


Sustainable strategies for enhancing vegetative propagation efficacy and yield in sweet basil (Ocimum basilicum L.)



ABSTRACT 
Sweet basil (Ocimum basilicum L.) is an important aromatic, medicinal and culinary herb valued for pleasant fragrances and therapeutic properties. It is commonly used in perfumes, cosmetics, aromatherapy, flavoring, and herbal medicines. Vegetative propagation assures maintenance of desirable traits; however, rooting efficiency and initial establishment can be limiting factors. This study, carried out at College of Agriculture, Vellayani, Kerala Agricultural University, evaluated the influence of types of cuttings (terminal vs. semi-hardwood) and bioinoculants (arbuscular mycorrhizal fungi (AMF), Piriformospora indica, and plant growth promoting rhizobacteria consortium (PGPR Mix 1), on rooting, growth, and yield of sweet basil. A factorial experiment (2 × 3) was conducted using a completely randomized design. Semi-hardwood cuttings produced significantly longer roots and higher root biomass, whereas terminal cuttings developed more branches and yielded more fresh herbage and essential oil. Among the bioinoculants, P. indica significantly enhanced root number, root biomass, plant growth parameters, herbage yield, and essential oil yield, followed by AMF. PGPR Mix 1 exhibited comparatively lower performance. The interaction effects indicated that both the types of cuttings, when treated with P. indica, achieved superior rooting traits, plant growth, and oil yield. These findings suggest that use of either type of cuttings pretreated with bioinoculant P. indica, offers a practical approach for improving propagation efficiency and productivity in O. basilicum.
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1. INTRODUCTION
The growing preference for herbal remedies has led to a notable rise in the demand for medicinal and aromatic plants, as well as their cultivation (Yazdani et al., 2004; Zeng et al., 2013; Zahra et al., 2019). Over the last years, medicinal and aromatic plants have evolved from being relatively unknown or minor agricultural crops to significant alternatives as traditional food or feed crops. This growing importance in its cultivation is fueled by consumer interest in using these plants for culinary and medicinal purposes (Santoro et al., 2015; Zahran et al., 2020). The genus Ocimum, a member of the Lamiaceae family (Order Lamiales), are among the most significant medicinal plants and represents a highly versatile group of plants comprising over 64 species (Runyoro et al., 2010; Zahran et al., 2020). Sweet basil (O. basilicum) is among the most extensively grown species within the Ocimum genus, for its aromatic leaves, which are used dry or fresh as a condiment in different cultures and for the production of essential oil (Barbalho et al., 2012; Nadeem et al., 2022). Basil is generally propagated through seeds. However, the cross pollinating nature of basil accounts for variations in the morphology and chemical properties of basil species propagated through seeds (Giannoulis et al., 2025). Moreover, high cross pollination enables the deterioration of seeds over generations (Tyagi et al., 2025). Dode et al. (2003) observed that for Lamiaceae species, the individual variability caused by genetic heterogeneity poses a significant challenge in preserving superior plants or cultivars. El-Keltawi & Abdel-Rahman (2006) opined that vegetative propagation is particularly useful in sweet basil for obtaining high progeny uniformity and to overcome the individual variability in essential oil composition. According to Dou et al. (2018), using cuttings for propagation presents a viable alternative for cultivating sweet basil. El-Keltawi & Abdel-Rahman (2006) demonstrated a simple and effective method for quickly propagating sweet basil through rooted tip and single node cuttings and this approach has led to uniform progeny and minimized variability in essential oil composition among commercial varieties.Vegetative propagation is considered a crucial method for maintaining economically important varieties in sweet basil.This demands sustainable agricultural practices to enhance the efficiency of plant establishment and productivity of vegetatively propagated plants. Plant associated microbiomes have tremendous potential to improve plant resilience and yield in farming systems (Ahirwar et al., 2019). The influence of nurturing rhizospheric microorganisms on the enhancement of plant growth and the production of secondary metabolites has been documented in various medicinal plant species (Dojima & Craker, 2016). Arbuscular mycorrhizal fungi (AMF) play a crucial role in enhancing plant growth through a symbiotic relationship with the roots of plants. By colonizing plant roots, AMF significantly increase the plant’s ability to absorb water and essential nutrients particularly phosphorus, nitrogen, and micronutrients like zinc (Aggarwal et al., 2011; Wu & Zou, 2017; Zhao et al., 2022; Khaliq et al., 2022). Copetta et al. (2006) reported that inoculating O. basilicum with various AM fungi improved plant growth, secondary metabolic processes, and essential oil production. Toussaint et al. (2007) stated that AMF potentially promoted plant growth in O. basilicum. Studies conducted by Andrea et al. (2007) demonstrated that AM fungi can influence the growth and essential oil profile of sweet basil (O. basilicum var. Genovese). According to Abdel-Rahman et al. (2011), inoculation with AMF showed positive effects on growth parameters such as plant height, branch number, fresh and dry yield, oil percentage, oil yield, and nutrient uptake, in sweet basil. Khalediyan et al. (2021) demonstrated that colonization by AMF resulted in increased root development, more branches and inflorescences, greater plant height, and higher fresh and dry shoot weights, as well as improved essential oil production in O. basilicum and Satureja hortensis.
Piriformospora indica is an endophytic fungus that establishes symbiotic associations with plant roots, similar to arbuscular mycorrhizal fungi. This fungus promotes plant growth, facilitates nutrient uptake, and enhances resistance to both biotic and abiotic stresses in a wide range of plant species (Varma et al., 2012). Furthermore, P. indica contributes to the solubilization of organic phosphorus (P) and organic sulfur (S) in the soil, thereby making these nutrients available for plant absorption, thus functioning as a biofertilizer (Aslam et al., 2019). Dolatabadi et al. (2011) found that P. indica effectively enhanced the growth and yield in thyme as evident by increase in plant height, root length, number of shoots, fresh and dry weight of both roots and shoots and essential oil yield, highlighting the potential of this endophytic fungus as a beneficial agent for promoting plant growth. Similarly, fennel plants inoculated with P. indica exhibited notable increase in plant height, dry weight of both shoots and roots, as well as the essential oil yield when compared to the control. The concentration of anethole, the primary component of fennel essential oil, was also higher in plants treated with P. indica (Dolatabadi et al., 2011). Das et al. (2012) reported that colonization by P. indica led to an increase in plant height, branch count, average branch length, leaf number, leaf area, essential oil and facilitated earlier and more robust flowering, in Coleus forskohlii. Anith et al. (2018) reported significant increase in plant growth, total oleoresin and piperine content in P. indica inoculated bush pepper plants. Withania somnifera and Ocimum tenuiflorum when colonised with P. indica improved soil health, promoted early flowering, seed production and stimulated active components (Aslam et al., 2019). Plant growth promoting rhizobacteria (PGPR) are associated with plant roots, encompassing a variety of genera and species that inhabit the rhizosphere and rhizoplane. Various PGPR, including associative bacteria such as Azospirillum, Bacillus, Pseudomonas, and Enterobacter, have been utilized for their advantageous effects on plant development. PGPR can directly enhance plant growth by facilitating resource acquisition or modulating plant hormone levels, and indirectly by mitigating the adverse effects of various pathogens on plant growth and development (Tahir and Sarwar, 2013; Vejan et al., 2016; Tsukanova et al., 2017; Raj et al., 2020; Sun et al., 2024). Ordookhani et al. (2011) stated that PGPR have the capacity to enhance plant growth in O. basilicum. Roshanpour et al. (2014) demonstrated that the simultaneous use of PGPR strains leads to an increase in both the yield of essential oil and the shoot biomass in basil plants. Agami et al. (2016) found that treating seeds with PGPR prior to planting enhanced antioxidant levels, boosted photosynthetic efficiency and growth, and increased osmoprotectants and soluble sugars in basil. When basil plants were exposed to drought stress, the application of PGPR led to anatomical changes in leaf and stem tissues, thereby enhancing their drought stress tolerance. Hence, this study has been formulated to determine the type of cuttings, and bioinoculant that could improve rooting efficiency, plant establishment and yield in O. basilicum.
