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Quality characteristics and table purpose suitability of short duration potato (Solanum tuberosum L.) hybrids and varieties grown in Chambal region of Madhya Pradesh, India
Abstract
The present investigation was undertaken to evaluate the table purpose suitability of  six hybrids and  seven varieties of potato grown in Chambal region of Madhya Pradesh based on their quality characteristics. The experiment was carried out in the Research Farm of ICAR-Central Potato Research Institute- Research Station, Gwalior (MP) during the year 2019-20 in rabi season at Randomized Block Design with three replications. Potato tuber characteristics included tuber shape, tuber skin colour, depth of eye, flesh colour, number of eyes on tuber, tuber length and tuber diameter, which are important for processing, marketing as well as for table purposes. Potato is an important vegetable crop is highly variable in shape and color.  From the results, it was concluded that variations existed among different hybrids and varieties of potato with respect to quality characteristics of tubers. Among the treatments hybrid P-36 /J/ 8-91 was round- oval shaped tubers but having shallow- medium eyes. Shallow types of eyes were observed in hybrids P-27/J/-05, P-31/J/7-37, P-40/J/8-85 and in varieties Kufri Garima, Kufri Mohan and Kufri Ganga. Maximum number of eyes on tubers was recorded in Kufri Lauvkar(11) among different treatments which led to the production of more number of tubers and higher total tuber yield. Six hybrids and seven varieties showed non-significant differences in lengths and diameters of tubers at 60, 75 DAP and at senescence. These findings suggested that three hybrids, P-27/J/-05, P-31/J/7-37, P-36/J/8-91 and two varieties, Khufri Garima, Khufri Mohan possessed desirable attributes making them suitable for table purpose consumption and farmers fetch better market prices with ensuring a reliable supply of table potatoes to meet the growing demand.
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1. Introduction
India is the 2nd largest potato producer contributing nearly 12 % of global production after China. Potato has occupied 3rd position as an important tuber crop after rice and wheat in terms of human consumption (FAO STAT, 2019). In India, potato is cultivated in 2.18-million-hectare area with production of 52.59 million tonnes and productivity is of about 24.08 t/ha. In the country, Gujarat is the highest in productivity (31.58 MT/ha). Madhya Pradesh is the 5th largest producer of potato and the state has taken large stride in potato production during last 10 years. Area, production as well as productivity of potato have increased tremendously in MP during this period. Total cultivable area under potato has increased almost more than double from 62 thousand in 2010-11 to 158.13 thousand ha in 2020-21. In same period production has increased more than four times from 743 to 3586.75 thousand MT and productivity almost became doubled from 12.0 in 2010-11 to 22.68 MT/ha in 2020-21 (Anonymous, 2018, 2021 and Sadawarti et al., 2019). 
Early harvesting potato varieties complete their life cycle in about days 60-75 days, are particularly important for early addition in table items, along with they allow flexibility in cropping systems and provide fresh produce to markets with higher premiums.(Kawar et al., 2018). Being a short duration and fast-growing crop generates an enormous opportunity for cultivating potato in densely populated Asian countries. Potato is consumed in different forms such as boiled or fried and many different processed food items. It is one of the most widely consumed vegetables and holds immense importance in the daily diet of Indian households.  Potato growers, marketers and consumers prefer tubers with good appearance, appropriate size, uniform shape, attractive skin and flesh color, and shallow eyes. Such attributes not only attract consumers’ preference but also improve market acceptability and enhance economic returns of growers (Panday et al., 2009). If there would be more options of short duration varieties for consumption and early marketing farmers must independently choose potato varieties and cultivate as per the need of consumers and can fetch profits by cultivating such varieties.
Physical characteristics of agricultural products are the most important parameters such as shape, size, skin color, skin thickness, flesh color, eye depth etc. are crucial determinants of consumers’ preference, grading, handling, processing and packaging system (A. Tabatabaeefar, 2002). Tuber characteristics include tuber shape, size, skin color, flesh color, eye depth, and general appearance. These are also called quality characteristics which are important for grading, processing and marketing. More importance is given to eye depth, tuber shape and general appearance. Consumers like potatoes of attractive look, suitable shape, size and shallow to medium eyes. Color is also an important quality attribute where golden yellow color is considered to be the best for high quality potato chips. Farmers can get maximum return by cultivating such varieties that would eventually improve their socio-economic conditions. Moreover, these quality traits influence grading, market price, and farmers’ acceptability. The demand for table-purpose potatoes is steadily rising due to increasing population, changing food habits, improved living standards, meet up instant necessity in kitchens, urbanization, and growth in household consumption. Hence, identification of suitable short-duration varieties is essential and for this reason the study was undertaken to determine the best post-harvest options of thirteen different potato hybrids and varieties grown in Chambal region of Madhya Pradesh on the basis of their physical characteristics for table purpose suitability.
2. Material and Methods
The experiment was carried out in the experimental area of the ICAR-CPRI-RS, Maharajpura, Gwalior (MP) during the rabi season of 2019-20. Six hybrids and seven varieties of potato tubers were used as treatments, namely hybrids - P-27/J/-05, P-29/J/7-15, P-31/J/7-37, P-36/J/8-91, P-40/J/8-85 and P-55/J/10-148, controls/check varieties Kufri Khyati, Kufri Lauvkar, Kufri Garima, Kufri Mohan, Kufri Ganga, Kufri Pukhraj and Kufri Pushkar. These hybrids and varieties were raised in randomized complete block design with three replications. Physical characteristics, viz. tuber shape visual observation of skin and flesh color, flesh score, eye type, and number of eyes present over the surface of different potato hybrids/varieties were recorded. Whereas, lengths and diameters of tuber were recorded at 60 days of planting, 75 days of planting and at senescence stage.
2.1 Tuber shape
With regard to shape of tuber, the tuber sample was recorded for shape in accordance to the succeeding key (Wooster & Farooq, 1995). 1 = Round, 2 = Round to short oval, 3 = Short oval, 4 = Short oval to oval, 5 = Oval, 6 = Oval to long oval, 7 = Long oval, 8 = Long oval to very long oval and 9 = Very long oval.
2.2 Tuber skin color

