Evaluation of Mutant Lines of Mentha arvensis L. for Agronomic and Quality Traits
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Abstract 
A field experiment was conducted to study the performance of mutant lines of menthol mint over their respective checks. For this purpose, stolons of both parental checks i.e cv. Kosi and CIM Kranthi and their ten mutant lines were evaluated for growth and yield at Kittur Rani Channamma College of Horticulture, Arabhavi, Belagavi district, University of Horticultural Sciences Bagalkot, Karnataka during 2021-22. The experiment was conducted with K20P23, K20P41, K20P26, K20P33, K20P13, cv. Kosi, CK40P17, CK20P113, CK20P43, CK20P22, CK20P79 and cv. CIM Kranthi. Among different treatments CK20P79 recorded maximum plant height (74.40 cm), plant spread (76.95 cm) and more number of branches i.e 52.60. Maximum fresh herbage yield per ha (18.41 tonnes) was recorded by the genotype CK20P79. Higher shade dried yield plot was noted in CK20P79 (19.81 kg). K20P33 recorded the highest ratoon yield about 18.49 tonnes per hectare. Total fresh herb was reported in CK20P79 (33.17 ton). Highest oil yield per hectare (121.53 kg) was recorded by CK20P79. Whereas in the ratoon crop, highest oil yield per hectare was recorded by K20P33 (156.54 kg). The maximum content of essential oil was identified in CK20P43 (1%) and lowest was by K20P41 (0.62%).
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Introduction
[bookmark: _Hlk113223636]Aromatic plants are ‘natural biochemical factories’ or ‘chemical goldmines’. They contain volatile odorous substances, such as oleoresin, balsam, essential oil and green exudates in different plant parts (Shormin, et.al, 2009). Among varies aromatic crops only 65 species are commercially cultivated (Sarika, 2007). The genus Mentha is highly variable in its characteristics and ploidy level including 25-30 cultivated species. However, only five of them, Japanese mint (Mentha arvensis L.), Peppermint (Mentha piperita), Spearmint (Mentha spicata L.), Scotch spearmint (Mentha cardiaca L.) and Bergamot mints (Mentha citrata L.), are commercially cultivated. Mentha arvensis L. is commonly known as Japanese mint, corn mint or menthol mint. It is originated in the Mediterranean region and distributed in temperate and subtropical areas of the world (Chauhan et al., 2012). The stem is dark green, quadrangular, 60-90 cm high, bearing opposite leaves at each node. The inter nodal region is smooth and striated (Chawla and Thakur, 2013). Menthol mint herbage yields 0.6 percent essential oil with high menthol content (70-85%) which is of very high industrial importance (Kizil et al., 2010).
In India, the crop improvement work in mint had been confined to the introduction, selection, hybridization, and other breeding programs. The concentrated and focused research in India is carried out in the Central Institute of Medicinal and Aromatic Plants (CIMAP) at Lucknow, Uttar pradesh. Existing varieties are performing better under North Indian conditions. So, no such varieties or genotypes are developed for South Indian conditions. Considering this, the present investigation has been planned to develop new mutants with desirable characteristics such as high herbage yield, oil, menthol content, and through induced mutations.

Materials and methods	
In the Agro Climatic Zone of Karnataka, the experimental field is located in the Northern Dry Zone (Zone –III) of Region – II. It's at 16° 15' North latitude, North 75° E longitude, and 612 meters above sea level. The experiment was laid out in Randomized Completely Block Design with three replication. Ten advanced mutant lines along with two parental checks viz., cv. Kosi and CIM Kranthi were used for planting. The entire area was initially prepared into 20 cm raised beds of 120 cm width and of convenient length. Later plots of 4.8 m width and 2.8 m length were laid out with leaving 1.2 m space between. Inline drip irrigation system with 16 mm laterals having emitters of 2 lph co extruded at 40cm interval was installed prior to planting. White, uniformly thick, 10–12 cm long stolons were collected for the purpose of planting in November. The stolons were kept horizontally at a depth of 2.5 to 4.0 cm, and then covered with soil and 150:60:60 kg NPK and 15t of FYM per ha has been dispersed over the entire field one week prior to planting.
Irrigation was given immediately after planting and subsequent irrigations were given at eight to ten days intervals depending on the rainfall and soil moisture. The crop was harvested at 150 days after planting (Desai, et al., 2018). Observations on growth parameters like plant height, plant spread, number of branches and yield parameters like fresh and shade dried herbage yield were recorded on five randomly selected plants in each replication of different treatments at harvest. The plant material was chopped into small pieces and essential oil extraction was done by hydro-steam distillation method using essential oil extraction unit of 10 kg capacity (CSIR – Institute of Himalayan Bio resource Technology patented technology) (Chandrakala, et al., 2023). Essential oil content was estimated on shade dried weight basis and menthol content was estimated using gas chromatography and both are expressed in percentage (%).

