



Effect of Levels of Nitrogen and Zinc on Growth and Yield of Mustard (Brassica Juncea L.).
ABSTRACT
Background: Micronutrients have a key role in crop productivity and soil health maintenance. These are essentially unnecessary. In particular, plants require zinc for regular, healthy growth and reproduction. Zinc is vital to plants as a structural element or regulatory co-factor of several enzymes in many important metabolic pathways. Zinc is the main nutrient that links certain enzymes, including superoxide dismutase, alcohol dehydrogenase, and carbonic anhydrase.
Aim:  The present investigation was planned to study the effect of levels of nitrogen and zinc on growth and yield of mustard in central plain zone of Uttar Pradesh, India.
Methods: A field experiment was conducted at theShri Shraddhey Bhagwati Singh Agriculture Research Farm (Hajipur) of Chandra Bhanu Gupt Agriculture P.G. College, Bakshi ka talab, Lucknow, Uttar Pradesh during the rabi season 2023-24. To study the effect of 4 level of each nitrogen (0, 40, 80 and120 kg Nha-1) and zinc (0 2, 4 and6 kg ha-1) on mustard crop.  The experiment was laid out in Factorial Randomised Block Design with 3 replications. 
Results: Application of nitrogen from 40 to 120 kg ha-1 significantly enhanced the growth and yield attributes as compared to no nitrogen treatment. However, crop receiving 120 kg ha-1 recorded the maximum value of growth attributes yield attributes and yield significantly over rest of the levels of nitrogen treatment. The maximum oil content was obtained with the control treatment i.e. 0 kg N ha-1 and maximum oil yield was obtained with application of 120 kg N ha-1. Increasing doses of zinc from 2 to 6 kg ha-1 increased the growth, yield attributes and yield However, significantly maximum value of growth, yield attributes and yield was obtained when crop fertilised with 6 kg Zn ha⁻¹. The maximum oil content (%) and oil yield was obtained with the application of 6 kg Zn ha-1.
Conclusion: It is concluded that application of 120 kg N per hectare along with 6 kg Zn ha-1 to obtained the maximum growth, yield attributes, yield and oil yield under central plain zone. 
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INTRODUCTION
Micronutrients play a pivotal and indispensable role in regulating the growth, development and metabolic functions of oilseed crops. Among these, zinc (Zn) and iron (Fe) are particularly important, as they are required in trace quantities by plants, animals and humans, yet are essential for numerous physiological and biochemical processes. In plants, these micronutrients are involved in enzyme activation, chlorophyll synthesis, electron transport, and various redox reactions that underpin photosynthesis and respiration. The translocation and accumulation of micronutrients within plant tissues are influenced by their inherent mobility in the phloem and xylem, as well as by competitive interactions with other mineral elements in the rhizosphere and within the plant system. Such interactions may affect nutrient uptake efficiency, distribution patterns and eventual concentration in edible plant parts. Consequently, the application of nutrients in balanced proportions is imperative to achieve optimal crop yield and enhanced nutrient density, while avoiding antagonistic effects or deficiencies (Dhaliwal et al., 2021).

. Globally, 30% of the total cultivated land is zinc (Zn) deficient that comprises of alkaline soil (Cakmak et al., 2017). In India large analysis of soil sample had revealed that about 39% of Indian soil are Zn deficient (Khokhar et al., 2014). Due to less zinc solubility, plant generally utilize only less than 10% of the total available zinc.
Rapeseed mustard (Brassica spp.) is one among the seven edible oil seeds grown in India, account for 28.6% of the total output of oil seed crops. In Rajasthan, Gujarat, Madhya Pradesh, Uttarakhand, Uttar Pradesh, Bihar, West Bengal and Assammustard is a major rabi crop.In India, mustard occupy an area of 8.85 mill. ha with annual production of 12.64 mill tonns and average productivity of 1428 kg ha-1 (DA &FW 2022 23).
Among the mustard group states in India Rajasthan rank first both in area (3.37 mha) and production (5.7 mtonnes) while Gujarat state has highest productivity (1995 kg ha-1) of mustard. In Uttar Pradesh mustard is grown on an area of 1.08 million hectares with a production of 1.62 million tonnes and productivity of 1497 kg ha-1 which is considerably low as compared to Rajasthan and Gujarat states (DA&FW 2020-23). Among the various factor responsible for the low productivity of mustard in Uttar Pradesh use of suboptimum doses of nitrogen and zinc are the most important factors.
Nitrogen is widely regarded as the most critical nutrient governing crop growth and productivity, owing to its central role in metabolic activation, energy transformation, chlorophyll biosynthesis and protein synthesis. Adequate nitrogen availability enhances the uptake and utilisation of other essential nutrients and promotes efficient partitioning of photosynthates towards reproductive organs, thereby improving the seed-to-stover ratio (Singh and Meena, 2004; Maereka et al., 2007).

