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Abstract

:

Indian mustard (Brassica juncea L.) is an important winter oilseed crop in India. It acts as a promising species for the extraction of Zn and Fe under nutrient-deficit conditions. Therefore, this study planned to determine the impact of nutritional supplementation (Zn, Fe and urea) on the productivity and nutritional quality of Indian mustard. In the experiment, different combinations of recommended dose of fertilizer (RDF) with 0.5% FeSO4·7H2O, 0.5% ZnSO4·7H2O and 1% urea at 45 and 60 days after sowing (DAS) were applied to Indian mustard. Foliar application of micronutrients along with urea enhanced the productivity and quality of the crop. Among different treatments, the foliar application of 0.5% FeSO4·7H2O + 0.5% ZnSO4·7H2O + 1% urea (FZU) at 45 and 60 DAS resulted in the maximum increase in grain (27.8%) and stover (34.47%) yield, which was statistically at par with the treatment 0.5% FeSO4·7H2O + 0.5% ZnSO4·7H2O at 45 and 60 DAS (FZ). A similar trend was observed for Zn concentration in grain and stover, as well as Fe concentration in stover. However, the Fe concentration in grain was at maximum with treatment FZU, and the results were significantly higher compared with the treatment FZ. Treatment FZU also resulted in a maximum increase in Zn and Fe uptake in grain (54.7% and 34.3%, respectively) and stover (110.5% and 46.1%, respectively), which was statistically at par with treatment FZ. Physiological efficiencies of Zn (11,838.33) and Fe (3575.887) were highest when only urea was applied along with RDF, whereas the apparent recovery efficiency of Zn and Fe was highest in treatment FZU. Overall, it is concluded that combined foliar application of, 0.5% FeSO4·7H2O + 0.5% ZnSO4·7H2O + 1% urea at 45 and 60 DAS along with RDF was found to be most effective to enhance yield, concentration and uptake of Zn and Fe in Indian mustard.
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1. Introduction


Indian mustard (Brassica juncea L.) has been categorized under the family Brassicaceae and is a worldwide essential source of cooking oil [1]. The production of oil along with good quality forage such as stems and leaves, owing to their low fibre and high protein concentration, increases the importance of Indian mustard [2]. India is one of the dominant oilseed production countries across the globe. Oilseed production is the second largest after cereals in India. Rapeseed and mustard are the main oilseed crops grown in the rabi season in India [3]. Mustard is the chief edible oilseed crop of the semi-arid area after groundnut, contributing nearly 26.1% of total oilseed production. Indian mustard is known as Raya, and is considered a vital oil-producing crop among Brassica in India [4]. It is one of the predominant crops in Gujarat, Haryana, Rajasthan, Uttar Pradesh and Madhya Pradesh of India [5]. Oil quantity and quality are the most important parameters of Indian mustard, being largely controlled by mineral fertilization of the plants [6].



Oilseed crop (Indian mustard) is highly sensitive to zinc (Zn), iron (Fe) and nitrogen (N) deficiency, thereby resulting in small leaves, chlorosis and dwarfing, leading to a decline in its productivity [7,8]. The introduction of high yielding cultivars increased cropping intensity, application of micronutrient free fertilizers and limited addition of organic manures, leading to Zn and Fe deficiency in most of the Indian soils. The phytoavailability of Zn and Fe is related to soil pH and physico-chemical properties. [9,10]. Currently, 42% of Indian soils are not sufficient in Zn concentration, and this deficiency is expected to rise in as more areas of marginal lands are being brought under intensive cultivation without any adequate micronutrient supplementation [11]. Micronutrient deficiencies in Indian soils have deteriorated the yield and nutrient content of various oilseed crops [12]. Moreover, a systematic review has been complied regarding the shortage of micronutrient concentrations affecting the yield of different agricultural crops [13].



