


Effect of planting dates and nitrogen levels on yield and its attribute of potato cv. Kufri Lima

  ABSTRACT
The experiment entitled “Effect of planting dates and nitrogen levels on potato cv. Kufri Lima” was conducted at Research Farm of the Department of Vegetable Science, CCS Haryana Agricultural University, Hisar during winter season of 2020-21. The treatments comprising of three planting dates (25th September, 10th October and 25th October) and four levels of nitrogen (0, 75, 100 and 125% of RDN) were laid out in a randomized block design (factorial) with three replications. The results revealed that most of the growth and yield parameters like, plant emergence, number of leaves at 60 DAP, number of stems, leaf and stem weight per hill at harvest, weight of foliage, number and weight of tubers in grade >25-50, >50-75, >75 g, total number of tubers (m2), total tuber yield (kg/m2 and q/ha), marketable tuber yield and harvest index was recorded maximum with 10th October planting, however, plant emergence, number of leaves, number of stems, number of tubers upto 25 g grade, weight of tubers in >25-50, grade and harvest index was at par with 25th October planting. Among the nitrogen levels, all growth, yield and its attributing characters were increased as the nitrogen levels increased upto 100% of RDN application, thereafter, increased non significantly except  number of unmarketable which was maximum under control and weight of tuber upto 25, >25-50 grade which were recorded non significant. The highest net income (Rs. 1,62,342/ha) and benefit to cost ratio (1.82) was obtained from the variety Kufri Lima planted on 10th October with application of 100% of RDN (150 kg/ha). The highest net income (Rs. 1,62,342/ha) and benefit to cost ratio (1.82) was obtained from the  variety Kufri Lima planted on 10th October with application of 100% of RDN (150 kg/ha).
KEY WORDS: Potato, tuber, nitrogen, planting dates, growth and yield parameters, economics
1. INTRODUCTION
Potato (Solanum tuberosum L.), a perennial herbaceous plant that belongs to the family (Solanaceae) originated in highland tropics of Andean mountains of Peru and Bolivia in South America, is one of the most important annual herbaceous vegetable crop. The Species Solanum tuberosum L. (2n=4x=48), commonly cultivated potato is an autotetraploid which includes two sub-species, viz. ssp. andigena adapted to short days and ssp. Tuberosum adapted to long days. It is being grown in more than 150 countries in the world and it is third most important food crop after wheat and rice (Saenkaew, 2008). It is a unique crop because it can be harvested early or late depends on the needs of field for subsequent crop and market fluctuation. This important crop is capable enough to meet the food requirements of our country in a substantial way as it produces more dry-matter, more calories, and balanced protein per unit area of land and time than other food crops. Potato supplies about two and half times more calories as compared to wheat and rice and hence the crop produces the highest yield of energy and protein per hectare. It is also a major food security vegetable crop with 20.6% carbohydrates, 2.1% protein, 0.3% fat, 1.1% crude fiber and 0.9% ash and good amount of essential amino acids like leucine, isoleucine and tryptophane (Khurana and Naik, 2003). Protein of potato is more superior to that of cereals due to presence of “lysine” (Pandey, 2001). Besides reducing malnutrition it has medicinal values like the juice of potato reduces gastrogenic problems and also provides relief and heels burned skin wounds.
	India ranks 2nd in potato production after china, with cultivation over an area of 2.17 million hectares with the total production of 50.19 million tons and a productivity of 23.1 metric ton per hectare during 2018-19. Potato is mostly grown in almost all states of India except Kerala but dominating states are West Bengal, Uttar Pradesh, Bihar and Gujarat. In Haryana it is cultivated over an area of 34.72 thousand hectares with a production of 813.80 thousand metric tons (Anonymous, 2018).