At the physiological level, nitrogen constitutes a fundamental component of chlorophyll, the pigment responsible for capturing solar energy and facilitating the conversion of carbon dioxide and water into carbohydrates through the process of photosynthesis. It is also an integral constituent of amino acids, which serve as the structural units of proteins. Since proteins are indispensable for cellular structure, enzymatic function and overall plant development, nitrogen deficiency results in impaired growth, chlorosis, reduced biomass accumulation and, ultimately, crop failure.

Together with phosphorus (P) and potassium (K), nitrogen forms the triad of primary macronutrients essential for optimal plant growth and yield formation. Judicious and efficient nitrogen fertiliser management not only enhances agricultural productivity but also contributes to reduced production costs and minimised environmental pollution associated with excessive or imbalanced nutrient application (Mishra et al., 2022; Divyanshi et al., 2025).

Zinc is an important constituent of several enzymes which regulates various metabolic processes in the plant and also influences the formation of several growth hormones like IAA in plants.  Zinc stimulates the pod setting, seed formation and oil synthesis in seed of mustard and it increases the seed and stover yield of mustard, Zinc has vital role in carbohydrate and protein metabolism as well as it controls the plant growth hormone like indole acetic acid (IAA) (Reddy et al., 2022). However, very little information pertaining to effect of nitrogen and zinc on mustard crop is available in central plain zone of Uttar Pradesh. 
Thus, present investigation was planned to study the effect of levels of nitrogen and zinc on growth and yield of mustard in central plain zone of Uttar Pradesh.
MATERIALS AND METHODS
The experiment was conducted in rabi season 2023-24 at the Chandra Bhanu Gupt Agriculture Post Graduate College, Bakshi Ka Talab, Lucknow, Uttar Pradesh atthe Shri Shraddhey Bhagawati Singh Agriculture Research Farm, Hajipur.The soil of experimental site was silty loam in texture and slightly alkaline in pH (7.86), EC dSm-1 (0.13), medium in organic carbon (0.44), availableN(375 kg ha-1), available P(25.64 kg ha-1) and available K(164.86 kg ha-1).The experiment comprises of 16 treatment combination (4 levels of nitrogen and 4 levels of zinc) was laidin FRBD with 3 replications.Nitrogen and zinc were supplied throughureaand pure zinc respectively.
The recommended dose of P2O5 and K2O @ 60 kg and 40 kg per hectare respectively was use commonly to all plots. The half dose of nitrogen and full dose of zinc was applied at sowing, and rest dose of nitrogen was a top dressed at 30 and 45 days after sowing.The growth parameters like number of branches, dry matter accumulation and leaf area index was measured from 3 plant selected randomly from each plot. The yield attributes like number of siliquae, seed per siliquae, length of siliquae and grain weight per plant was recorded at harvest time from plant already tagged in each plot. The 1000 grain weight and nutrient content (%) was recorded from sample drawn at harvest from each plot. Threshing was done by wooden sticks manually. The oil content (%) ingrain was recorded using standard laboratory procedures and oil yield was calculated by multiplying the oil content in grain into grain yield divided by 100.
RESULTS AND DISCUSSION
On Growth Parameters
Result revealed that significant maximum plant height, no. of branches per plant, leaf area index and dry matter accumulation was recorded with the application of 120 kg N ha-1 over 80, 40kg ha-1 and control treatment. This was mainly attributed to the fact that availability of nitrogen enhanced for the synthesis of several biomolecules which take part in cell division and cell elongationthus, improved growth attributes. Significant increase in growth attributes due to application of nitrogen has been reported by Dixitet al., 2023.
 Application of zinc at rates ranging from 2 to 6 kg ha⁻¹ has been shown to significantly enhance various growth parameters in crops, with the highest values consistently observed at 6 kg Zn ha⁻¹. The stimulatory effect of zinc on plant growth can be attributed, in part, to its role in the synthesis of plant growth regulators such as auxins, which promote cell division, elongation and expansion, thereby contributing to increased plant height (Havlin et al., 2015).