Based on tuber skin characteristics, tubers of tagged plants from each treatment were noted by visual observation immediately after harvesting i.e., white, cream or red.
2.3 Flesh color
Tubers from each treatment were cut into two halves and the assessment of the sample for flesh color, was done visually as described by (Wooster and Farooq, 1995).

1 = White, 2 = Cream and 3 = Yellow

2.4 Flesh score

Tuber flesh color was scored by visual observation according to the following- 

1 = White, 2 = Cream, 3 = Yellow, 4 = Red and 5 = Dark purple

2.5 Types of eyes
For eye type of tuber, tubers of tagged plants of each treatment were observed carefully and their eye types were noted as mentioned by Wooster and Farooq (1995).

1 = Very deep, 2 = Very deep to deep, 3 = Deep, 4 = Deep to medium, 5 = Medium, 6 = Medium to shallow, 7 = Shallow, 8 = Shallow to very shallow and 9 = Very shallow.
2.6 Number of eyes
With regard to number of eyes in tuber, tubers of tagged plants from each treatment were observed visually and counted the numbers of eyes present over the surface of potato tubers.

2.7 Tuber length (mm) and tuber diameter (mm)
All tagged plants from each treatment were recorded by using the vernier caliper to measure the readings and it was considered as tuber diameter and tuber length and expressed in millimeter.
3. Result and discussion
The data on the tuber parameters i.e., tuber shape, skin colour, tuber flesh colour, flesh score, types of eyes and number of eyes have been depicted in the Table-1. Hybrid P-36/J/8-91 showed round-oval shaped and control Kufri Lauvkar round shape tubers. Whereas, rest of all the hybrids and controls i.e., P-27/J/-05, P-31/J/7-37, P-40/J/8-85, P-55/J/10-148, Kufri Garima and P-29/J/7-15, Kufri Khyati, Kufri Pushkar, Kufri Mohan, Kufri Ganga, Kufri Pukhraj possessed oval and ovoid shaped tubers, respectively. On basis of skin colour of different treatments, hybrids P-36/J/8-91, P-55/J/10-148, controls Kufri Khyati, Kufri Lauvkar, Kufri Mohan and Kufri Ganga possessed white-cream skin color. Hybrids P-29/J/7-15, P-31/J/7-37, P-40/J/8-85 and control Kufri Garima showed light yellow skin colour and yellow skin color were recorded in hybrid P-27/J/-05 and controls Kufri Pushkar and Kufri Pukhraj. White-cream tuber skin colour was recorded in hybrids P-36/J/8-91, P-55/J/10-148, controls Kufri Khyati, Kufri Lauvkar, Kufri Mohan and Kufri Ganga. Hybrids P-29/J/7-15, P-31/J/7-37, P-40/J/8-85 and control Kufri Garima showed light yellow skin color and yellow skin color were recorded in hybrid P-27/J/-05 and controls Kufri Pushkar and Kufri Pukhraj. The data on flesh color and score indicated that yellow flesh colour tuber were observed in hybrids P-27/J/-05, P-29/J/7-15 and control Kufri Pukhraj scored 3; Light yellow flesh colour in hybrid P-40/J/8-85 and control Kufri Garima scored 2.5; Cream flesh color scored 2 was found in hybrid P-36/J/8-91 and controls Kufri Pushkar and Kufri Lauvkar. While, white to cream flesh colour scored 1.5 was observed in hybrids P-55/J/10-148, P-31/J/7-37 and controls Kufri Khyati, Kufri Ganga whereas white flesh color recorded in control Kufri Mohan scored 1. On the basis of tuber eye types, Deep eye type was recorded in hybrid P-29/J/7-15, whereas shallow to medium deep eyes were observed in hybrids P-36/J/8-91, P-55/J/10-148 and control Kufri Pukhraj. Shallow eyes were observed in hybrids P-27/J/-05, P-31/J/7-37, P-40/J/8-85 and controls Kufri Garima, Kufri Mohan and Kufri Ganga. While, medium to deep type eyes were recorded in controls Kufri Khyati, Kufri Pushkar and Kufri Lauvkar. The number of eyes presented on the surface of the tuber recorded maximum in Kufri Lauvkar(11) followed by  hydrid P-36/J/8-91, varieties Kufri Pushkar, Kufri Pukhraj found with 10 number of eyes. Hybrids P-27/J/-05, P-
 29/J/7-15, P-40/J/8-85 and varieties Kufri khyati and kufri Ganga recorded 9 number of eyes on potato tubers; hybrids P-31/J/7-37, P-55/J/10-148 and variety Kufri ganga recorded 8 number of eyes on potato tubers. Whereas, minimum number of eyes (7) was recorded in variety Kufri Mohan. Displayed results are in agreement with Mehta et al. 2018 concluded that Kufri Surya and Kufri Frysona showed oblong tubers, Kufri Chipsona-4, Kufri Chipsona-2, Kufri Himsona, Lady Rosetta, Atlantic and Kennebec showed round tubers, while oval to long oval tubers reported in Kufri Chipsona-1, Kufri Chipsona-3, Kufri Pukhraj and Kufri Sutlej. There are no specific criteria for potato shape to be used for different purposes. Except Lady Rosetta, all varieties are white skin color with shallow eye type. Das et al. (2014) reported that tubers with shallow eyes and good shape i.e., oval-round tuber are