	Among the several factors which are responsible for determining the production and productivity and quality parameters of the crop, fertilizer dose and planting time are the most important ones. Nitrogen is one of the essential elements for plant growth and it is one of the main components of protein. Potato is a sensitive crop to application management of nitrogen and amounts less or more than its requirements or early and late application of nitrogen will affect quantitative and qualitative yield of tuber. Excessive use of nitrogenous fertilizer at early stage leads to excessive vegetative growth at the expense of tuber formation and it also causes eutrophication of water bodies. Nitrogen (N) is one of the top management priorities for potato growing systems (Stark et al., 2004). Excessive application of nitrogen translocates the photosynthates from tops to tubers which directly affects the yield. Planting dates is considered very important to take the full advantage of the short growing period. Earlier planting is not possible due to unfavourable weather conditions. Tuberization rate in potato declines above a temperature of 17°C, increasing temperature may lead to reduced yields in potato. CPRI Shimla has released high yielding varieties; Kufri Lima (CP4054) is an early season variety suitable for planting in North-Indian plains. A very limited work has been done on nutritional aspects and planting time of this variety, thus, there is a need to optimize the nitrogen level and suitable planting time to obtained higher and quality tuber yield of newly released potato variety under Haryana conditions.
2. MATERIAL AND METHODS
	The experiment was carried out at Research Farm of the Department of Vegetable Science, CCS Haryana Agricultural University, Hisar, during the winter period of 2020-21. This region is characterized by semi- arid climate with hot winds in summer and dry severe cold in winter. The total rainfall as well as its distribution in this region is subjected to large variation. About 80-90 % of the rainfall (400 mm) is received during july- September. The soil of the experimental field was non-saline, sandy loam in texture with medium in organic carbon (0.47 %), medium in available nitrogen (122.4 kg/ha) and phosphorus (22.1 kg/ha), and rich in available potassium (210 kg/ha) with slightly alkaline reaction (pH 7.95).
	The experiment was laid in Randomized Block Design (Factorial), keeping three planting dates S1- 25th September, S2- 10th October, S3- 25th October and four fertilizer levels, i.e., N1- 0 % of RDN, N2- 112.5 kg N/ha (50% of RDN), N3- 150 kg N/ha (75% of RDN) and N4- 187.5 kg N/ha (100% of RDN). The recommended dose of fertilizer for the state is 150 kg/ha nitrogen, 50 kg/ha phosphorus and 100 kg/ha potassium. Nutrient fertilizers was applied in the form of urea, DAP and MOP. Half dose of nitrogen along with full dose of phosphorus and potassium was applied basal, while remaining half dose of the nitrogen was applied 40 DAS. The experimental field was prepared by harrowing followed by planking to prepare a suitable seedbed of 60 x 20 cm spacing for cultivar Kufri Lima. The potato crop was manually dehaulmed after 90 DAS and harvest 10 to 15 days after haulm cutting. Irrigation, cultural operations and plant protection measures were applied as per package of practices. Observation was recorded on plant emergence (%) at 30 DAP, number of leaves per hill at 60 DAP, number of stem per hill at final harvest, Leaf and stem weight per hill at harvest (g), Weight of foliage (kg/m2), total number of tubers per square meter, Number of tubers (m2) and Weight of tubers (kg/m2) in different grades (up to 25, >25 to 50, >50 to 75 and >75 g), Total tuber yield (kg/m2 and q/ha), Marketable yield (q/ha), Harvest index (%) and economics of crop.
Statistical analysis of data
	The data obtained from experiment conducted in RBD was analyzed as per standard method suggested by Panse and Sukhatme (1985). The critical difference (CD) values were calculated at 5 per cent probability level whenever ‘F’ test was significant.
The standard error of differences (SEd), Standard error of means (SEm), Critical difference (CD) and coefficient of variation (CV) were calculated as follow:
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Where, 
r = number of replication 

