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Abstract 
The study aims to evaluate the influence of Indole-3-butyric acid (IBA) and Naphthalene acetic acid (NAA) levels on the growth traits of Kagzi lime (Citrus aurantifolia Swingle). India is the fifth-largest producer of limes, and Kagzi lime is the third most significant fruit after sweet orange and mandarin. Kagzi lime is required to a wide range of soil and climatic conditions and is hard enough to withstand considerable neglect as compared to other fruit crops.  The experiment was conducted at Garden, College of Horticulture, Department of Fruit Science, Chandra Shekhar Azad University of Agriculture and Technology Kanpur, Uttar Pradesh in the year 2018-2019. It was carried out in a Completely Randomized Design (CRD) with 16 treatments and each treatment was replicated thrice. In the present investigation, healthy and disease-free branches of mother plants were selected. Mature shoots having a thickness of about 1.0 cm were selected and cuttings of about 20-25 cm in length were made containing 4-5 buds.  The effect of IBA 1000-3000 ppm and NAA 1000-3000 ppm alone and in combination on the growth of citrus cutting are discussed and interpreted in light of previous research in India and abroad. The finding showed that treatment of T15 (IBA 3000 ppm + NAA 3000 ppm) showed the number of roots per cutting (34.77), length of longest root (15.03mm), diameter of thickness of root (4.87mm), percentage of rooted cutting (70.03%) and survival per cent of root cutting (81.36%) was maximum. It is clear from the experiment that the combined application of IBA 3000 ppm and NAA 3000 ppm significantly enhanced the rooting and survival of Kagzi lime cuttings, yielded optimal results.
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Introduction 
The Rutaceae family includes the Kagzi lime (Citrus aurantifolia Swingle.), which has its origins in India. In India's tropical and subtropical regions, it is grown for commercial use. India is the fifth-largest producer of limes, and kagzi lime is the third most significant fruit after sweet orange and mandarin (Anonymous, 2014). The state of Maharashtra is at the forefront of acid lime cultivation. The main citrus fruit farmed commercially in the Vidarbha and Marathwada regions is kagzi lime. Although lime is typically eaten fresh, it is mostly used to flavour salads, fish, meat, and vegetable dishes. The fruit is prized not only for its nutritional content but also for its potential medical uses. It also creates tasty and cool cold beverages. One of the significant fruit crops farmed worldwide is kagzi lime. China, Brazil, India, and Mexico are the main producers of Kagzi lime. Although lime has been grown in many nations, no superior cultivars have been developed. “Phyto-hormones or plant growth regulators, naturally occurring compounds in plants, help regulate flower bud development processes and address flowering constraints” (Bairwa et al. 2025). “Indole-3-butyric acid (IBA) is a plant growth hormone in the auxin family which is widely used for root stimulation. Naphthalene acetic acid (NAA) and indole acetic acid (IAA) also belong to the auxin family, and they are commonly used for root initiation” (Tien et al., 2020).  “Kagzi lime is required to a wide range of soil and climatic conditions and is hard enough to withstand considerable neglect as compared to other fruit crops. It is relatively a disease-free crop subjected to only a few diseases and insects, and requires less plant protection and irrigation as compared to other important fruit crops” (Patel et al., 2021). “Kagzi lime is commercially propagated by seed, but because of its high polyembryony intensity (90–100%) and low risk of viral disease contamination, it can also be propagated via cutting, layering, and budding. It is the simplest and least expensive propagation method. One crucial aspect of citrus seed multiplication is nucellar embryony. Asexual embryos produce genetically homogeneous seedlings that replicate the genotype of the seed parent without any differences brought about by sporogenesis segregation or fertilization recombination. When plants are propagated from seeds, they grow taller and eventually develop fruit” (Hartmann and Kester, 1997) .