2. MATERIALS AND METHODS
This experiment was carried out at Department of Plantation, Spices, Medicinal and Aromatic Crops, College of Agriculture, Vellayani. Experiment was laid out in completely randomized design and experimental treatments were arranged in 2 x 3 factorial. Factor A included types of cutting and factor B comprised of different bioinoculants. Two types of cuttings viz. terminal cuttings (C1) and semi-hardwood cuttings (C2) were collected from mature O. basilicum plants. Cuttings of 10-15 cm length with 3 nodes were used for this study. Arbuscular mycorrhizal fungi (AMF) (B1), Piriformospora indica (B2) and plant growth promoting rhizobacteria consortium (KAU PGPR Mix 1) (B3), were the bioinoculants used for this research. AMF and PGPR Mix 1 were procured from the Department of Agricultural Microbiology, College of Agriculture, Vellayani. Piriformospora indica mycelium was cultivated and mixed with vermiculite for inoculation. Bioinoculant was added to the growing media at the time of planting at the rate of 20 g formulation by making a small cavity in the potting medium, in a growbag of size 10 cm x 5 cm x 5 cm. Potting mixture comprising of soil, sand and farmyard manure (3:1:1 ratio) was used for planting. Observations on rooting efficiency and plant establishment such as number, length, fresh and dry weight of roots, branch number, and survival percentage of plants were observed at 45 days after planting (DAP) in the nursery. The rooted cuttings were then transplanted to bigger polybags of size 30 cm x 20 cm x 20 cm. Recommended fertilizer levels of 160:80:80 kg NPK ha-1 (Al-Mansour et al., 2018) was adopted and plants were maintained in polybags until harvest. Observations on plant growth parameters such as plant height, number of primary and secondary branches per plant, number of leaves, number of flowering branches and leaf area (Abewoy et al., 2018) and yield parameters, such as total herbage yield (fresh and dry), essential oil content and essential oil yield were recorded at the time of harvest (90 days after transplanting) to analyse the effect of type of cutting, bioinoculants and their combination on plant growth and yield in sweet basil.
3. RESULTS AND DISCUSSION
3.1 Effect of types of cuttingsand bioinoculantsin improvingplant establishment 
At transplanting (45 DAP), it was observed that significantly higher root length (19.27 cm) and biomass (fresh-1.15 g; dry-0.19 g plant-1) were associated with semi-hardwood cutting, whereas, number of branches (4.73) were found to be higher in plants raised from terminal cutting. However, regarding the root number and survival per cent, there was no significant difference between the types of cuttings used (Table 1). In consensus with this study, Zigene and Kassahun (2016) observed that both top and middle cuttings exhibited on par effect on root number, root weight, leaf number and root weight in Sage (Salvia officinalis). Similarly, Ehlert et al. (2004) observed better rooting in cuttings from both the medial portion and the apical portion, in Ocimum gratissimum. In our study, the cuttings exhibited only 29-32 per cent survival. This low survival per cent in vegetative propagation might be the reason for using seeds as the propagule for commercial planting in spite of high variability in sweet basil plants. Putievsky & Galambosi (1999) affirmed that stem cuttings are not cost effective for commercial use in sweet basil. At 45 DAP, root number did not show any significant variation between the two types of cuttings in the nursery. However, in case of root length and root biomass, semi-hardwood cuttings out performed terminal cuttings and recorded significantly superior results (Table 1). According to Arya et al. (1994), the difference in rooting due to cutting position can be related to the difference in the chemical composition of the shoots. Bhardwaj & Mishra (2005) opined that variation in the performance of lower and upper portion cuttings may be due to their differences in the level of reserves. The better performance of semi-hardwood cuttings might be due to the higher carbohydrate reserve in it. Tschaplinski & Blake (1989) is of the view that semi-hardwood cuttings generally have more stored carbohydrates and nutrients compared to terminal cuttings, which can contribute to better root development. This points out that carbohydrate availability and metabolism play a crucial role in early rooting of cuttings. 
