


Effect of soil fertility levels and cow urine application on growth and quality of Indian mustard under sub-tropical conditions of Lucknow


ABSTRACT

[bookmark: _Hlk174436718] A field experiment was conducted at the Agriculture Research Farm, Chandra Bhanu Gupta Krishi Mahavidyalaya, Bakshi ka Talab, Lucknow during Rabi 2019-20 to study the effect of soil fertility levels and cow urine application on growth and quality of Indian mustard. The experiment was laid out in split plot design by taking three fertility levels (i,e 50 %, 75% and 100% RDF in main plot and four levels of cow urine i,e 0, 300, 600 and 900 l ha-1 in sub plot which were replicated thrice. To maintain homogeneity water @900,600, 300 and 0 lha-1 The mustard variety “Pro Agro 4001” was uniformly fertilized with urea, diammonium phosphate, murate of potash and elemental sulphur. Among the organic sources cow urine were applied as per the requirement of the treatment. Further, the crop was managed as per regional recommendations of the crop. The experimental study revealed that the among the fertility levels application of 100 % RDF recorded significantly higher plant height, number of functional leaves, leaf area index, number of primary branches, number of secondary branches and dry matter accumulation. However, among the cow urine levels, application of 900 l ha-1 cow urine recorded significantly higher plant height, number of functional leaves, leaf area index, number of primary branches, number of secondary branches and dry matter accumulation which is found to be statistically at par with 600 l ha-1and among the quality parameters, application of 100 %RDF recorded higher oil yield, protein and protein content in mustard and on the other hand application of cow urine @900 l ha-1 recorded higher oil yield, protein and protein content. Thus, for mustard cultivation the application of 100% RDF along with cow urine @900 was found suitable for improving the growth and quality of mustard for obtaining higher production in Lucknow conditions.
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1. Introduction:
In India, oilseeds are the second largest agricultural commodity after cereals, which occupy about 13.5% of the gross cropped area in the country (Anonymous, 2019). It accounts accounts for 15 per cent of global oilseeds area, 7 per cent of vegetable oils production and 10 per cent of the total edible oils consumption (Upadhyay et al., 2018). Of the seven edible oilseeds grown in India, rapeseed-mustard (Brassica spp.) accounts for 28.6% of the total oilseed production. It shares 27.8% of India's oilseed economy and is the second-largest producer of oilseeds after groundnuts. Particularly in northern India, rapeseed-mustard oil is utilized as the primary cooking medium and is regarded as a significant component of the Indian cuisine. With a production of 1142 kg ha-1, Indian mustard makes up roughly 75–80% of the nation's 5.8 m ha of rapeseed and mustard. Mustard seeds are high in nutrients and contain 36% protein. The range of the oil content is 37% to 42%. 	Comment by user: repeated
Rapeseed- mustard is a winter (Rabi) season crop that requires relatively cool temperature, a fair supply of soil moisture during the growing season and a dry harvest period (Tripathi et al., 2011). The country witnessed yellow revolution through a phenomenal increase in production and productivity of rapeseed and mustard from 2.68 m t and 650 kg/ha in 1985-86 to 6.96 m t and 1022 kg/ha in 1996-1997, respectively. There is still a discrepancy between output potential and actual realization notwithstanding these accomplishments. Oilseed productivity is currently decreasing along with soil fertility. One of the main causes of low productivity is the improper and insufficient application of fertilizers. Applying fertilizers and using cow urine as an organic source to increase output is one way to get to enhance yield of mustard.