“To overcome this problem, vegetative multiplication through cutting, grafting, layering and budding is commonly practised. The vegetative methods of reproduction differ from sexual reproduction in that while the latter involves meiosis, in the former, new cells are formed by mitosis only” (Hartmann and Kester, 1997). “In addition to cambium frequent division may also take place in the cells of immature secondary phloem where callus origin” (Esau, 1965). “The fruits of Kagzi lime are extensively used for squashes, pickles, syrup and cordials, the manufacture of citric acid and for table purposes in the daily life of Indians. The peel contains volatile oil which is used in the production of perfumes and different kinds of sweets. Lime has medical uses like citric acid which is used as a drug. Kagzi lime is also used for the preparation of limeade mixed drinks, pickles and iced tea and is squeezed onto seafood to bring out the flavour. It is also used in bottled lime juice like “Limca” and carbonated beverages etc” (Patel et al., 2021).
“The juice is acidic with a distinctive flavour and is used for the preparation of “Shubuta” and “Sugar Sharbat”. These qualities make Kagzi lime an important and one of the most popular fruits of India. Keeping in view the need to work out the effective dose of boron on the growth, flowering and yield attributes of phalsa, the present experiment was undertaken with the following objectives”: (Patel et al.2021)
1. To find out the effect of IBA and NAA alone and with its combinations for the survivability of Kagzi lime stem cuttings. 
2. To investigate the best treatment of IBA and NAA for the survivability of Kagzi lime stem cuttings.
Materials and Method 
The present experiment was conducted at the Horticulture Garden, Department of Fruit Science, College of Horticulture, C.S. Azad University of Agriculture and Technology, Kanpur (U.P.). “Influence of IBA and NAA levels and their combinations on regeneration of Kagzi lime (Citrus aurantifolia Swingle) through stem cuttings” was carried out under Kanpur agro-climatic conditions at the research farm. In the present investigation, healthy and disease-free branches of mother plants were selected. “Mature shoots having a thickness of about 1.0 cm were selected and cuttings of about 20-25 cm in length were made containing 4-5 buds. The data obtained on each aspect of each treatment were statistically computed in C.R.D. design with 16 treatments in each treatment there are 20 cuttings and each treatment thrice replicated making the total number of cuttings 960. All treatments were planted in polybags with a spacing of polybags 20×25 cm. The observation regarding Days to sprouting, Number of sprouts per cutting, Percentage of sprouted cuttings, Length of sprouts, Diameter of sprouts, Number of leaves per cutting, Length of leaves, and width of leaves was recorded. Statistical analyses of the data obtained in the different sets of experiments were calculated as suggested by Panse and Sukhatme and results were evaluated at 5% significance” (Hartmann and Kester, 1997).
RESULTS AND DISCUSSION 
1. Number of roots per cutting 
The plants treated with IBA 3000 ppm coupled with NAA 3000 ppm (T15) produced a significant maximum of 34.77 roots per cutting followed by treatment of IBA 2000 ppm coupled with NAA 3000 ppm (T14) and IBA 1000 ppm + NAA 3000 ppm (T13) exhibited 34.15 and 34.07 roots per cutting respectively. In this regard, the minimum 20.06 number of roots per cutting was demonstrated under the treatment of control (T16) being significantly poorest. Remained treatments T1, T2, T3, T4, T5, T6, T7, T8, T9, T10, T11, T12 were revealed 25.13, 25.81, 26.78. 29.16. 30.00, 32.22, 30.33, 30.65, 32.42, 32.19, 32.34, 33.00 number of roots per cutting respectively. Treatments T6, T10, T11, and T12 when compared among themselves found to be Significantly equal in this regard. Similarly, in between treatments T7, T8, and T9 did not show significant variation when compared among themselves. Also treatments T4 and T5 when compared to one another did not show significant influence however, these treatments when compared to the remaining treatments T1, T2, and T3 separately showed significant variation. In between treatment of T1, T2 and T3 further employed as the comparative study found to be at par values in this treatment of T1 and T3 varied significantly, whereas the treatment of T1 and T2 and T2 and T3 did not indicate significant differences. These findings are in line with the reports of Hore and Sen (1993), Kaur et al. (2016)
Table-1. Effect of IBA and NAA levels and their combination on the number of roots per cutting in kagzi lime
	        Symbol 
	Treatment
	Number of roots per cutting