 = overall mean (grand total /n)

3. RESULTS AND DISCUSSION
Growth parameters 
	In present investigation under different planting date, the plant emergence was found significantly different, in the range of 39.6 to 89.9%. Maximum plant emergence was noticed with 10th October planting, It may be due to the optimization of temperature favourable to plant emergence of potato at timely sown condition in comparison to warmer temperature in 15 days early planted potato crop. Chander (2014) reported that plant emergence percentage has been differed significantly with different planting dates. Different nitrogen levels and Interaction effect of planting dates and nitrogen levels on plant emergence (%) was found non-significant. It might be due to already present food material in seed tubers, which initially boosts the growth of emerging shoots, not the applied nitrogen since the seed tubers did not develop a root system to absorb the applied nitrogen before the root and shoot emergence. Dandekar et al. (1991), Sriom et al. (2017) and Ghiyal et al. (2018) recorded that increasing nitrogen levels in potato crop, at planting time, did not significantly influence the percent plant emergence, which corroborate with the results of present investigation.
The number of leaves per hill at 60 DAP, number of stem per hill, leaf and stem weight per hill (g) and foliage weight (kg/m2) at harvest under different planting dates was recorded best with 10th October planting as compared to other planting dates. Better growth of potato with planting on 10th October may be due to favourable environmental conditions at the time of planting as compared to early and late planting times. The highest value of growth parameters of potato crop was recorded with 10th October planting by Thongam et al. (2017), 20th October planting by Kumar et al. (2009) and on 1st November planting by Sandhu et al., 2014.
	Among the different nitrogen levels, leaves per plant at 60 DAP, stems per hill, leaf and stem weight per hill (g) and foliage weight (kg/m2) was recorded in the range 27.8-33.4, 3.1-3.9, 201.5-231.6 g, 50-56.3 g and 2.09-2.40 kg/m2, respectively. All these growth parameters were observed significantly higher with application of 125% of RDN, closely followed by 100% of RDN. The interaction effect of planting dates and nitrogen levels was also recorded significant for leaf weight per hill and foliage weight, maximum was noted when crop was planted on 10th October along with application of 125% of RDN (250.7 g and 2.63 kg/m2), closely followed with 100% of RDN on same date of planting (248.4 g and 2.60 kg/m2). The interaction effect between planting dates and nitrogen levels was found non-significant for number of leaves per hill at 60 DAP, number of stem per hill and stem weight per hill.
	It seems clear that growth parameters respond up to 100% application of recommended dose of nitrogen and there after increased dose of nitrogen has no effect on these parameters. When nitrogen supply is adequate and atmospheric conditions are favourable for growth, the plants synthesis huge amount of carbohydrates and proteins, which significantly increases number of leaves per hill at 60 DAP, number of stem per hill, leaf and stem weight per hill (g) and foliage weight (kg/m2) at harvest. The results of present study are in line with the findings of Singh et al. (2018) who reported that maximum number of leaves at 60 DAP with 100% RDF application. Application of 200 kg N/ha significantly influenced the number of haulms per hill, number of leaves per plant, fresh weight and dry weight of plant (Sriom et al.,2017) and numbers of stems per plant (Etemad et al., 2012) in potato, whereas, Shiri-e-Janagrad et al. (2009) noticed with the application of 160 kg/ha nitrogen.
Yield parameters
Significantly highest number of tubers in grade up to 25 g per square was observed with 25th October planting, which was closely followed by 10th October planting date. Among the different nitrogen levels, the number of tubers in grade up to 25 g per square meter was significantly affected and found maximum (7.0) in plot where no nitrogen was applied, closely followed with 75% of RDN application. It is clear that unmarketable tuber number was more in control treatments where nitrogenous fertilizer was not applied, resulted poor plant growth and ultimately tubers remains small size.
	The number of tubers in grade >25-50, >50-75 and >75 g per square meter recorded maximum with 10th October planting (10.1, 9.2, 19.0), which was significantly higher than early and late planting dates. This could be attributed to notably strong growth in the context of height and number of leaves per plant which has created more photosynthetic area resulting in production of high quantity of photosynthates, subsequently their translocation to more number of tubers coupled with the favourable temperatures and humidity might have resulted in production of more number of tubers.
	Different nitrogen levels significantly affected the number of tubers in grade >25-50, >50-75 and >75 g per square meter, with significantly highest values under the treatment where 125% of RDN was applied, closely followed with 100% of RDN. The interaction effect between planting dates and nitrogen levels was found non-significant for number of tubers in different grade.
	It was clear from the data that number of seed size (>25-50 and >50-75 g) as well as large size tubers was increased upto 100% application of recommended dose of nitrogen and beyond this level tuber number increased non-significantly. This might be due to the increased uptake of nitrogen, which might have a positive effect on chlorophyll concentration, photosynthetic rate, leaf expansion, total number of leaves and dry matter accumulation. These results are in collaborate with the findings of Jatav et al. (2017), Etemad et al. (2012) and Banjare et al.(2014), they noticed maximum tuber number with the application of 150, 200 and 300 kg N/ha, respectively. Interaction effect of planting dates and nitrogen levels was also recorded significant for total number of tubers per square meter, which was in the range of 11.8 to 50.5. Maximum number of tubers was recorded with 125% of RDN application on 10th October planting (50.5), which was statistically at par with 100% of RDN on same date of planting. 