Among the bioinoculants tested, P. indica gave significantly higher rooting efficiency, with higher root number (105.70), root length (19.55 cm) and root weight (fresh-1.15g and dry-0.22 g plant-1) (Table 1). The improved rooting efficiency of P. indica could be attributed to its root colonization. On colonizing, mostly in the root epidermis and cortex, it modifies various phytohormonal pathways leading to rapid increase in auxin levels, which in turn aids to the root development (Vadassery et al., 2008; Meents et al., 2019). P. indica colonisation raised intracellular calcium concentration in the root cells and fungal exudates triggers the intracellular signalling cascade (Vadassery et al., 2009; Camehl et al., 2011; Jogawat et al., 2020). P. indica application enhanced rooting of cuttings in the propagation of medicinal and ornamental plants (Rai & Varma, 2005; Druge et al., 2007). Satheesan et al. (2012) observed that the number of roots increased in P. indica colonized plants in Centella asiatica, when compared to control plants. Also, significant increase in root biomass was observed in thyme (Dolatabadi et al., 2011) and fennel (Dolatabadi et al., 2011) on inoculation with P. indica. Similarly, P. indica colonization resulted in a rapid increase in root and shoot biomass in Centella asiatica and this increase in biomass was correlated with phytohormone regulation, producing higher levels of auxin and cytokinin (Jisha et al., 2018). However, in our study, AMF also showed on par values with P. indica in root length and root fresh weight. Ghorchiani et al. (2018) stated that AMF colonization improved root architecture and increased the absorptive surface area, allowing more efficient nutrient and water uptake. Similar results were recorded by Arzanesh et al. (2011) and Wu et al. (2016) in which AMF stimulates root growth by increasing IAA levels, and production of lateral roots and root hairs. Copetta et al. (2006) recorded that AMF fungi, Gigaspora rosea significantly increased root branching and length in O. basilicum. Similarly, Tanwar et al. (2013) observed that application of AMF resulted in increased plant height and root length in bell pepper plants. According to Karthikeyan et al. (2009) total dry matter production increased in VAM inoculated Ocimum sanctum, Catharanthus roseus and Cymbopogon flexuosus plants. Similarly, AMF colonization increased root biomass and led to higher root dry weight and length in O. basilicum and S. hortensis (Khalediyan et al., 2021). In the present study, it was found that AMF significantly improved number of branches and this is in line with the findings of Earanna et al. (2001) in which AMF fungi significantly increased the number of branches in Coleus aromaticus.
When the treatment combinations are analysed, significant variations were observed in root number, root length and root biomass (Table 1). Branch number and survival percent did not vary significantly with the treatment combinations. Terminal cuttings treated with P. indica produced significantly superior root number (11.60), followed by semi-hardwood cuttings treated with P. indica (99.80). Significantly superior root length (21.00 cm) was recorded in semi-hardwood cuttings treated with AMF. This was on par with terminal cuttings provided with P. indica. On analysing treatment combinations, it is clear that both types of cuttings supplemented with bioinoculants AMF and P. indica improved root biomass. 
Table 1. Plant growth parameters and survival per cent as influenced by types of cuttings and bioinoculant application in the nursery stage of sweet basil (at 45 DAP)
	Treatment
	Root number
	Root length (cm)
	Root fresh weight 
(g plant-1)
	Root dry weight 
(g plant-1)
	Number of branches
	Survival per cent