Results and Discussion
Performance of genotypes for growth parameters
Growth parameters like plant height, Plant spread and number of braches was recorded from 45 Days after planting (DAP) to till harvesting stage is summarized in the table 1. In general the growth parameters were slow at early stages, increased gradually and attained maximum at the time of harvest. Data on this indicated significant difference among the mutants and checks throughout the study and yield parameters like fresh herbage yield and oil yield was recorded at harvest time.
There was much clear difference in plant height at harvesting stage with CK20P79 (74.40 cm) recorded taller plants followed by CK20P17 (71.44 cm) while the lower plant height was recorded by check cv. Kosi (46.31 cm). Overall the plants of Kranthi linage were taller than those of Kosi linage. However, all the advanced mutants of both Kosi and Kranthi were taller than their respective parental checks. Maximum plant spread was found in CK20P79 (76.95 cm) it is on par with CK20P22 (75.20 cm), CK20P113 (74.28 cm) and CK20P43 (71.40 cm). While the minimum was recorded in cv. Kosi (46.65 cm). During harvest branching ranged from 22.67 (Kosi) to 52.60 (CK20P79) which was on par with CK20P43 (50.73) and CK20P113 (50.20) and least branching were recorded by cv. Kosi (22.67). It is due to genetic variation in the mutant lines of two different back ground and its interaction with prevailing soil and meteorological conditions. The production of branches differs as result of increased cell division, resulting in increasing the number of vegetative buds on the main stem and also genetic character of the lines. These findings agree with those of Padma et al. (2020) and Jamir et al. (2017).

Table 1. Growth parameters of advanced mutant lines in menthol mint 
	Varieties/
Lines
	Plant height (cm)
	Plant spread (cm)
	Number of branches

	
	45
DAP
	60
DAP
	90 DAP
	At harvest
	45 DAP
	60 DAP
	90 DAP
	At harvest
	45 DAP
	60 DAP
	90 DAP
	At harvest

	K20P23
	4.83
	32.27
	42.23
	53.58
	14.63
	24.10
	37.67
	50.95
	5.87
	13.60
	19.40
	25.40

	K20P41
	4.83
	30.47
	40.77
	50.70
	13.88
	26.22
	39.62
	50.95
	6.20
	12.87
	19.93
	25.93

	K20P26
	4.96
	36.13
	48.47
	59.73
	15.82
	27.12
	39.72
	52.25
	5.73
	14.53
	21.80
	27.93

	K20P33
	7.04
	34.03
	46.93
	57.93
	15.55
	27.77
	40.57
	53.47
	4.80
	15.53
	18.33
	23.60

	K20P13
	4.40
	31.03
	40.44
	52.17
	14.12
	24.55
	37.03
	49.48
	5.60
	12.13
	22.60
	28.40

	cv. Kosi
	4.03
	27.13
	36.13
	46.31
	11.97
	22.00
	34.98
	46.65
	4.07
	12.27
	16.73
	22.67