Micronutrients hold a dominant and significant role in the growth and metabolic operations of oilseed crops [12]. Zinc and Fe are important micronutrients required in trace amounts by humans, animals, and plants [14]. Zinc and Fe also act as a structural component of several enzymes required for enzyme activation, stimulation of pod setting, seed formation and oil synthesis in the seeds of mustard [3]. Zinc is closely involved in the metabolism of N and protein synthesis, whereas Fe contributes to the formation of chlorophyll and photosynthesis, thereby altering the yield and quality of oilseed crops [5]. In addition, N is a major nutrient that holds a crucial role in cell division, growth, photosynthetic activity and protein synthesis, that acts as a base in the improvement of yield, accumulation of nutrients and also the quality of oilseed crops, including Indian mustard [15]. Similarly, the translocation process of elements acts as a dominant factor controlling their distribution in different organs of crops [6]. The translocation and accumulation of nutrients vary due to variation in mobility and competition of metals with other nutrients within the plant system [16]. Thus, a balanced amount of nutrient application is required for optimum yield and nutrient concentration of crops.



Micronutrient (Zn, Fe) fertilization has led to the improvement of growth, seed yield and nutritional quality of Indian mustard. Till now, various methods including soil, foliar and seed treatment of Zn and Fe application to crops have been reported for alleviating their deficiency [17]. Foliar feeding of micronutrients is usually cheap, more effective with greater nutrient use efficiency and considerably reduce environmental pollution via a decline in the quantity of fertilizers added [18,19]. In addition, foliar fertilization has been evidenced to promote root growth, leading to an increased uptake of nutrients by crops [18]. Recent research has shown that a small amount of nutrients, particularly Zn and Fe supplied through foliar spray, have resulted in significant increases in the yield of crops [19,20]. It is well-known that oilseed crops require high N and an optimum number of micronutrients (Zn, Fe) for the production of a sustainable yield. Thus, the supply of mineral Zn, Fe and N and fertilizers in adequate amounts is essential for a higher yield and quality of oilseed crops. Therefore, the present study was performed to determine the influence of foliar-applied Zn, Fe and urea on yield, nutrient concentration and uptake, as well as nutrient use efficiencies in Indian mustard.




2. Materials and Methods


2.1. Experimental Site and Characteristics


The research involved a 2-year experiment (during 2019–2020 and 2020–2021), conducted in the rabi season on sandy loam soil at the Experimental Farm, Department of Soil Science, Punjab Agricultural University, Ludhiana, Punjab, in the Indo-Gangetic planes of northwestern India. The region has a sub-tropical climate along with hot, wet summers and cool dry winters. The major portion of rainfall around >70% is dominant in July to September with an annual rainfall of 400–600 mm, respectively. The total rainfall during the crop season from October to April was 219 and 68.9 mm during 2019–2020 and 2020–2021, respectively. The average monthly maximum temperature of the study area varied from 15.9 °C and 32.8 °C during 2019–2020 and 16.4 °C and 34.2 °C during 2020–2021, respectively; however, the minimum temperature varied from 6.7 °C and 18.4 °C during 2019–2020 and 7.1 °C and 17.0 °C during 2020–2021, respectively, during the growing season of Indian mustard (Figure 1).



The category of experimental soil was sandy loam with pH of 7.21, EC = 0.34 dS m−1, OC = 0.31%. The initial level of micronutrients viz. Zn, Cu, Fe and Mn in soil were 1.16, 0.65, 4.86 and 3.91 mg kg−1.




2.2. Treatment Details


The experiment consists of eleven treatments with three replications in complete randomized block design. Details of experimental treatments are given in Table 1. The recommended dose of N: 100 kg ha−1, P2O5: 30 kg ha−1 was applied as basal through urea, diammonium phosphate at the time of sowing. The variety RLC 3 of Indian mustard was used for the experiment. The sowing was done by the pora method with plant to plant spacing of 10 cm and row to row spacing of 30 cm.