	Type of cutting
	
	
	
	
	
	

	C1- TC
	94.60
	17.70b
	1.01b
	0.17b
	4.73a
	32.42

	C2- SHC
	92.80
	19.27a
	1.15a
	0.19a
	3.93b
	29.81

	CD (0.05)
	NS
	0.92
	0.11
	0.02
	0.65
	NS

	CV
	5.48
	6.60
	9.75
	12.53
	19.99
	19.79

	Bioinoculants
	 
	 
	
	 
	 
	

	B1- AMF 
	94.10b
	19.65a
	1.12a
	0.17b
	4.60
	33.23

	B2- P. Indica
	105.70a
	19.55a
	1.15a
	0.22a
	4.30
	32.55

	B3- PGPR Mix 1
	81.30c
	16.25b
	0.97b
	0.16b
	4.10
	27.57

	CD (0.05)
	4.74
	1.13
	0.13
	0.02
	NS
	NS

	CV
	5.48
	6.60
	9.75
	12.53
	19.99
	19.79

	Treatment combination
	 
	 
	
	 
	 
	

	C1B1-TC with AMF
	94.00b
	18.30bc
	1.07ab
	0.17b
	4.80
	36.84

	C1B2- TC with P. indica
	111.60a
	19.70ab
	1.06ab
	0.18b
	4.80
	31.76

	C1B3- TC with PGPRMix1
	78.20c
	15.10d
	0.88b
	0.17b
	4.60
	28.67

	C2B1-SHC with AMF
	94.20b
	21.00a
	1.17a
	0.15b
	4.40
	29.63

	C2B2-SHC with P. indica
	99.80b
	19.40b
	1.23a
	0.26a
	3.80
	33.34

	C2B3-SHC with PGPRMix1
	84.40c
	17.40c
	1.06ab
	0.17b
	3.60
	26.47

	CD (0.05)
	6.70
	1.59
	0.18
	0.03
	NS
	NS

	CV
	5.48
	6.60
	9.75
	12.53
	19.99
	19.79


TC: Terminal cuttings; SHC: Semi hardwood cuttings; AMF: Arbuscular mycorrhizal fungi; PGPR Mix 1: Plant Growth Promoting Rhizobacteria Mix 1. The data represents the mean of three replications. Values that are followed by the same letter in a column do not differ significantly between them.
3.2 Effect of types of cuttings and bioinoculants on morphological parameters and plant establishment
The plant growth parameters viz. plant height, number of primary branches, number of leaves, number of flowering branches and leaf area were observed to be non significant between the two types of cuttings at 90 DAT (Table 2).This point to the conclusion that both the type of cuttings are equally effective in vegetative propagation. In line with the result of the present study, Zigene & Kassahun (2016) stated that both top and middle cuttings produced statistically similar growth in S. officinalis. However, terminal cuttings produced significantly higher number of secondary branches at 90 DAT. Number of branches is an important parameter in measuring plant growth. In consensus with our findings, Zigene & Kassahun (2016) reported highest branch number were obtained from terminal cutting, when compared to other types of cuttings in sage. Bahl et al. (2000) opined that number of leaves is an indication of plant vigour. However, in our study, types of cuttings didn’t produce significant effect on leaf number, indicating that both types of cuttings could be used for producing vigorous plant.
Among the bioinoculants, P. indica and AMF exhibited enhancement in various plant growth parameters. Both bioinoculants were observed to be on par with respect to plant height, secondary branches, and leaf area (Table 2). P. indica colonization resulted in an increase in the height, number of branches, average length of branches, number of leaves and leaf area of C. forskohlii plants (Das et al., 2012). Keramati et al. (2016) reported that basil plants treated with P. indica exhibited superior plant growth compared to control plants. Similar results were observed in Arabidopsis (Pan et al., 2017), thyme (Dolatabadi et al., 2011) and fennel (Dolatabadi et al., 2011). Rashnoo et al. (2020) found that treatment with P. indica enhanced growth, number of leaves plant-1, and dry weight of roots and shoots. This growth promotion was achieved through the production or manipulation of phytohormones such as auxin, cytokinins, gibberellins, abscisic acid, and brassinosteroids. Several researchers have also reported plant growth promotion due to inoculation with AMF. Inoculation with AMF showed positive effects on growth parameters like plant height and number of branches in O. basilicum plants (Paramanik & Paramanik, 2014). Khalediyan et al. (2021) observed that plants inoculated with AMF showed increased plant growth parameters and yield in O. basilicum and S. hortensis. Similar results were also recorded in bell pepper (Tanwar et al., 2013). Andrea et al. (2007) stated that the increased shoot growth observed in AMF inoculated plants is due altered profile of plant hormones like auxins, gibberellins, and abscisic acid. These hormones can induce reorientation of microtubules and impact stem elongation, internode length, leaf expansion, and trichome development. In our study, no significant variation was observed in number of primary branches at 90 DAT, while AMF showed significantly higher number of flowering branches (18.50) (Table 2). In line with our results, Vosnjak et al. (2021) reported that AMF promoted flowering in Ajania pacifica. According to Kalediyan et al. (2021) mycorrhizal colonisaion produced more number of branches and inflorescence per plant in O. basilicum and S. hortensis. This could be attributed to enhanced nutrient availability provided by AMF that aids host plants to promote growth and reproduction.
Plant growth parameters (plant height, number of secondary branches per plant, leaf number, number of flowering branches and leaf area) varied significantly among the treatment combinations (Table 2). Semi-hardwood or terminal cuttings treated with either AMF or P. indica exhibited superior results in all observations. This indicates that when supplemented with bioinoculants such as AMF or P. indica, both types of cuttings can be used for propagation. Moreover, flowering branches were observed to be significantly higher in the cuttings treated with AMF. 
Table 2. Plant growth parameters as influenced by types of cuttings and bioinoculant application in transplanted sweet basil, at harvest (90 DAT)
	Treatment
	Plant height
(cm)
	Number of branches
	Leaf number
	Flowering branches
	Leaf area (cm2)

	
	
	Primary 
	Secondary 
	
	
	

	Type of cutting
	
	
	
	
	