In addition to its influence on hormonal regulation, zinc plays a critical role in the formation, partitioning and utilisation of photosynthates, facilitating their translocation from source tissues to sink organs. This process contributes to an increase in dry matter accumulation, thereby supporting overall plant growth and biomass development (Yanthan et al., 2021). Furthermore, studies by Vidmahe et al. (2022) indicate that zinc application improves root and shoot architecture, resulting in expanded leaf area and higher dry weight per plant. Collectively, these physiological and morphological responses underscore the importance of zinc in enhancing crop growth attributes and productivity.

Table-1 Growth attributes as affected by the levels of N and Zn on mustard crop.

	Treatment
	Plant height (cm)
	No. of branches per plant
	Leaf area Index
	Dry matter accumulation (g)

	Levels of N-(kg ha-1)

	Control
	148.46
	10.50
	2.84
	33.58

	40
	172.54
	15.88
	3.14
	35.91

	80
	184.26
	17.73
	4.05
	40.25

	120
	191.51
	18.61
	5.33
	45.78

	SEm±
	0.868
	0.258
	0.046
	0.414

	C.D (P=0.05)
	2.518
	0.749
	0.134
	1.203

	Levels of Zn- (kg ha-1)

	Control
	169.19
	10.65
	3.57
	37.15

	2
	178.35
	15.58
	3.70
	38.06

	4
	184.12
	17.88
	3.97
	39.88

	6
	185.10
	19.17
	4.13
	40.43

	SEm±
	0.868
	0.258
	0.046
	0.414

	C.D (P=0.05)
	2.518
	0.749
	0.134
	1.203
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Fig. – 1 Growth attributes as affected by the levels of N and Zn on mustard crop.
Table-2 Yield attributes as affected by the levels of N and Zn on mustard crop.
	Treatment
	Siliquae palnt-1
	Length of siliquae (cm)
	Grain siliqaue-1
	Weight of grain plant-1 (g)
	Test weight (g)

	Levels of N- (kg ha-1)

	Control
	348
	3.97
	10.57
	6.16
	3.13

	40
	390
	4.22
	11.25
	9.28
	3.33

	80
	425
	4.30
	12.20
	11.61
	4.04

	120
	452
	5.05
	13.38
	15.12
	4.62

	SEm±
	6.542
	0.043
	0.084
	0.008
	0.014

	C.D (P=0.05)
	18.985
	0.124
	0.244
	0.024
	0.040

	Levels of Zn- (kg ha-1)