suitable for processing as well as cuisine purpose observed in early and late genotypes K. Sadabahar, K. Jyoti, PH-1 and PH-4. Tubers which are oval and round shape found suitable for processing purpose, as they easily make crisp diameter (Pandey et al. 2009). Seventeen varieties showed oval tuber shape and remaining 12 varieties showed round shape tubers (Rahman et al. 2017). Skin color is controlled by genetic factors because color doesn’t change with changing location or growing season but depth of eyes and tuber shape is controlled both by genetic and environmental factors. And also reported that oval shape tubers are preferred more for making chips and French fries (Anwar, 1982 and Abbas et al., 2011) Tuber flesh colour of a genotype is affected by environmental conditions (Sandhu et al. 2014). Asnake et al. (2023) reported that the existence of numerous eyes on big-sized potato tubers might lead to the production of many plants that results in production of more number of tubers and consequently higher total tuber yield. Present findings also supported by Khan et al. (2018), Luitel et al. (2016), Khan et al. (2019) and Nain Caroline Waingeh et al. (2019). Ghulam abbas et al. (2011) reported that in tuber characteristics variations existed among genotypes. Similar trend was also observed in present research problem.
The data on the tuber diameter and length of tuber have been presented in the Table-2. The data showed that lengths and diameters of tubers of different hybrids and controls at 60, 75 days after planting and at senescence found statistically unchanged. Lengths of tubers at 60, 75 days after planting and at senescence ranged from 55.33mm to 70.67mm, 54mm to 70mm and 58mm to 84.33mm, respectively. Diameters of tuber at 60, 75 days after planting and at senescence ranged from 43.33mm to 59.33mm, 47mm to 55.67mm and 48.33mm to 61mm, respectively. Present findings are supported by Tabatabaeefar (2002) who concluded that Draga variety had longer diameters than the other varieties of potatoes. Tsegaye et al. (2019) concluded that the main effects of a variety and seed tuber spacing significantly affected geometric mean diameters of the tubers at both locations selected for investigation. But, variety and plant spacing did not interact to influence this parameter at both locations. This is because large-sized tubers are produced in response to wider spacing than narrower spacing, consequently resulted in higher geometric mean diameters which is recorded in variety Bubu (46.76 mm3) than the other varieties. Present findings were also supported by Sruthi V et al. (2021).
4. Conclusion 
Various quality attributes of potato tubers grown in Chambal region of Madhya Pradesh were examined in this study. Tuber characteristics include tuber skin color, tuber shape, eye depth, flesh color and general appearance which are important for marketing as well as for industrial and consumer preferences. The present investigation led to conclude that variations existed among hybrids and varieties of potato in terms of quality characteristics of tubers. Among the treatments hybrid P-36/J/8-91 possessed round to oval shaped tubers but having shallow to medium deep eye type. Shallow types of eyes were observed in hybrids P-27/J/-05, P-31/J/7-37, P-40/J/8-85 and varieties Kufri Garima, Kufri Mohan and Kufri Ganga. Maximum number of eyes on tubers was recorded in Kufri Lauvkar (11) among different treatments led to the production of more number of tubers and gave higher total tuber yield. These findings suggested that specific hybrids and varieties possessed desirable traits such as uniform shape, shallow eyes, and attractive appearance, making them suitable for table purpose consumption. These evaluations are valuable for selecting genotypes that combine consumer-preferred attributes with good productivity. Identifying short-duration varieties with attractive appearance, shallow eyes, and uniform shape would help farmers fetch better market price and ensure a reliable supply of table potatoes to meet the growing demand. However, simultaneous consideration of shape, skin color, flesh color, flesh score, and depth of eyes three hybrids, P-27/J/-05, P-31/J/7-37, P-36/J/8-91, and two varieties, Khufri Garima, Khufri Mohan might be considered for commercial cultivation as well as to include in dietary items of households in Madhya Pradesh, India.
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Table -1: Tuber parameters (shape, skin color, flesh color, flesh score, type of eyes and number of eyes of different short duration hybrids and varieties of potato.
	S.N.
	Treatments
	Shape
	Skin color
	Flesh color
	Flesh score
	Type of eyes
	No. of eyes