	

	C1- TC
	78.78
	5.15
	54.33a
	332.33
	14.22
	2794.46

	C2- SHC
	79.56
	4.93
	49.66b
	320.78
	15.67
	2834.75

	CD (0.05)
	NS
	NS
	4.44
	NS
	NS
	NS

	CV
	3.14
	24.26
	10.30
	9.92
	11.26
	20.35

	Bioinoculants
	 
	 
	 
	 
	 
	 

	B1- AMF 
	83.50a
	5.67
	57.83a
	391.33a
	18.50a
	3582.77a

	B2- P. Indica
	81.17a
	5.22
	55.00a
	335.50b
	14.00b
	2874.49a

	B3- PGPR Mix 1
	72.83b
	4.22
	43.17b
	252.83c
	12.33b
	1986.55b

	CD (0.05)
	3.12
	NS
	6.66
	40.74
	2.12
	720.44

	CV
	3.14
	24.26
	10.30
	9.92
	11.26
	20.35

	Treatment combination
	 
	 
	 
	 
	 
	 

	C1B1-TC with AMF
	82.33ab
	5.67
	61.33a
	414.33a
	17.67a
	3495.44a

	C1B2- TC with P. indica
	78.67bc
	5.11
	56.33a
	325.33b
	13.67bc
	2846.69ab

	C1B3- TC with PGPRMix1
	75.33c
	4.67
	45.33bc
	257.33c
	11.33c
	2041.24b

	C2B1-SHC with AMF
	84.67a
	5.67
	54.33ab
	368.33ab
	19.33a
	3670.10a

	C2B2-SHC with P. indica
	83.67a
	5.33
	53.67ab
	345.67b
	14.33b
	2902.29ab

	C2B3-SHC with PGPRMix1
	70.33d
	3.78
	41.00c
	248.33c
	13.33bc
	1931.87b

	CD (0.05)
	4.42
	NS
	9.41
	57.61
	2.99
	1018.86

	CV
	3.14
	24.26
	10.30
	9.92
	11.26
	20.35



3.3 Effect of types of cuttings and bioinoculants in herbage and oil yield 
Terminal cuttings exhibited significantly higher fresh herbage biomass while dry herbage biomass did not show any variation between two types of cuttings (Table 3). In sweet basil, fresh biomass is used for essential oil extraction. Hence, fresh yield of the plant has more relevance over the dry yield. There was no significant variation in essential oil content between the two different types of cuttings as well as bioinoculants used for planting. However, essential oil yield was significantly higher in plants raised from terminal cuttings, which due higher fresh herbage yield, consequent to the production of more number of branches in plants.
Among the bioinoculants used, P. indica and AMF exhibited enhancement in various yield parameters. P. indica exhibited significantly higher herbage yield and essential oil yield followed by AMF (Table 3). Inoculation of P. indica significantly increased the herbage yield and essential oil yield in O. basilicum (Keramati et al., 2016). Essential oil yield has also been observed to improve in Foeniculum vulgare (Dolatabadi et al., 2011), Thymus vulgaris (Dolatabadi et al., 2011) and Coleus forskohlii (Das et al., 2012). In our study, the herbage yield (fresh-165.10 g; dry-35.54 g) was observed to be higher in P. indica treated cuttings. According to Dolatabadi et al. (2011), inoculation with P. indica had resulted in increased plant height and root parameters,  and in turn yield, compared to non inoculated control plants in thyme (Thymus vulgaris). According to them, a growth promoting effect of P. indica is due to the production of phytohormones like auxins and cytokinins, and enhanced nutrient uptake by the roots. Barazani et al. (2007) stated that P. indica inhibits ethylene signalling, and thus, contribute to plant growth promotion. Franken (2012) reported that P. indica promotes vegetative growth by promoting initial stages of plant development and accelerated root development. Phytohormones synthesised and manipulated by phytohormone signalling generates compatible interactions between P. indica and host plant, leading to enhanced early root growth promotion and subsequently, greater biomass. As observed in our study, Abdel-Rahman et al. (2011) reported inoculation with AMF had positive effects on plant growth and yield in sweet basil plants.  AMF application increased rooting efficiency and subsequent plant growth, which might be due to improved nutrient and water uptake (Sun et al., 2024). According to Rouphael et al. (2015), AMF improve plant nutrition by increasing the availability as well as translocation of various nutrients. Improvement in plant growth is attributed to the hyphal network formed by the AMF with plant roots that enhances the access of roots to a large soil surface area (Bowles et al., 2016). In line with our study, Khalediyan et al. (2021) reported that AMF application increased fresh and dry herbage yield in terminal and semi-hardwood cutting treated with P. indica.
Among the treatment combinations, the highest herbage yield was recorded in terminal cuttings treated with P. indica (fresh-166.57 g; dry-35.05 g plant-1), which was on par with semi-hardwood cuttings treated with P. indica (163.63 g; dry-36.03 g plant-1). The oil content did not vary significantly among the treatment combinations. In case of oil yield, terminal cuttings with P. indica (83.58 g plant-1) exhibited significantly superior results followed by semi-hardwood cutting treated with P. indica (65.18 g plant-1) and terminal cuttings treated with AMF (60.00 g plant-1) (Table 3). 
Hence, this study reflects the fact that both the types of cuttings, terminal and semi-hardwood cuttings treated with the bioinoculants, P. indica and AMF recorded on par root and shoot growth parameters. However, herbage yield was observed to be higher for the cuttings treated with P. indica. Both types of cuttings can be effectively utilised for vegetative propagation of O. basilicum. However, as sweet basil is primarily grown for essential oil, and its extraction is mainly from the fresh herbage, P. indica is selected as the best bioinoculant application for the propagation and growth of sweet basil, as the highest herbage yield and consequently, higher oil yield was obtained in P. indica treated cuttings. 
Table 3. Yield parameters as influenced by types of cuttings and bioinoculant application in the transplanted sweet basil at harvest (90 DAT)
	Treatment
	Total herbage yield- fresh 
(g plant-1)
	Total herbage yield- dry 
(g plant-1)
	Essential oil content (fresh weight basis)
(%)
	Essential oil yield 
(g plant-1)

