that support optimal enzymatic activity and adequate moisture conditions. A similar enhancement in root development with IBA treatment has been reported by Saini et al. (2016) and Singh et al. (2021).



3.11 Fresh and Dry Weight of roots (gm)
Fresh and dry weights of roots exhibited a similar pattern of variation. The 22 February planting recorded the highest mean fresh (2.24g) and dry weight (1.38g), followed by 15 February (2.13g), (1.28g). Whereas the lowest values were observed in 8 March (1.99 g) (0.97g). Among IBA concentrations, 3000 ppm produced the highest total fresh (2.40g) and dry weight (1.38g) followed by 2500 ppm (2.29 g) (1.28g). The untreated cuttings showed the least accumulation (1.68 g) (0.97g). Enhanced biomass accumulation under IBA application could be due to improved root initiation, elongation, and nutrient uptake efficiency, leading to higher metabolic activity and carbohydrate translocation.


3.12 Survivality and Mortalty (%)

Finally, survival and mortality percentages of cuttings at 75 days after planting were markedly influenced by both planting time and IBA levels. The 22 February planting exhibited the highest survival percentage (87.04%) and lowest mortality (12.96%), followed by 15 February, while 8 March recorded the least survival (74.61%) with maximum mortality (25.39). Regarding IBA treatments, 3000 ppm recorded the highest survival (91.42%) and lowest mortality (8.58%), followed by 2500 ppm, while the control exhibited the lowest survival (74.61%) and highest mortality (34.04%). The higher survival rate in IBA-treated cuttings may be attributed to improved rooting, water absorption, and better physiological balance between root and shoot growth. Early root establishment under optimal conditions reduces desiccation stress and enhances cutting viability. These results corroborate the observations of Mehta et al. (2018) and Singh et al. (2017).

4. Conclusion
Based on the present study, it was observed that both IBA concentrations and the timing of cutting significantly influenced the root and shoot characteristics of pomegranate cv. Bhagwa. Among the cuttings planted at five-day intervals, those planted on 22 February (P₂) exhibited the highest rooting and shoot parameters, along with a greater survival percentage compared to the other planting dates. Similarly, the IBA concentration of 3000 ppm (I₂) produced superior rooting and shoot growth as well as higher survival rates compared to lower concentrations and the control. The combination of 22 February planting with 3000 ppm IBA (P₂I₂) was found to be the most effective, resulting in maximum rooting and shoot development, the highest success rate, and the greatest survival percentage of cuttings.
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