	T1
	IBA 1000 ppm
	25.13

	T2
	IBA 2000 ppm 
	25.81

	T3
	IBA 3000 ppm
	26.78

	T4
	NAA 1000 ppm
	29.16

	T5
	NAA 2000 ppm
	30.00

	T6
	NAA 3000 ppm
	32.22

	T7
	IBA 1000 ppm + NAA 1000 ppm
	30.33

	T8
	IBA 2000 ppm + NAA 1000 ppm
	30.65

	T9
	IBA 3000 ppm + NAA 1000 ppm
	31.42

	T10
	IBA 1000 ppm + NAA 2000 ppm
	32.19

	T11
	IBA 2000 ppm + NAA 2000 ppm
	32.34

	T12
	IBA 3000 ppm + NAA 2000 ppm
	33.00

	T13
	IBA 1000 ppm + NAA 3000 ppm
	34.07

	T14
	IBA 2000 ppm + NAA 3000 ppm
	34.15

	[bookmark: _Hlk197536842]T15
	IBA 3000 ppm + NAA 3000 ppm
	34.77

	T16
	Control (distilled water)
	20.06

	
	S.E. Difference
	0.6386

	
	C.D. @ 5 %
	1.3017



2. Length of longest root (cm)
The length of the longest root was earmarked and measured with a meter scale and the data thus, obtained were analyzed statistically. The mean values are summarized and displayed in Table 2. Under the treatment of IBA 3000 ppm coupled with NAA 3000 ppm (T15) the maximum 15.03 cm length of the longest root was significant and, in this regard, significantly shortest length of 10.32 cm was presented with control. (T16) treatment of IBA 1000 ppm + NAA 3000 ppm (T13) and IBA 3000 ppm + NAA 2000 ppm (T12) revealed 14.36 and 14.19 cm length respectively, when compared these treatments with the treatment of IBA 3000 ppm + NAA 3000 ppm did not differ significantly. Similarly, treatment of IBA 1000 ppm + NAA 3000 ppm (T13), IBA 3000 ppm + NAA 2000 ppm (T12) and IBA 2000 ppm + NAA 2000 ppm (T11) 13.88 cm when compared among themselves did not find significant variation. Remained treatments T1, T2, T3, T4, T5, T6, T7, T8, T9, and T10 recorded 11.50, 12.21, 12.73, 12.71, 13.20, 13.76, 12.98, 13.26, 13.48 and 13.62 cm length respectively during experimentation. Treatments T4, T5, T6, T7, T8, T9, and T10 when compared among themselves did not exhibit significant variation on length of root in stem cutting of kagzi lime. As for as, treatments T2 and T3 did not vary significantly however, these treatments when compared with treatments T1 it was found that treatments T1 and T2 were significantly equal, whereas, in between treatments T1 and T3 noted significant variation. These findings are in confirmatory with the reports of Upadhyay and Badyal (2007), Panda and Das (1990).
Table-2. Effect of IBA and NAA levels and their combination on length of longest root on the stem cutting in kagzi lime (cm)
	       Symbol 
	Treatment
	Length of longest root