	CK40P17
	13.29
	35.77
	52.33
	71.44
	25.77
	37.67
	56.01
	70.85
	7.87
	23.87
	39.87
	45.53

	CK20P113
	19.71
	38.80
	54.50
	67.93
	28.57
	37.87
	60.27
	74.28
	7.73
	28.07
	44.20
	50.20

	CK20P43
	16.83
	42.09
	56.03
	70.77
	26.87
	38.08
	55.33
	71.40
	7.60
	27.67
	44.47
	50.73

	CK20P22
	15.69
	39.95
	56.23
	68.27
	28.80
	39.42
	60.12
	75.20
	8.40
	24.53
	42.40
	49.20

	CK20P79
	19.81
	39.87
	58.97
	74.40
	29.35
	39.28
	60.08
	76.95
	8.73
	27.33
	46.40
	52.60

	cv. CIM Kranthi
	13.60
	38.63
	50.70
	64.10
	24.92
	37.98
	53.22
	66.73
	4.60
	18.73
	25.00
	30.73

	Mean
	10.75
	35.51
	48.64
	61.44
	20.85
	31.84
	47.88
	61.60
	6.43
	19.26
	30.09
	36.08

	S. Em±
	1.61
	1.52
	1.28
	0.94
	0.72
	0.65
	1.44
	2.02
	0.48
	1.62
	1.50
	1.54

	CD (p=0.05)
	4.71
	4.46
	3.75
	2.77
	2.10
	1.90
	4.24
	5.93
	1.40
	4.75
	4.41
	4.53



Yield parameters
Maximum fresh herbage yield was recorded by the genotype CK20P79 (489.72 g) which was on par with CK40P17 (455.87 g) and CK20P113 (446.73 g). Minimum herbage yield per plant was found in K20P23 (113.00 g). Highest fresh herbage yield per plot was recorded by CK20P79(21.21 kg) and lowest was 5.32 kg (Kosi). Significantly higher (18.41 tonnes) fresh herb yield was recorded in CK20P79 which was found to be on par with CK20P113 (17.18 tonnes), while the lowest herb yield (4.62 tonnes) was recorded in cv. Kosi. The genotype K20P33 recorded the highest ratoon yield 21.30 kg per plot and 18.49 tonnes per hectare. While lowest was noted in K20P41 (10.88 kg and 9.45 tonnes). Total fresh herb was significantly varied among the selected lines. It varied from 14.80 tonnes to 33.17 tonnes in K20P41 and CK20P79, respectively. The maximum weight of the plant could be attributable to increased growth and physiological characteristics. The increase in fresh, shade dried, and total herb yield could be attributed to the stimulatory effect of gamma irradiation on herbage yield, as gamma rays promote the role of the enzyme as well as growth hormone, both of which are responsible for growth and yield. These results are confirmed with the finding of by Shala (2019), Sisodia and Singh (2015), Wi et al. (2007), Minh et al. (2015), Lal et al. (2018) and Walid and Shimi (2014) Table 2 represented yield parameters. 




Table 2. Yield parameters of advanced mutant lines in menthol mint 
	Varieties/Lines
	Fresh plant weight
(g/plant)
	Fresh herb yield
(kg/plot)
	Fresh herb yield
(tonnes/ha)
	Ratoon fresh herb yield
(kg/plot)
	Ratoon fresh herb yield
(tonnes/ha)
	Total herbage yield
(tonnes/ha)