	Different planting dates significantly affected the weight of tubers in grade up to 25 g per square meter, which was observed maximum with 10th October planting, closely followed with 25th October planting. Different nitrogen levels were found non-significant for the weight of tubers per square meter in grade up to 25 g. 
	Among the different planting dates, weight of tubers in >25-50 g grade was affected significantly and maximum (0.37 kg/m2) weight was found with planting on 10th October, it was at par with 25th October planting (0.30 kg/m2)..	The weight of tubers in grade >50-75 and >75 g per square meter recorded maximum with 10th October planting (0.56 and 2.58 kg/m2), which was significantly higher than other planting dates. This may be due to favourable environment during this date of planting resulted higher emergence of tuber with vigorous growth ultimately increases large size tuber yield. 
Different nitrogen levels had non-significant effect on the weight of tubers per square meter in >25-50 g grade. The data also depicted that the different nitrogen levels significantly affected the weight of tubers in grade >50-75 and >75 g per square meter, which was recorded in the range of 0.29-0.41 kg/m2 and 1.39-2.19 kg/m2, respectively. For A (>75 g) grade tubers significantly highest values were recorded under the treatment where 125% of RDN was applied, closely followed with 100% of RDN  and opposite of this trend was recorded for B grade (>50-75 g) tubers. The interaction effect between planting dates and nitrogen levels was found non-significant for weight of tubers in grade up to 25 g, >25-50, >50-75 and >75 g per square meter. The higher tuber weight in planting dates of 10th October could be attributed to overall strong vegetative growth of plants during this period which might have supplied the required quantum of photosynthates towards the development of tubers. The findings of present investigation are similar with the findings of Sahu et al. (2016) and Banjare et al. (2014), reported the highest potato tuber yield in 50-75 and >75 g grade per plot with the application of nitrogen 225 kg/ha. 
	The data demonstrated that different planting dates and nitrogen levels significantly affected the total (kg/m2 and q/ha) and marketable tuber yield (q/ha) was recorded maximum with 10th October planting as compared to early and late planting dates. As the temperature is one of the most dominating factors in yield contribution in potato crop. The optimum weather condition for higher yield of potato at different crop stages during the crop period of 10th October planting is indicated in table. The maximum and minimum temperature were 29.0 oC and 8.0 oC at emergence, 23.5 oC and 9.3 oC at stolonization, 23.8 oC and 8.0 oC at tuber initiation and 20.1 oC and 4.3 oC during tuber bulking along with 80-96 % morning RH, 35-55 evening RH and 4.0 - 6.0 BSH. The present results are similar to the finding of Thongam et al. (2017), recorded the highest tubers yield with 10th October planting as compared to delayed planting. Early planting from October 20 to October 30 can be used for maximum marketable yield (Kumar et al., 2009). 
	Among the different nitrogen levels, weight of tubers (kg/m2), total and marketable tuber yield, which were observed significantly highest for the 125% of RDN application, it was at par with 100% of RDN. Total and marketable tuber yield increased with increase in nitrogen levels upto 100% of RDN, higher than this level of nitrogen application has no significant effect on tuber yield. 
	Inadequate supply of nitrogen fertilizer to potato crop leads to poor growth and yield, while excessive application of nitrogen, especially as mineral fertilizer, leads to luxury consumption for plant growth, occasionally a reduction in yield and quality of tubers, delayed maturity and leaching of excessive nitrate in soil (Arriaga et al., 2009; Cerny et al., 2010). Moreover, improving potato production owing to nitrogen fertilization might be due to the alternation in hormonal balance within plant such as gibberellins and auxins concentration (Fontes et al., 2010), which positively influenced the tuber formation, tuber number, tuber growth rate, tuber size and average tuber yield per plant. The result of present investigation are in line with the findings of Sahu et al. (2016) and Banjare et al. (2014), they noticed the maximum marketable as well as total tuber yield with nitrogen dose of 225 kg/ha. 
	The interaction effect of planting dates and nitrogen levels was observed significant for total tuber yield (kg/m2 and q/ha) and maximum (4.20 kg/m2 and 420 q/ha) was recorded on 10th October planting with 125% of RDN application, which was at par with 100% of RDN on same date of planting. The interaction effect of planting dates and nitrogen levels was found non-significant for total marketable tubers yield.
Planting dates significantly influenced the harvest index (%) and maximum harvest index was observed with 10th October planting. Different nitrogen levels also significantly influenced the harvest index (%) ranging from 45.3 to 52.1%, which was significantly maximum for the treatment where 100% of RDN was applied closely followed with 125% of RDN and 75% of RDN application. The interaction effect between planting dates and nitrogen levels was found non-significant for harvest index. Singh et al. (2018) recorded maximum harvest index with the combined application of 100% RDF of Nitrogen, Phosphorus and Potassium. Sun et al. (2012) found the harvest index, 76% with application of 100 kg N/ha at planting and 50 kg N/ha applied one week before tuber bulking stage, while 86% was achieved by applying all 150 kg/ha nitrogen at planting.
4. CONCLUSION
           Potato cv. Kufri lima under 10th October planting with 150 kg/ha nitrogen application recorded higher values for growth parameters. The total tuber yield of potato under aforesaid planting date and nitrogen dose also surpassed the other treatments. Based on one year study, carried out during winter season of 2020-21, it is concluded that the potato variety Kufri Lima planting on 10th October with application of 100% of RDN (150 kg N/ha) provided maximum yield (419.6 q/ha).
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Fig. 1 Graph of weather parameters observed during crop growing season 2020-21