	Control
	341
	3.96
	10.80
	9.86
	3.54

	2
	389
	4.33
	11.81
	10.27
	3.71

	4
	424
	4.50
	12.14
	10.73
	3.84

	6
	450
	4.74
	12.65
	11.24
	4.03

	SEm±
	6.542
	0.043
	0.084
	0.008
	0.014

	C.D (P=0.05)
	18.985
	0.124
	0.244
	0.024
	0.040
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Fig.-2 Yield attributes as affected by the levels of N and Zn on mustard crop.
ON YIELD ATTRIBUTES
Crop fertilized with 120 kg N ha-1 observed significantly maximum value of siliquae plant-1(452) length of siliquae(5.05 cm), grain siliqaue-1(13.38), weight of grain plant-1(15.12 g) and test weight (4.62 g) over rest of the nitrogen levels.The higher value of yield attributes due to nitrogen application was because of significant improvement in the growth attributes which enhance the synthesis of photosynthates and its translocation from source to reproductive part of plants.Thus, enhanced the yields attribute.Similar higher value of yield attributes was reported by Dixitetal.,(2023).
The maximum number of siliquae (450), length of siliquae (4.74 cm), number of grain siliquae-1(12.65), weight of grain plant-1(11.24 g) and test weight (4.03g) was recorded with the application of 6 kg zinc ha-1 as compared to other treatments. The positive effect of zinc on yield attributing characters could be ascribed due to its catalytic or stimulatory effect on the metabolic process in plant.  The higher value of yield attributes due to zinc application was because of significantly improve in growth attribute which enhance the photosynthates and its translocation from source to reproductive parts of the plant das enhance the yield attributes (Mishra et al., 2022 and Reddy et al., 2022).
ON YIELD
 Maximum value of seed yield (22.31 q ha-1), stover yield (65.68 q ha-1), total biological yield (88.07 q ha-1) and harvest index (25.44%) was recorded with the application of 120 kg N ha-1 as compared from the rest of the N treatment. Yield is a function of growth and yield attributes of plant thus, significant improvement in growth and yield attributes was mainly responsible for the higher yield with application of nitrogen. The higher synthesis of photosynthates and itstranslocation to different sink resulted higher grain and straw yield with application of nitrogen. Similar, results have been reported byBhari et al.,(2000), Cheema et al.,(2001) Singh and Singh 2002 and Dhaka and Kumar (2003).
 The application of zinc at 6 kg ha⁻¹ resulted in the highest recorded values for grain yield (16.66 q ha⁻¹), stover yield (52.29 q ha⁻¹), total biological yield (68.95 q ha⁻¹) and harvest index (23.60%), significantly surpassing all other zinc treatments. The positive influence of zinc on yield can be attributed to its catalytic and stimulatory effects on various metabolic processes within the plant. Zinc is essential for meristematic tissues, where critical biochemical activities such as protein and nucleic acid synthesis occur.

The enhancement of yield in mustard and other crops is largely due to zinc’s involvement in a wide range of enzymatic reactions, regulation of growth processes, hormone synthesis, protein production, and the effective translocation of photosynthates to developing seeds, which collectively contribute to increased seed yield (Vidmahe et al., 2022). Comparable observations have been reported in previous studies, highlighting the consistent beneficial impact of zinc application on crop productivity (Mishra et al., 2022; Ready et al., 2022).

Table-3 Yield as affected by the levels of N and Zn of the mustard crop.

	Treatment
	Grain yield 

(q ha-1)
	Stover yield

 (q ha-1)
	Total biological yield (q ha-1)
	Harvest index (%)

	Levels of N- (kg ha-1)

	Control
	9.12
	35.62
	44.12
	20.55

	40
	13.75
	45.19
	59.03
	23.55

	80
	17.21
	53.98
	70.92
	24.18

	120
	22.31
	65.68
	88.07
	25.44

	SEm±
	0.111
	0.445
	0.441
	0.095

	C.D (P = 0.05)
	0.322
	1.292
	1.280
	0.276

	Levels of Zn- (kg ha-1)

	Control
	14.61
	48.11
	62.06
	23.12

	2
	15.22
	49.34
	64.65
	23.26

	4
	15.90
	50.73
	66.47
	26.48

	6
	16.66
	52.29
	68.95
	23.60

	SEm±
	0.111
	0.445
	0.441
	0.095

	C.D (P = 0.05)
	0.322
	1.292
	1.280
	0.276
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Fig-3 Yield as affected by the levels of N and Zn on mustard crop.
Table-4 Oil content (%) and oil yield as affected by the levels of N and Zn on mustard crop.
	Treatment
	Oil content (%)
	Oil Yield (kg/ha)

	Levels of N- (kg ha-1)

	Control
	38.75
	353

	40
	38.10
	523

	80
	38.00
	654

	120
	37.90
	845

	SEm±
	0.010
	0.045

	C.D (P = 0.05)
	0.029
	0.131

	Levels of Zn- (kg ha-1)

	Control
	36.94
	429

	2
	37.05
	564

	4
	37.10
	589

	6
	37.15
	619

	SEm±
	0.010
	0.045

	C.D (P = 0.05)
	0.029
	0.131
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Fig. 4 Oil content (%) and oil yield as affected by the levels of N and Zn on mustard. 