	K20P23
	113.00
	6.02
	5.22
	11.33
	9.84
	15.06

	K20P41
	129.67
	6.16
	5.35
	10.88
	9.45
	14.80

	K20P26
	153.40
	6.21
	5.39
	19.53
	16.96
	19.70

	K20P33
	253.13
	8.73
	7.58
	21.30
	18.49
	26.07

	K20P13
	140.73
	6.13
	5.32
	13.17
	11.43
	16.75

	cv. Kosi
	144.93
	5.32
	4.62
	17.67
	15.34
	17.40

	CK40P17
	455.87
	18.86
	16.04
	15.28
	13.27
	29.31

	CK20P113
	446.73
	21.00
	17.18
	17.17
	14.90
	32.08

	CK20P43
	396.27
	18.38
	15.96
	13.67
	11.86
	27.82

	CK20P22
	435.74
	17.95
	15.58
	16.03
	13.91
	29.50

	CK20P79
	489.72
	21.21
	18.41
	17.00
	14.76
	33.17

	cv. CIM Kranthi
	371.33
	15.39
	13.36
	15.07
	13.08
	26.45

	Mean
	294.21
	12.61
	10.83
	15.68
	13.61
	24.01

	S. Em±
	17.48
	1.58
	1.36
	1.33
	1.16
	2.01

	CD (p=0.05)
	51.27
	4.64
	4.00
	3.91
	3.40
	5.91




Essential oil yield and oil content
The main component of mint oil is menthol which forms nearly 30 - 40% of crude essential oil derived from mint species through the steam distillation process and it is highest at the flowering stage (Timeis, 2006). According to Taneja and Chandra (2012), menthol oil has wide range of uses in cosmetic and pharmaceutical industries. This also widely used to flavour breath fresheners, drinks, antiseptic mouth rinses, toothpastes, chewing gums, desserts, pan (betel) masalas, candies and mint chocolates. The essential oil yield and its quality mainly depending on the stage of harvest, method of planting, irrigation practices, type of soil and cultural practices during entire season based on this highest table 3 presents the oil yield per hectare was reported by K20P41 (121.53kg) and lowest by CK20P79 (12.73kg) in the main season. And total oil yield was obtained by summarizing the main and ratoon crop oil yield. i.e. CK20P79 (237.85 kg) recorded highest and K20P41 (70.60 kg) recorded the lowest oil yield and highest oil content (1%) was recorded by CK20P43. This may be due to the interaction of the genotype with the environment and crop maturity, and also production of secondary metabolites in the plant which results in the significantly changes in  the amount of essential oils due to induced mutation. Rekha et al. (2014), Walid and Shimi (2014) and Minh et al. (2015) all published similar finding.







Table 3. Oil yield of advanced mutant lines in menthol mint 
	Varieties/Lines
	Oil yield (Main crop)
	Oil content (%)
	Oil yield (Ratoon)
	Oil content (%)
	Total Oil yield

	
	(g/plot)
	(kg/ha)
	
	(g/plot)
	(kg/ ha)
	
	(g/plot)
	(kg/ha)

	K20P23
	17.00
	14.76
	0.51
	73.67
	63.95
	0.67
	90.67
	78.70

	K20P41
	14.67
	12.73
	0.50
	66.67
	57.87
	0.62
	81.33
	70.60

	K20P26
	34.67
	30.09
	0.62
	136.33
	118.34
	0.89
	171.00
	148.44

	K20P33
	47.00
	40.80
	0.53
	180.33
	156.54
	0.86
	227.33
	197.34

	K20P13
	33.33
	32.70
	0.52
	100.00
	86.81
	0.73
	137.67
	119.50

	cv. Kosi
	27.33
	23.73
	0.49
	97.67
	84.78
	0.57
	125.00
	108.51

	CK40P17
	115.33
	102.10
	0.59
	126.67
	109.95
	0.75
	222.67
	212.05

	CK20P113
	126.67
	109.95
	0.57
	131.00
	113.72
	0.79
	257.67
	223.67

	CK20P43
	113.67
	98.67
	0.53
	133.33
	114.58 
	1.00
	249.33
	216.44

	CK20P22
	122.00
	105.90
	0.52
	132.00
	114.29
	0.82
	254.00
	211.23

	CK20P79
	140.00
	121.53
	0.66
	134.00
	116.32
	0.82
	274.00
	237.85

	cv. CIM Kranthi
	106.67
	92.59
	0.56
	122.33
	105.22
	0.79
	217.67
	197.34

	Mean
	74.86
	65.46
	0.55
	119.50
	103.53
	0.78
	192.36
	169.28

	S. Em±
	11.65
	10.76
	0.09
	17.00
	14.29
	0.07
	22.67
	20.61

	CD (p=0.05)
	34.16
	31.55
	0.26
	49.85
	41.92
	0.22
	66.50
	60.45



Conclusion
All the selected mutant lines showed significance variation with respect to growth, biochemical and yield attributes due to mutation and also highly significant positive relationship with leaf area, number of branches, plant spread and plant height. These mutant genotypes showing greater yield potential with desirable qualities may be tested under different agro climatic conditions and those found suitable could be recommended for general cultivation. And also these should be tested in multi-location trials for evaluation of wider adaptability. 
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