	T1
	IBA 1000 ppm
	11.50

	T2
	IBA 2000 ppm 
	12.21

	T3
	IBA 3000 ppm
	12.73

	T4
	NAA 1000 ppm
	12.71

	T5
	NAA 2000 ppm
	13.20

	T6
	NAA 3000 ppm
	13.76

	T7
	IBA 1000 ppm + NAA 1000 ppm
	12.98

	T8
	IBA 2000 ppm + NAA 1000 ppm
	13.26

	T9
	IBA 3000 ppm + NAA 1000 ppm
	13.48

	T10
	IBA 1000 ppm + NAA 2000 ppm
	13.62

	T11
	IBA 2000 ppm + NAA 2000 ppm
	13.88

	T12
	IBA 3000 ppm + NAA 2000 ppm
	14.19

	T13
	IBA 1000 ppm + NAA 3000 ppm
	14.36

	T14
	IBA 2000 ppm + NAA 3000 ppm
	14.76

	T15
	IBA 3000 ppm + NAA 3000 ppm
	15.03

	T16
	Control (distilled water)
	10.32

	
	S.E. Difference
	0.4509

	
	C.D. @ 5 %
	0.9191


3. Diameter of thickest root (mm)
The diameter of the thickest root under each treatment was measured with the help of vernier callipers at final observation i.e. 60 days after planting and the average value was calculated. The data obtained were subjected to statistically analysis. The mean values were summarized and displayed in Table 3. The plants which were treated under the treatment of IBA 3000 ppm coupled with NAA 3000 ppm (T15) revealed a significant maximum 4.87 mm thickest root diameter of kagzi lime and the plants which were treated with control exhibited significantly thinnest 2.68 mm diameter having plants. Treatments of IBA 3000 ppm + NAA 2000 ppm (T12) and IBA 2000 ppm + NAA 3000 ppm (T14) presented 4.60 and 4.62 mm diameter having plant when these treatments compared with the treatment of IBA 3000 ppm + NAA 3000 ppm (T15) showed significantly equal diameter respectively. Treatments T8, T9, T10, T11, and T13 presented 4.20, 4.31, 4.26, 4.49 and 4.46 mm diameter of root respectively. Treatments of T8, T9, T10, T11 and T13 when compared among themselves found to be non-significant variation similarly, treatments T12 and T13 considerably compared found to be non-significant. Treatments T1, T2, T3, T4, T5, T6 and T7 revealed 3.43, 3.71, 3.97, 3.95, 4.07, 4.22 and 4.12 mm diameter of thickest root in the stem cutting of kagzi lime, when these treatments were compared among themselves, did not differ significantly, whereas, treatments T1 and T2 when compared in between found to be significant variation in this regard. These findings are confirmatory with the reports of Singh et. al. (2006) in sweet lime, and Singh et. al. (2014) in mulberry.
Table-3. Effect of IBA and NAA levels and their combination on the diameter of thickest root in the stem cutting of kagzi lime (mm).
	       Symbol  
	Treatment
	Diameter of thickest root

	T1
	IBA 1000 ppm
	3.43

	T2
	IBA 2000 ppm 
	3.71

	T3
	IBA 3000 ppm
	3.97

	T4
	NAA 1000 ppm
	3.95

	T5
	NAA 2000 ppm
	4.09

	T6
	NAA 3000 ppm
	4.22

	T7
	IBA 1000 ppm + NAA 1000 ppm
	4.12

	T8
	IBA 2000 ppm + NAA 1000 ppm
	4.20

	T9
	IBA 3000 ppm + NAA 1000 ppm
	4.31

	T10
	IBA 1000 ppm + NAA 2000 ppm
	4.26

	T11
	IBA 2000 ppm + NAA 2000 ppm
	4.49

	T12
	IBA 3000 ppm + NAA 2000 ppm
	4.66

	T13
	IBA 1000 ppm + NAA 3000 ppm
	4.46

	T14
	IBA 2000 ppm + NAA 3000 ppm
	4.62

	T15
	IBA 3000 ppm + NAA 3000 ppm
	4.87

	T16
	Control (distilled water)
	2.68

	
	S.E. Difference
	0.1460

	
	C.D. @ 5 %
	0.2953



4. Percentage of rooted cutting (%)
The number of rooted cuttings was counted at final observation and the percentage of rooted cutting was derived thus; data obtained were subjected to statistically analyzed. The mean values are summarized and presented in Table- 4. The plants which were treated with treatments of IBA 3000 ppm coupled with NAA 3000 ppm (T15) produced a significantly maximum of 70.03 per cent rooted cutting followed by treatment of IBA 3000 ppm + NAA 2000 ppm (69.18%) and IBA 3000 ppm (68.55%) respectively during the experimental year and control exhibited significantly maximum 46.23 percentage of rooted cutting. Treatments T8, T11, and T14 recorded 65.20, 63.05, and 65.27% of rooted cutting respectively when comparative studies among themselves were observed did not differ significantly. Treatments of T1, T2, T4, T5, T6, T7, T10 and T13 exhibited 57.76, 63.83, 52.49, 55.67, 58.63, 61.94, 61.65 and 62.00 per cent of rooted cutting respectively when these treatments were compared with treatment of T15 one by one respectively found to be significantly inferior percentage of root cutting. Treatments T3 and T9 exhibited 68.55 and 67.31 percent rooted cutting respectively when compared in between did not find to be significant variation in this regard. These findings are verified with the reports of Dutta P (2000) in citrus, Singh et. al. (2014) in mulberry 
Table-4. Effect of IBA and NAA levels and their combination on percentage of rooted cutting (%).
	       Symbol 
	Treatment
	Percentage of rooted cutting