Table 1 Effect of planting dates and nitrogen levels on growth attribute of potato cv. Kufri Lima
	Treatments
	Plant emergence
	No. of leaves (60DAP)
	No. of stem at harvest
	Stem wt. (g)
	Leaf 
wt. (g)
	Wt. of foliage (kg/m2)

	
	
	
	
	
	
	

	Planting dates

	25th sept.
	39.6
	27.3
	3.1
	41.3
	187.9
	1.91

	10th oct.
	89.9
	33.4
	3.8
	62.4
	241.7
	2.53

	25th oct
	85.9
	31.6
	3.7
	55.4
	228.3
	2.36

	SE(M)
	1.7
	1.0
	0.1
	0.7
	1.1
	0.01

	CD
	5.1
	3.0
	0.35
	2.0
	3.1
	0.04

	Nitrogen levels

	N0
	72.5
	27.8
	3.1
	50.0
	201.5
	2.09

	N75
	72.8
	29.7
	3.4
	51.3
	215.8
	2.22

	N100
	69.4
	32.2
	3.8
	54.6
	228.2
	2.36

	N125
	72.6
	33.4
	3.9
	56.3
	231.6
	2.40

	SE(M)
	2.0
	1.4
	0.1
	0.8
	1.2
	0.02

	CD
	N.S.
	3.4
	0.40
	2.3
	3.6
	0.05



Table 2 Effect of planting dates and nitrogen levels on yield and its attributes on potato cv. Kufri Lima
	Treatments
	NO. of tubers at harvest/m2
	Total no. of tubers
	Weight of tubers (kg/m2)
	total tuber yield (q/ha)
	Total marketable yield (q/ha)
	Harvest index (%)