2.3. Plant Harvesting and Analysis


Mutard plants were harvested at the physiological maturity stage for the collection of grain and stover samples for analysis. Plant samples were air-dried followed by oven drying at 65 °C for 48 h for calculating the dry weights of the plant components. Dried plant samples were grounded to fine material using a mechanical grinder. A representative ground straw sample of 1.0 g and grain sample of 0.5 g was digested using a di-acid mixture comprising HNO3 and HClO4 acid in ratio 3:1 on an electric hot plate [21]. Micronutrient (Zn, Cu, Fe and Mn) concentration in the digested plant extracts was determined through atomic absorption spectrophotometer (Varian AA 240FS Model, Company Varian, Burladingen, Germany). The uptake of micronutrients by Indian mustard grains and straw was calculated by multiplying the respective yields with concentrations of nutrients.




2.4. Zinc and Iron Use Efficiency Indices


The values of Zn and Fe physiological efficiency (PEZn, PEFe), apparent recovery efficiency (ARE-Zn, ARE-Fe) and mobilization efficiency index (MEI-Zn, MEI-Fe) of foliar-applied Zn and Fe were determined with the following equations [22].


   PE =    Y t  −  Y c     Nutrient   applied    (    kg   ha    − 1   )        ARE =     NU  t  −   NU  c     Nutrient   applied    (    kg   ha    − 1   )      ×    100   








wherein Yt and Yc refer to the grain yield (kg ha−1) of Indian mustard in Zn- and Fe-fertilized plots and in control, respectively; NUt and NUc refer to the total nutrient (Zn, Fe) uptake (kg ha−1) of Indian mustard in Zn- and Fe-fertilized plots and in control, respectively. The mobilization efficiency index (MEI) was calculated as the equation given below:


  MEI =    Nutrient   concentration   in   grain         mg   kg    − 1        Nutrient   concentration   in   straw         mg   kg    − 1        












2.5. Statistical Analysis


Data were collected and analysed statistically using analysis of variance (ANOVA) using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) packages. This was performed to test the significance of the major effects of treatments on the crop. Mean values of data were evaluated with the least significant difference (LSD) multiple range tests using a probability level of p ≤ 0.05.





3. Results and Discussion


3.1. Effect of Zn, Fe and Urea Foliar Application on Grain and Stover Yield


The mean of two years of data of grain yield and stover yield of Indian mustard pertaining to 2019–2020 and 2020–2021 by foliar spray of micronutrients (Zn and Fe) and urea is depicted in Figure 2.



The highest grain yield was observed in treatment T11 (14.7 q ha−1) compared with control which was statistically at par with treatments T10 (14.5 q ha−1) and T6 (14.3 q ha−1), whereas the minimum value of grain yield was reported under treatment T1 (11.5 q ha−1). The improvement in grain yield with these fertilizer treatments was 27.8, 26.1 and 24.3 %, respectively (Figure 2). However, the maximum stover yield was observed in treatment T11 (42.7 q ha−1), which was statistically at par with treatments T10 (42.2 q ha−1) and T19 (41.7 q ha−1), respectively. Increase in the yield with different treatments was observed to be 34.7 % (T11), 32.7 % (T10) and 28.9 (T6) %, respectively, over control.



In oilseed crops, the highest seed yield with an increased rate of micronutrients (Zn and Fe) and urea fertilization might be ascribed to an increased number of fertile pods resulting in higher seed production and yield [23]. Zinc and iron application increased root cell membrane integrity, plant enzyme systems, protein synthesis, auxins which increase photosynthetic assimilates and seed setting and finally increased grain yield [6]. In addition, both Zn and Fe are obligatory for the carbohydrate and nitrogen metabolism, biosynthesis of phytohormones such as IAA that contributes to increased yield components and yield of the mustard crop [24]. Our findings are comparable to the outcomes of Kalra et al., in which Zn, Fe and urea application significantly increase the yield of chickpeas [25]. However, the increase in yields with the foliar application of micronutrients (Zn and Fe) and urea may be due to the fact that the exogenous supply of nitrogen fertilizer resulted in increased photosynthetic rate, synthesis of metabolites, assimilates and its translocation to grains thereby enhancing the growth, performance and value of oilseed crops. These results are in accordance with the research of some workers [23,26]. Further, the results also indicated that the combined application of micronutrients (Zn and Fe) with nitrogen followed by foliar sprays of micronutrients at 2 stages produced the highest grain and stover yield. Similar results have also been reported on the higher straw production on the combined application of micronutrients (Zn + Fe + Mn) in mustard crops [27]. The combined application of Fe and Zn foliar spray in winter oilseed rape seeds also recorded the highest yield [28].