All of the main nutrients—nitrogen, phosphorus, potassium, and sulphur—are crucial for raising mustard yield and quality. The majority of metabolic processes and energy transformation are known to be activated by nitrogen. Cell division and tissue meristematic development depend on phosphorus. It also promotes flowering and aids in the growth of seeds and fruits. Since adequate potassium increases photosynthetic efficiency, increases resistance to diseases, and improves water usage efficiency, enhance the quality of produce. Potassium aids in preserving a healthy ratio of proteins to carbohydrates. Applying sulphur has a significant impact on protein metabolism, glucose and chlorophyll synthesis, and ultimately improves growth characteristics, which increases the amount of dry matter that plants accumulate. (Tripathi et al., 2011). Khanal et al., 2011 reported that in cauliflower cultivation the highest curd yield and the highest benefit cost ratio were observed by application of N through urine. 
In addition to encouraging the depletion of soil organic matter content and negatively affecting the biological and physical properties of soil, the use of chemical fertilizers alone does not provide all the nutrients in balanced quantities required by plants. Additionally, their rising costs, degradation of soil health, sustainability, and pollution considerations in general have sparked a renewed interest in the use of organic manures. By enhancing the physical, chemical, and biological characteristics of soil and increasing the effectiveness of fertilizer application, the use of organic manure not only supports crop yields but also has a significant direct and indirect impact on the availability of nutrients in soil. (Gupta et al., 2014). cattle excrement, which includes urine and dung. The majority of urine is wasted, even though some animal dung is used as manure. On the other hand, cattle urine can be used as a biofertilizer and has a good manurial value. Singh et al. (2014) and Khanal et al. (2011). Nitrogen, phosphate, potassium, calcium, magnesium, chlorite, and sulphate can all be found in good amounts in cattle urine (Belie et al. 2000). In addition to enhancing soil texture and acting as a plant hormone, using cow urine has been shown to address nutritional deficiencies. Thus, keeping the above fact in view, an experiment was conducted to assess the effect of soil fertility levels and cow urine application on growth and quality of Indian mustard.

2. Materials and Method
Weather and climate details: 
The experimental site, in general is bestowed with semi-arid to sub humid climate having hot summer and cold winter which experiences the average annual precipitation (P) of Lucknow is 1100 mm and annual potential evapotranspiration (PET) is about 1525 mm. So, the annual moisture deficit in this region is 425 mm.  The distribution of rainfall as percentage of annual is 88% from June to September, 5.7% from October to December, 3.3% from January to February and 3% from March to May.
Experimental site: An investigation was conducted in the Rabi season of 2019-20 at the at the Agriculture Research Farm, Chandra Bhanu Gupta Krishi Mahavidyalaya, Bakshi ka Talab, Lucknow. Geographically, the experimental site is located at an elevation of 123 meters above the mean sea level. (AMSL) which is having a value of 26°51’ N latitudes and 80°58’ E longitude. 
Soil type: The soil of the experimental field was sandy loam in texture, alkaline in reaction (pH 7.8), low in organic carbon (3.8 g/kg), available nitrogen (138.48 kg/ha) and mediun in potassium (172.10 kg/ha), available phosphorus (23.48 kg/ha), Available S (20.73 mg kg-1), Available B (0.75 mg kg-1) and Available Zn (0.53 mg kg-1) with electrical conductivity in the safer range 
Experimental design and treatment details: 
The field experiment comprised of twelve treatments, which were laid out in split plot design with three replications. The treatments comprised of fertility levels (levels i.e. 50%, 75% and 100% RDF (Recommended fertilizers dose) as main plot treatment and four levels of cow urine i.e. 0, 300, 600, 900 l ha-1 were allocated as sub-plot factors. 
Methodology and crop management: The Mustard crop variety, Pro agro 4001 was sown in lines at a spacing of 40 cm between the rows × 15 cm between the plants. Mustard crop was fertilized with half dose of N and full doses of phosphorus and potassium as per treatment were applied in furrows after mixing with moist soils. The sources of nitrogen, phosphorus, potassium and sulphur were Urea, DAP, MOP and elemental sulphur, respectively.  The rest half nitrogen was top dressed through urea at one month stage.  Cow urine with or without water as per treatment was also applied in furrows through rose can.  Cow urine was applied in the soil as per the treatment just before sowing. Further, the crop was managed as per regional recommendations of the crop. 
Growth: With respect to the growth parameters like plant height, functional leaves per plant, leaf area index, number of primary and secondary branches per plant and dry matter accumulation were recorded from five randomly selected plants from each plot. 
Quality analysis: The data related to Oil content, oil yield and protein content were recorded after harvesting.
Oil content in seed was estimated by Soxhlet method given by Sankaran (1966). 


Oil yield was obtained from oil content multiplied by seed yield and expressed in kg per hectare.