	T1
	IBA 1000 ppm
	57.76

	T2
	IBA 2000 ppm 
	63.83

	T3
	IBA 3000 ppm
	68.55

	T4
	NAA 1000 ppm
	52.49

	T5
	NAA 2000 ppm
	55.67

	T6
	NAA 3000 ppm
	58.63

	T7
	IBA 1000 ppm+ NAA 1000 ppm
	61.94

	T8
	IBA 2000 ppm+ NAA 1000 ppm
	65.20

	T9
	IBA 3000 ppm + NAA 1000 ppm
	67.31

	T10
	IBA 1000 ppm + NAA 2000 ppm
	61.65

	T11
	IBA 2000 ppm + NAA 2000 ppm
	63.05

	T12
	IBA 3000 ppm + NAA 2000 ppm
	69.18

	T13
	IBA 1000 ppm + NAA 3000 ppm
	62.00

	T14
	IBA 2000 ppm + NAA 3000 ppm
	65.27

	T15
	IBA 3000 ppm + NAA 3000 ppm
	70.03

	T16
	Control (distilled water)
	46.23

	
	S.E. Difference
	1.3093

	
	C.D. @ 5 %
	2.6682



5. Survival percentage of rooted cuttings 
Treatments of IBA 3000 ppm coupled with NAA 3000 ppm exhibited significantly maximum (81.36%) percentage of rooted cutting followed by IBA 2000 ppm + NAA 3000 ppm (T14) and IBA 1000 ppm + NAA 3000 ppm (T13) noted 77.08 and 74.51% rooted cutting respectively and the poorest survival percentage of rooted cutting was obtained under the control (49.09%) followed by treatment T1- IBA 1000 ppm (54.36%). All other treatments of IBA 1000 ppm (T1),  IBA 2000 ppm (T2), IBA 3000 ppm (T3), NAA 1000 ppm (T4), NAA 2000 ppm (T5), NAA 3000 ppm (T6), IBA 1000 ppm +NAA 1000 ppm (T7), IBA 2000 ppm + NAA 1000 ppm (T8), IBA 3000 ppm + NAA 1000 ppm (T9), IBA 1000 ppm + NAA 2000 ppm (T10), IBA 2000 ppm + NAA 2000 ppm (T11), and IBA 3000 ppm + NAA 2000 ppm (T12) recording 54.36, 58.43, 60.83, 62.41, 63.38, 65.88, 59.26, 63.40, 64.15, 65.32, 66.78 and 69.56 % rooted cutting respectively. Treatments T6, T9, T10 and T11 did not vary significantly similarly, treatments T3, T4, T5, and T8 were exhibited significantly equal. As well as treatments T2 and T7 when compared between found to be non-significant, whereas, in this regard treatments of T12, T13, and T14 when compared among themselves differed significantly. These findings are in confirmatory with the reports of Debnath et. al. (1986) in lime, and Singh et. al. (2006) in sweet lime.
Table-5. Effect of IBA and NAA levels and their combination on survival percentage of root cutting.
	         Symbol 
	Treatment
	survival percentage of root-cutting

	T1
	IBA 1000 ppm
	54.36

	T2
	IBA 2000 ppm 
	58.43

	T3
	IBA 3000 ppm
	60.83

	T4
	NAA 1000 ppm
	62.41

	T5
	NAA 2000 ppm
	63.38

	T6
	NAA 3000 ppm
	65.88

	T7
	IBA 1000 ppm+ NAA 1000 ppm
	59.26

	T8
	IBA 2000 ppm+ NAA 1000 ppm
	63.40

	T9
	IBA 3000 ppm+ NAA 1000 ppm
	64.15

	T10
	IBA 1000ppm + NAA 2000 ppm
	65.32

	T11
	IBA 2000 ppm+ NAA 2000 ppm
	66.78

	T12
	IBA 3000 ppm+ NAA 2000 ppm
	69.56

	T13
	IBA 1000 ppm+ NAA 3000 ppm
	74.51

	T14
	IBA 2000 ppm+ NAA 3000 ppm
	77.08

	T15
	IBA 3000ppm + NAA 3000 ppm
	81.36

	T16
	Control (distilled water)
	49.09

	
	S.E. Difference
	1.4105

	
	C.D. @ 5 %
	2.8759



Conclusion
The experiment discussed the Influence of IBA and NAA  levels on the growth traits of Kagzi lime. Based on the findings, it is clear that the combined application of IBA 3000 ppm and NAA 3000 ppm significantly enhanced the rooting and survival of Kagzi lime cuttings yielded optimal results.
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