	
	
	
	
	

	Type of cutting
	
	
	
	

	C1- TC
	151.27a
	31.47
	0.43
	66.25a

	C2- SHC
	140.37b
	30.45
	0.40
	56.09b

	CD (0.05)
	8.449
	NS
	NS
	4.434

	CV
	5.64
	6.61
	19.60
	7.06

	Bioinoculants
	 
	 
	 
	 

	B1- AMF 
	145.13b
	30.26b
	0.40
	58.11b

	B2- P. Indica
	165.10a
	35.54a
	0.45
	74.38a

	B3- PGPR Mix 1
	127.22c
	27.08c
	0.40
	51.03c

	CD (0.05)
	10.35
	2.57
	NS
	5.431

	CV
	5.64
	6.61
	19.60
	7.06

	Treatment combination
	 
	 
	 
	 

	C1B1-TC with AMF
	150.00bc
	31.05b
	0.40
	60.00bc

	C1B2- TC with P. indica
	166.57a
	35.05a
	0.50
	83.58a

	C1B3- TC with PGPRMix1
	137.23c
	28.32bc
	0.40
	55.18c

	C2B1-SHC with AMF
	140.27c
	29.47bc
	0.40
	56.22c

	C2B2-SHC with P. indica
	163.63ab
	36.03a
	0.40
	65.18b

	C2B3-SHC with PGPRMix1
	117.20d
	25.83c
	0.40
	46.88d

	CD (0.05)
	14.63
	3.64
	NS
	7.681

	CV
	5.64
	6.61
	19.60
	7.06




4. CONCLUSION
The present study demonstrated that both terminal and semi-hardwood cuttings of O. basilicum are viable for vegetative propagation when supplemented with appropriate bioinoculants. Among the bioinoculants tested, Piriformospora indica consistently enhanced rooting efficiency, plant growth, and yield parameters, followed by arbuscular mycorrhizal fungi (AMF). AMF inoculation, however showed superior flowering traits. Among the inoculants tried, PGPR mix 1, exhibited comparatively lower performance across most traits. The interaction between cutting type and bioinoculant application revealed that both the types of cuttings, when combined with P. indica achieved significantly improved rooting, establishment, and yield. These findings underscore the potential of integrating vegetative propagation with targeted microbial inoculation to maintain varietal uniformity, enhanced resource utilisation, and improved herbage and essential oil yield in sweet basil. This integrated approach offers a sustainable and efficient propagation strategy for commercial cultivation of O. basilicum.
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