3.2. Effect of Zn, Fe and Urea Application on Zn and Fe Concentrations in Grain and Stover


The concentrations of Zn and Fe in grains and stover of Indian mustard showed a significant increase with the foliar application of micronutrients (Zn and Fe) and urea (Figure 3).



Maximum concentrations of Zn and Fe in both grains and stover were recorded with 2 foliar sprays of micronutrients (Zn and Fe) and urea with the treatment T11 possessing the highest concentration which was statistically at par with treatment T10, whereas the minimum concentration was observed in treatment T1 which was statistically at par with treatments T2 and T3. Additionally, Zn and Fe concentrations in grains of Indian mustard were more than those found in stover (177.6% and 30.3% more than shoot, respectively) indicating enhanced translocation of Zn and Fe into the seed from stover.



The increase in Zn and Fe concentration with Zn and Fe application might be associated with the increased bioavailability of these micronutrients, whereas increased Zn and Fe concentration on the combined application of micronutrients (Zn and Fe) and urea also might be associated with the role of nitrogen in synthesizing the Zn and Fe regulator protein thereby increasing the translocation of Zn and Fe in crop [29]. Moreover, the increased application rate of micronutrients and urea have been reported to result in increased Zn and Fe concentrations in maize [30]. Previous studies also indicated the greater translocation and uptake of Zn and Fe in rapeseed cultivars with an increased supply of Zn, Fe and N to crop [6,31]. Fertilization with Zn, Fe and N containing fertilizers at 45 and 60 DAS (Figure 4) lead to an increase in Fe absorption and transfer by mustard, and that might be due to enhanced root growth resulting in increased absorption by root tips and its transfer to phloem [32]. Similarly, the results for Zn concentration on the application of Fe and urea fertilizer can be explained.




3.3. Zinc and Fe Uptake by Grains and Stover with Foliar Urea, Zn and Fe


The data pertaining to micronutrient (Zn and Fe) uptake by grains of Indian mustard in both rabi season 2019–2020 and 2020–2021 is depicted in Figure 5.



Results indicated that uptake of Zn on average ranged from 36.2 to 56.0 gm ha−1 and Fe from 96.7 to 129.8 gm ha−1. The highest value of Zn and Fe uptake by Indian mustard was observed in treatment T11 (RDF + 0.5% FeSO4·7H2O + 0.5% ZnSO4·7H2O + 1% urea foliar spray at 45 and 60 DAS), compared with control. The increase in Zn and Fe uptake was 54.7% and 34.3%, respectively, in treatment T11 when compared with control. The results of treatment T11were statistically at par with treatment T6, T8, T9 and T10. Similarly, the results of Zn and Fe uptake by stover of Indian mustard is presented in Figure 6.



Results indicated that uptake of Zn ranged from 31.4 to 66.1 gm ha−1 and of Fe from 201.1 to 294.5 gm ha−1. Increase in Zn and Fe uptake was 102.6 and 46.8% in T11 (RDF + 0.5% FeSO4·7H2O + 0.5% ZnSO4·7H2O + 1% urea foliar spray 45 and 60 DAS) over control. The results of treatment T11 were statistically at par with treatment T10. Zinc application has also augmented the Zn concentration and uptake by safflower seeds [25]. Our research findings are in close relation to the observations recorded in previous studies [29]. Similar results indicating an increase in Zn and Fe uptake by safflower were reported [33].