	1
	P-27/J/-05
	Oval
	Yellow
	Yellow
	3
	Shallow
	9

	2
	P-29/J/7-15
	Ovoid
	Light yellow
	Yellow
	3
	Deep
	9

	3
	P-31/J/7-37
	Oval
	Light yellow
	White- cream
	1.5
	Shallow
	8

	4
	P-36/J/8-91
	Round- oval
	White- cream
	Cream
	2
	Shallow- medium
	10

	5
	P-40/J/8-85
	Oval
	Light yellow
	Light yellow
	2.5
	Shallow
	9

	6
	P-55/J/10-148
	Oval
	White- cream
	White- cream
	1.5
	Shallow- medium
	8

	7
	Kufri Khyati
	Ovoid
	White- cream
	White- cream
	1.5
	Medium - deep
	9

	8
	Kufri Pushkar
	Ovoid
	Yellow
	Cream
	2
	Medium - deep
	10

	9
	Kufri Lauvkar
	Round
	White- cream
	Cream
	2
	Medium - deep
	11

	10
	Kufri Garima
	Oval
	Light yellow
	Light yellow
	2.5
	Shallow
	8

	11
	Kufri Mohan
	Ovoid
	White- cream
	White
	1
	Shallow
	7

	12
	Kufri Ganga
	Ovoid
	White- cream
	White- cream
	1.5
	Shallow
	9

	13
	Kufri Pukhraj
	Ovoid
	Yellow
	Yellow
	3
	Shallow- medium
	10


Table -2: Lengths and diameters of tubers (mm) of different short duration hybrids and varieties of potato.
	S.N.
	Treatments
	Diameter of tuber (mm)
	Length of tuber (mm)

	
	
	60

DAP
	75

DAP
	Senescence (at 70% maturity)
	60

DAP
	75

DAP
	Senescence (at 70% maturity)

	1
	P-27/J/-05
	50.67
	50.67
	53.67
	70
	60.33
	67.67

	2
	P-29/J/7-15
	54.67
	51
	61
	67.67
	69
	82.33

	3
	P-31/J/7-37
	58.33
	54.33
	50.33
	65
	62
	58

	4
	P-36/J/8-91
	47
	47
	56.33
	60.67
	54
	80.67

	5
	P-40/J/8-85
	43.33
	48.67
	49.67
	60.67
	67.67
	77

	6
	P-55/J/10-148
	52.67
	48
	48.33
	66
	66.33
	67.67

	7
	Kufri Khyati
	48.67
	54.33
	57.33
	57
	69.67
	69

	8
	Kufri Pushkar
	59.33
	47.67
	49
	58
	58
	72.67

	9
	Kufri Lauvkar
	53
	55.67
	58.67
	55.33
	62
	62.33

	10
	Kufri Garima
	49.33
	53
	59.33
	67.67
	70
	79

	11
	Kufri Mohan
	51
	52.67
	58.67
	65
	68.33
	69.67

	12
	Kufri Ganga
	51.33
	52.33
	56.33
	59.67
	67.67
	79.67

	13
	Kufri Pukhraj
	52.67
	49.33
	58.67
	70.67
	65.33
	84.33

	
	S.E.(m)±
	5.512
	3.064
	4.896
	5.025
	4.424
	7.157

	
	C.D. (at 5%)
	NS
	NS
	NS
	NS
	NS
	NS