	
	<25g
	>25-50 g
	>50-75g
	>75g
	
	<25g
	>25-50 g
	>50-75g
	>75g
	
	
	

	Planting dates
	

	25th sept.
	2.7
	2.5
	2.1
	5.5
	12.8
	0.03
	0.05
	0.10
	0.89
	106.9
	104.3
	35.4

	10th oct.
	6.7
	10.1
	9.2
	19.0
	45.0
	0.14
	0.37
	0.56
	2.58
	363.7
	350.1
	58.6

	25th oct
	7.3
	8.4
	6.8
	15.2
	37.8
	0.12
	0.30
	0.39
	2.17
	298.4
	286.2
	55.1

	SE(M)
	0.3
	0.5
	0.3
	0.4
	0.8
	0.01
	0.03
	0.02
	0.08
	7.1
	6.9
	1.1

	CD
	0.9
	1.4
	0.7
	1.1
	2.2
	0.02
	0.08
	0.05
	0.24
	21.4
	20.8
	3.1

	Nitrogen levels
	

	N0
	7.0
	5.2
	4.6
	10.3
	27.1
	0.10
	0.20
	0.29
	1.39
	197.5
	187.3
	45.3

	N75
	6.2
	6.1
	5.6
	12.3
	30.3
	0.10
	0.23
	0.32
	1.77
	241.6
	232.0
	49.3

	N100
	4.7
	8.1
	6.9
	15.0
	34.8
	0.09
	0.26
	0.41
	2.16
	292.0
	283.2
	52.1

	N125
	4.2
	8.8
	7.1
	15.3
	35.4
	0.09
	0.27
	0.38
	2.19
	294.0
	285.1
	52.0

	SE(M)
	0.4
	0.6
	0.3
	0.4
	0.9
	0.01
	0.03
	0.02
	0.09
	8.3
	8.1
	1.2

	CD
	1.0
	1.6
	0.9
	1.2
	2.5
	N.S.
	N.S.
	0.06
	0.28
	25.1
	24.4
	3.6



Table 3 Interaction effect of planting dates and nitrogen levels on growth and yield attribute of potato cv. Kufri Lima
	Interaction
	leaf weight per hill at harvest (g)
	weight of foliage (kg/m2)
	total number of tubers/m2
	total tuber yield (q/ha)

	D1N0
	157.6
	1.63
	11.8
	75.8

	D1N75
	184.8
	1.87
	11.7
	104.1

	D1N100
	203.1
	2.05
	13.5
	121.2

	D1N125
	206.0
	2.09
	14.3
	126.3

	D2N0
	229.6
	2.41
	37.6
	288.7

	D2N75
	238.0
	2.49
	42.3
	326.3

	D2N100
	248.4
	2.60
	49.6
	419.6

	D2N125
	250.7
	2.63
	50.5
	420.0

	D3N0
	217.2
	2.24
	31.9
	228.1

	D3N75
	224.7
	2.32
	36.7
	294.5

	D3N100
	233.2
	2.41
	41.3
	335.1

	D3N125
	238.1
	2.48
	41.3
	335.7

	SE (m)
	2.1
	0.03
	1.5
	14.1

	CD
	6.2
	0.08
	4.4
	42.3



Table 4 Weather condition for higher yield of potato during 2020-21 at different crop stages for 10th October planting
	Crop stage
	                               Weather parameter

	
	Tmax 
	Tmin
	RHm
	RHe
	WS
	BSH
	Rain 

	Emergence 
	29.0
	10.9
	87.5
	34.5
	2.3
	4.0
	18.2

	Stolonization
	23.5
	9.3
	89.7
	47.2
	3.1
	5.5
	18.8

	Tuber initiation 
	23.8
	8.0
	91.1
	50.2
	2.7
	6.1
	1.1

	Tuber bulking 
	20.1
	4.3
	94.6
	56.0
	3.1
	5.5
	0.0

	PM
	19.0
	5.3
	96.3
	60.8
	3.7
	4.7
	17.6

	Total 
	22.1
	5.0
	93.1
	52.2
	3.1
	4.9
	37.5
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