3.4. Effect of Zn, Fe and Urea Application on Micronutrient Use Efficiencies


Results pertaining to physiological efficiency (PE), apparent recovery efficiency (ARE) and mobilization efficiency (ME) of foliar-applied Zn and Fe are depicted in Table 2. In Indian mustard treated with nitrogen and micronutrients at different concentrations, the highest PE of Zn and Fe was observed in T2, where RDF + 1% urea Foliar spray was applied at 45 DAS.



However, ARE of Zn and Fe indicated the increasing trend of utilization of applied Zn with an increased rate of fertilizer application. The highest ARE of Zn and Fe was recorded with T11 (RDF + 0.5% FeSO4·7H2O + 0.5% ZnSO4·7H2O + 1% Urea foliar spray 45 and 60 DAS), indicating it as the most effective combination in terms of improving nutrient use efficiency of Zn and Fe fertilizers in Indian mustard crop. The maximum ARE was on 2 foliar sprays of RDF + 0.5% FeSO4·7H2O + 0.5% ZnSO4·7H2O + 1% urea at 45 and 60 DAS. The increase in ARE of Zn and Fe with T11 was 156.5% in Zn over T4 (RDF + 0.5% ZnSO4·7H2O at 45 DAS) and 134.3% in Fe with T3 (RDF + 0.5% FeSO4·7H2O at 45 DAS). Our results indicated the higher ARE of Zn and Fe on the increased rate of fertilization with their respective fertilizer sources and are in association with findings of previous studies [34]. However, whereas indicating the ME of both Zn and Fe indicated the declining trend with an increased rate of fertilizer application, with the highest ME of these nutrients in control and least in T11 with RDF + 0.5% FeSO4·7H2O + 0.5% ZnSO4·7H2O + 1% urea foliar spray 45 and 60 DAS. This might correspond to a decline in the nutrient concentration of crops with increased crop growth and biomass production obtained on foliar application of Zn and Fe with urea (for nitrogen) in crops.





4. Conclusions


Zinc, Fe and N are considered essential nutrient elements controlling the yield and quality of crops. The growth stages control the effective absorption of these nutrients in plants. In the present study, foliar spray of Zn and Fe along with urea showed a significant positive impact on yield, micronutrient concentration and uptake of Indian mustard. The foliar sprays of Zn and Fe along with urea fertilizer levels as RDF + 0.5% FeSO4 + 0.5% ZnSO4 + 1% urea at 45 and 65 DAS was found to be the most effective combination of nutrients for increasing yield, Zn and Fe concentration as well as uptake in grain and stover along with apparent recovery efficiency. The treatment showed statistically non-significant results with the treatment RDF + 0.5% FeSO4 + 0.5% ZnSO4 at 45 and 65 DAS expect for Fe concentration in grain. Thus, urea played a crucial role in enhancing the Fe concentration in grain. The application of urea resulted in a maximum increase in physiological efficiency. Therefore, the foliar application of (RDF + 0.5% FeSO4 + 0.5% ZnSO4 + 1% urea at 45 and 65 DAS proved to be the most effective combination of N, Fe and Zn application for enhancing yield, quality and nutritional attributes of Indian mustard grown in the sandy loam soils of Indo-Gangetic planes of northwestern India.
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Figure 1. Monthly average maximum and minimum temperature, relative humidity and rainfall of the study area. Note: Max, Maximum; Min, Minimum; Temp, Temperature. 






Figure 1. Monthly average maximum and minimum temperature, relative humidity and rainfall of the study area. Note: Max, Maximum; Min, Minimum; Temp, Temperature.