ON QUALITATIVE PARAMETERS
The content of oil in grain of mustard was decreased with corresponding increase in the levels of nitrogen however, the production increase with increasing the levels of nitrogen. The maximum oil content was recorded with no nitrogen treatment. The maximum oil yield 845 kg per hectare was recorded with the application of 120 kg Nha-1 as compared from the rest of the treatments. The decreasing in oil content in mustard with increasing levels of nitrogen was because of the dilution effect owing to higher vegetative growth of plant cost significant reduction in content (%) of oil under nitrogen fertilized plotas compared to unfertilized plot of mustard.Similarly, decreasing oil content (%) with increasing levels of nitrogen was reported by Dhaka and Kumar (2003), Premi and Kumar (2004) and Tomar and Singh (2007).
Application of zinc from 2 to 6 kg Zn increase the content (%) of oil significantly over no nitrogen treatment. However, maximum (37.15%) content of oil was recorded with 6 kg Zn ha-1. The oil yield was also significantly higher at 6 kg Zn ha-1(619 kg/ha) followed by 2, 4 kgZn ha-1. The oil content was improved with supply of zinc of mustard which was mainly due to the fact that zinc Havlinet al.,2013.These resultsare in accordance with the findings of Jatt and Chaudhary(2012) add Nayaket al., 2020.
CONCLUSION
Basis of the result discussed above we conclude that-
· Application of 120 kg N per hectare recorded the significant maximum plant growth parameters as well as yield attributes as compared to the rest of the nitrogen treatments.
· Application of 120 kg N per hectare recorded the significant maximumseed and stover yield among the rest of the treatment.
· The maximum oil content was recorded with the no nitrogen treatment as compared to rest of the nitrogen treatments and maximum oil yield was recorded with 120 kg N per hectare.
· Application of 6 kg Zn per hectare recorded the significant maximum plant growth parameter as well as yield attributes as compared to the rest of zinc treatments.
· The application of 6 kg Zn per hectare recorded the significant maximum seed and straw yield as compared to the rest of the zinc treatments.

· The maximum oil content percent and oil yield was recorded with the application of 6 kg Zn per hectare as compared to the rest of the treatment.

RECOMMENDATION
 On the basis of above conclusions, it is recommended that application of 120 kg N per hectare along with 6 kg Zn ha-1 to obtained the maximum growth, yield attributes, yield and oil yield under central plain zone.
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				Plant height (cm)		No. of branches per plant		Leaf area Index		Dry matter accumulation (g)

		Control		148.46		10.5		2.84		33.58

		40		172.54		15.88		3.14		35.91

		80		184.26		17.73		4.05		40.25

		120		191.51		18.61		5.33		45.78
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				Siliquae/ palnt		Length of siliquae (cm)		Grain/siliqaue		Weight of grain/ plant(g)		Test weight (g)

		Control		348		3.97		10.57		6.16		3.13

		40		390		4.22		11.25		9.28		3.33

		80		425		4.3		12.2		11.61		4.04

		120		452		5.05		13.38		15.12		4.62
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				Grain yield q/ha		Stover yield q/ha		Biological yield q/ha		Harvest index (%)

		Control		14.61		48.11		62.06		23.12

		2		15.22		49.34		64.65		23.26

		4		15.9		50.73		66.47		26.48

		6		16.66		52.29		68.95		23.6
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				Grain yield q/ha		Stover yield q/ha		Biological yield q/ha		Harvest index (%)

		Control		9.12		35.62		44.12		20.55

		40		13.75		45.19		59.03		23.55

		80		17.21		53.98		70.92		24.18

		120		22.31		65.68		88.07		25.44
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				Oil content (%)		Oil Yield (kg/ha)		Series 3

		Control		38.75		353		2

		40		38.1		523		2

		80		38		654		3

		120		37.9		845		5
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				Oil content (%)		Oil Yield (kg/ha)		Series 3

		Control		36.94		429		2

		2		37.05		564		2

		4		37.1		589		3

		6		37.15		619		5