Statistical analysis: Statistical analysis of growth and quality was performed to examine the effect of different treatments. The analysis of variance was conducted using OP-Stat developed by CCSHAU, Hisar for all observations recorded during the year. Fisher’s test of significance was used to compare the difference between means at 5 % probability level. Standard errors along with critical difference at 5 % of significance were computed for discriminating the treatment effects for chance effects.
3. Results and discussion
Growth parameters
Effect of fertility levels and cow urine on growth parameters
Growth of plant can be measured vertically in terms of plant height and horizontally in terms of number of leaves, number of branches, dry matter accumulation etc. The data presented in Table 1 revealed that among the fertility levels, application of 100% recommended dose of fertilizers recorded significantly higher plant height, number of functional leaves, number of primary and secondary branches plant-1 and dry matter accumulation. This is due to fact that combined application of nitrogen, phosphorus, potassium and sulphur in adequate quantity is beneficial for growth and development. As such adequate and balanced supply of N, P, K, S at 100 % RDF to mustard favoured greater availability of these nutrients that ultimately resulted into enhanced growth of plants. as N required for the formation of chlorophyll and P for synthesis of nucleic acids. Similarly, K is important for growth and elongation probably due to its function as maintaining osmotic potential and may react synergistically with IAA responsible for growth and development. The vigorous growth of aerial organs at 100 % RDF may be due to high rate of synthesis of protoplasmic protein and in turn, protein synthesis increased the cell size, which is responsible for vertical development of plants Nova and Loomis, (1981). Similar effect of higher rates of fertilizer application to mustard has also been reported.  This is in confirmation with the finding of Ghimire et al. (2011), Chaurasiya et al., (2019) and Athokopam, (2010). Increasing fertility levels from 50 to 100 % RDF favourably increased the growth. It is possible that application of fertilizer (N, P, K, S) at higher rates might have enhanced tissue differentiation and expansion that resulted in taller plants and production of higher number of leaf plant-1 with expanded leaves (Table 1). These results are in conformity with the findings of Gupta et al. (2014).	Comment by user: not found in reference	Comment by user:  check spelling
Table 1: Effect of fertility levels and cow urine on growth attributes of Indian mustard at 60 and 90 days after sowing

	Treatments
	Plant height (cm)
	Functional leaves plant-1
	Primary branches plant-1
	Secondary branches plant-1
	Dry matter accumulation

	
	60 DAS
	90 DAS
	60 
DAS
	90 DAS
	60 DAS
	90 
DAS
	60
 DAS
	90 
DAS
	60
 DAS
	90 
DAS

	[bookmark: _Hlk174436073]Fertility levels

	50% RDF
	84.2
	128.8
	13.73
	12.51
	3.53
	5.28
	3.65
	8.21
	37.0
	50.1

	75% RDF
	86.8
	136.1
	15.15
	13.81
	4.39
	5.90
	4.30
	11.03
	40.3
	62.3

	100% RDF
	90.9
	139.8
	17.12
	15.30
	5.35
	6.89
	5.30
	14.26
	44.3
	68.3

	S. Em(±)
	1.12
	1.96
	0.42
	0.06
	0.21
	0.12
	0.22
	0.37
	0.90
	1.26

	C.D. at 5%
	4.39
	7.69
	1.66
	0.25
	0.81
	0.48
	0.88
	1.47
	3.53
	4.95

	Cow urine levels (l ha-1)