[image: Agronomy 11 02333 g001]







[image: Agronomy 11 02333 g002 550] 





Figure 2. Effect of urea and micronutrient foliar spray on grain and stover yield (q ha−1) of Indian mustard. Treatments details are available in Table 1. The bar with a similar or dissimilar letter(s) was evaluated with the least significant difference (LSD) multiple range tests using a probability level of p ≤ 0.05. 
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Figure 3. Effect of micronutrient and urea spray-on Zn and Fe concentration (mg kg−1) in grains of Indian mustard. Treatments details are available in Table 1. The bar with a similar or dissimilar letter(s) was evaluated with the least significant difference (LSD) multiple range tests using a probability level of p ≤ 0.05. 
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Figure 4. Effect of micronutrient and urea spray-on Zn and Fe content (mg kg−1) in stover of Indian mustard. Treatments details are available in Table 1. The bar with a similar or dissimilar letter(s) was evaluated with the least significant difference (LSD) multiple range tests using a probability level of p ≤ 0.05. 
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Figure 5. Influence of urea and micronutrient foliar spray on Zn uptake and Fe uptake by grains of Indian mustard. Treatments details are available in Table 1. The bar with a similar or dissimilar letter(s) was evaluated with the least significant difference (LSD) multiple range tests using a probability level of p ≤ 0.05. 
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Figure 6. Effect of urea and micronutrients foliar spray on Zn uptake and Fe uptake by stover of Indian mustard. Treatments details are available in Table 1. The bar with a similar or dissimilar letter(s) was evaluated with the least significant difference (LSD) multiple range tests using a probability level of p ≤ 0.05. 
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Table 1. Treatment details of urea and micronutrients foliar spray on Indian mustard.
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	Sr No.
	Treatments Details





	T1
	RDF (Control)



	T2
	RDF + 1% Urea Foliar spray 45 DAS



	T3
	RDF + 0.5% FeSO4·7H2O foliar spray 45 DAS



	T4
	RDF + 0.5% ZnSO4·7H2O foliar spray 45 DAS



	T5
	RDF + 0.5% FeSO4·7H2O + 0.5% ZnSO4·7H2O foliar spray 45 DAS



	T6
	RDF + 0.5% FeSO4·7H2O + 0.5% ZnSO4·7H2O + 1% Urea foliar spray 45 DAS



	T7
	RDF + 1% Urea Foliar spray 45 and 60 DAS



	T8
	RDF + 0.5% FeSO4·7H2O foliar spray 45 and 60 DAS



	T9
	RDF + 0.5% ZnSO4·7H2O foliar spray 45 and 60 DAS



	T10
	RDF + 0.5% FeSO4·7H2O + 0.5% ZnSO4·7H2O foliar spray 45 and 60 DAS



	T11
	RDF + 0.5% FeSO4·7H2O + 0.5% ZnSO4·7H2O + 1% Urea foliar spray 45 and 60 DAS







RDF = Recommended Dose of Fertilizers (N: 100 kg ha−1, P2O5: 30 kg ha−1).
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Table 2. Effect of micronutrient and urea spray on physiological efficiency (PE), apparent recovery efficiency (ARE %) and mobilization efficiency (ME) of nutrients in Indian mustard.
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	Treatments
	PE (Zn)
	PE (Fe)
	ARE (Zn)
	ARE (Fe)
	ME (Zn)
	ME (Fe)





	T1
	0
	0
	0
	0
	3.19
	1.34



	T2
	11,838.33
	3575.887
	-
	-
	3.06
	1.32



	T3
	8860.17
	1907.025
	-
	2.16
	2.90
	1.32



	T4
	5807.35
	3011.892
	0.85
	-
	2.77
	1.31



	T5
	7371.15
	2732.967
	1.13
	3.06
	2.74
	1.30



	T6
	7507.63
	2819.979
	1.51
	4.02
	2.72
	1.30



	T7
	5376.76
	1947.357
	-
	-
	2.89
	1.30



	T8
	8355.37
	2565.779
	-
	3.60
	2.90
	1.29



	T9
	6970.28
	2835.754
	1.45
	-
	2.75
	1.30



	T10
	6218.74
	2645.546
	1.96
	4.60
	2.50
	1.28



	T11
	5910.54
	2543.284
	2.18
	5.06
	2.44
	1.27



	CD (α = 0.05)
	412.99
	NS
	0.08
	0.18
	0.20
	0.03







Treatments details are available in Table 1. CD; critical difference, NS; non-significant.
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