	0
	81.8
	130.2
	14.00
	13.10
	3.95
	5.55
	3.94
	10.27
	38.9
	55.9

	300
	85.0
	134.0
	15.11
	13.50
	4.30
	5.92
	4.29
	10.74
	39.8
	57.9

	600
	89.6
	136.9
	15.87
	13.92
	4.47
	6.16
	4.47
	11.29
	41.2
	62.9

	900
	92.9
	138.6
	16.35
	15.00
	4.95
	6.45
	4.98
	12.37
	42.8
	64.4

	S. Em(±)
	1.18
	1.16
	0.37
	0.40
	0.17
	0.15
	0.17
	0.32
	0.76
	1.40

	C.D. at 5%
	3.52
	3.44
	1.10
	1.18
	0.51
	0.43
	0.51
	0.95
	2.27
	4.17



Among the cow urine levels, application of 900 l ha-1 recorded significantly higher growth attributing character of mustard viz. plant height, no of functional leaves plant-1, number of primary and secondary branches plant-1 and dry matter accumulation followed by application of 600 l urine ha-1. This may be fact that growth attributing characters improved probably due to better supply of Nitrogen at higher rates of urine application. Besides this the different enzymes and hormones present in cow urine are also responsible for the better growth of plant (Vahanka et al.  2010).  Nitrogen, the most deficient element in Indian soils, the major constituent of cell and plays a key role in plant metabolism by virtue of being essential constituent of diverse types of metabolically active compounds like amino acids, proteins, nucleic acids, prophyrins, flavins, purine, pyrimidine, nucleotides, enzymes, co-enzymes Potassium, the other constituent of cow urine (0.11 ppm) as an activator of enzymes regulates carbohydrate metabolism and protein synthesis; it also controls PH, stomatal opening and membrane permeability.  Besides N and K, the urine application at higher rates might have also improved the supplies of phosphate, sulphate, Ca, Mg and micronutrients as well. This might have led to rapid cell division and enlargement, which ultimately resulted, into vigorous plant growth. The findings of present investigation were in conformity with the findings of Khanal et al. (2011) and Saunders and Ruakura, (2012).

Quality analysis
Effect of fertility levels and cow urine on oil content and oil yield
Data presented in Table 2 revealed that Oil content of seed was decreased with reducing levels of fertility from 100 to 50 % RDF. However, the difference was significant only between 100 % and 50 % RDF. The maximum seed oil content at highest fertility level is attributed to the adequate availability of nutrients particularly that of sulphur. The improvement in seed oil content with increasing rates of fertility might be due to the role of sulphur in the formation of acetyl Co-A, a precursor compound for synthesis of long chain fatty acids. Besides this sulphur is the constituent of a multi enzyme complex “fatty acid synthetase’’ that plays an important role in oil synthesis.  Increased oil yield accompanied with higher seed yield at higher levels of fertility ultimately enhanced the oil yield. Similar findings were reported by Bohra et al. (2006); Tomar et al. (2021) and Singh et al., (2014).
Table 2: Effect of fertility levels and cow urine on quality parameters of Indian mustard at 60 and 90 days after sowing
	Treatments
	Oil content (%)
	Oil yield                  ( kg ha-1)
	Protein content (%)
	Protein yield
(Kgha-1)               

	Fertility levels

	50% RDF
	35.46
	330
	19.3
	179

	75% RDF
	36.19
	387
	19.9
	213

	100% RDF
	36.86
	450
	20.6
	251

	S. Em(±)
	0.27
	11.9
	0.21
	7.0

	C.D. at 5%
	1.06
	46.7
	0.84
	27.3

	Cow urine levels (l ha-1)

	0
	35.25
	352
	19.3
	192

	300
	35.96
	379
	19.8
	209

	600
	36.69
	409
	20.1
	225

	900
	36.78
	416
	20.4
	231

	S. Em(±)
	0.30
	6.2
	0.24
	3.0

	C.D. at 5%
	0.90
	18.3
	0.71  
	8.8


Among the cow urine Oil yield of mustard improved markedly with increasing levels of urine application from 0 to 900 l urine ha-1. With respect to urine application, mustard seed protein content increased as urine application levels increased from 0 to 900 l urine ha-1. This may be attributed to the availability of nutrients, especially sulphates, when cow urine is applied at the highest possible level (Gupta et al. 2014). It is commonly known that sulphur increases the oil content of mustard in particular and oil seeds in general (Yadav and Dhania, 2005; Singh and Nad, 2000). Higher amounts of urine application led to higher seed protein content and protein yield in plants because cow urine is known to enhance nitrogen uptake. Khanal et al. (2010) and Mohanty et al. (2014) demonstrated similar results.	Comment by user: check the year
4. Conclusion:
It can be concluded that the mustard exhibited significantly higher plant height, number of functional leaves plant-1, number of primary and secondary branches plant-1, leaf area index, dry matter accumulation, and quality parameters after receiving a 100% recommended fertilizer dose (120 kg N + 60 kg P 2 O 5 + 60 kg K 2 O + 40 kg S ha-1) followed by 75% RDF.
Among the cow urine application, cow urine application up to 900 l ha -1 enhanced the growth and quality of mustard. Thus, the application of 100 % RDF and 900 l urine ha -1 was found remunerative for improving the growth and quality of mustard for higher production in Lucknow conditions.
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