CHARACTERIZATION OF LENTIL GENOTYPES FOR ZINC BIOFORTIFICATION AND SOARING GRAIN OUTPUT


ABSTRACT
Along with food security, micronutrient malnutrition, especially zinc (Zn) deficiency, is primarily a problem in South Asia. Pulses, being an inexpensive source of protein, play a major role in giving calories to the people in poor nations. In addition to increasing profits, zinc biofortification of pulses, primarily lentilscan help address human zinc insufficiency. The genotypes of lentils were categorized in a field experiment according to their greater grain production and Zn content. A two-factor randomized design was used to cultivate the 12 lentil genotypes at Zn concentrations of 0, 12.5, and 25 ppm with three replicates. The results showed that compared to a lower application rate and control, a 20 ppm Zn treatment greatly boosted plant growth, grain output, and grain Zn content. The large grain production of the BARI Masoor-8 genotype was exceptional. The genotypes of lentils DPL-62, BARI Masoor-3, BARI Masoor-8, and BARI Masoor-5 were identified as high grain yield cultivars and ranked as Zn receptive genotypes and was determined, these genotypes improved crop yield and grain Zn content by responding differently to Zn fertilization. However, further exploration is needed to furnish broad recommendations for the finestpedigree and application know-how while maintaining the necessary quantity of bioavailable zinc.
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[bookmark: _Hlk185785185]INTRODUCTION
Considering the present rate of increase, especially in South Asia(USDA 2015), it is anticipated that the earth populacemay approach 10 zillion people by 2050(FAO 2017). An estimated 60-80% increase in present food output is required to feed the population in 2050 (FAO 2009). Furthermore, the region faces a significant risk of malnutrition due to a large reliance on certain grains, such as wheatand rice,32which are squat in micronutrients, especially zinc. One of the most common micronutrient deficiencies in developing nations, particularly in South Asia, is zinc deficiency (Seth et al. 2018;Haideretal.2018; Ullah et al. 2019). However, pursuant to approximates from World Health Organization (WHO), a third of the earth populace lacks enough zinc (Swain et al. 2016).Therefore, there is a clear necessity to boost food output and choose alternatives to cereals as a main diet. Because they are an inexpensive source of protein and calories, pulses can be an excellent choice for feeding the populace as well as addressing the problem of malnutrition.  The consumption of pulses in India has decreased from 0.96 kg to 0.86 kg, as populations are moving from vegetable sources of protein (such as pulsesandbeans) to more costly fount like animal proteins as developing nations become sufficiently wealthy (National Sample Survey Office, 2001, 2014). Additionally, lentils are a great source of micronutrients, particularly iron (Fe) and zinc (Ganesan and Xu 2017, Rahman et al. 2013, Rochfort and Panozzo 2007, Dueñas et al. 2002).
The greatest strategy to avoid micronutrient deficiency is to eat foods that are richer in absorbable micronutrients (Bouis and Saltzman 2017, Miller and Welch 2013, Hotz and Brown 2004). Previously, it was suggested that the best ways to address human zinc deficiency were dietary fortification, food diversification, and supplementation. However, these approaches are seldom viable, therefore they are sidelined to be a better choice in impoverished nations. Because there isn’t enough domestic research, biofortification-the process of adding minerals to grainsisn't yet commonly used in developing nations, despite being universally acknowledged as a cost-effective strategy. The current Zn shortage issue is addressed temporarily by using Zn fertilizers (such as agronomic biofortification) as opposed to breeding programs (Hussain et al. 2011 and 2013, Cakmak 2008a and b).
A number of dietary parameters, primarily the amount of zinc in the human diet, have a revelatory influence on bioavailability of zinc(White and Broadley 2005, Lönnerdal 2000). Moreover, nutritional promoters and anti-nutrients have an impact on the bioavailability of zinc in the human gut(Cakmak and Kutman 2018; Hussain et al. 2018, FAO/WHO2004, Brown et al. 2001). A significant amount of phytate, an anti-nutrient and the principal embodiment of P storage in grains, is rested in cereals and pulses. Phytate can bind zinc by creating insoluble complexes. Consequently, the bioavailability of zinc in dietary products has often been cataloged using the [Phytate]:[Zn] ratio(Brown et al. 2001). Grain Zn and phytate levels vary significantly among crop genotypes(Hussain et al. 2011, 2013). Cultivars and zinc treatment have an impact on crop production and nutritional position(Manaf et al. 2019, Hidoto et al. 2017). Nonetheless, it is preferable to screen the current lentil germplasm for low phytate concentrations and increased grain zinc values. In order to produce the highest grain yield on Zn-deficient soil, several lentil cropgenotypes of with stubby phytate-to-Zn molar ratios and greater bioaccessible Zn must be selected out. However, competency of zinc does not guarantee a soaring concentration of zinc in grain (Torunetal, 2000). Therefore, genotypes of lentil produced on soils which are Zn-deficient, it is necessary to assess Zn treatment in order to optimize grain production and enhance grain Zn contents. The current study concentrated on classifying germplasm of lentil for optimal yield and boosting zinc bioavailability in grain by foliar spray application. In addition to aiding in crop promotion, this study might assist researchers and policymakers in increasing the intake of lentils in order to promote overall health.
[bookmark: _Hlk185786298]MATERIALS AND METHODS
Seed collection
For the purpose of determining the Zn biofortification, seed samples of twelve genotypes of grown lentils were gathered. All the genotypes are collected from two sources Pulse and Oilseed research station (PORS) Berhampore and All India Coordinated Research Project (AICRP) on MULLaRP (Mung bean, Urd bean, Lentil, Lathyrus, Rajmash and Pea).
[bookmark: _Hlk185786382]Field Experiment
The study was carried out at the Bidhan Chandra Krishi Viswavidyalaya research area in West Bengal, India (22°93' N and 88°53' E). To create a composite sample from the field, several soil samples were chosen at random. Three composite samples with a surface layer of up to 30 cm were gathered, sieved using 2.0 mm sieve, and their physico-chemical characteristics were examined. The availability of zinc is most frequently linked to soil conditions. The alkaline nature and pH of the soil have a significant impact on the obtainability of soil zinc and its captivation by plants (Alloway 2009). 
Furthermore, the solubility of zinc and, eventually, the zinc levels in lentil genotypes are influenced by the soil habitat, moisture, and precipitation. Atomic absorption spectrophotometer (AAS) was utilized to quantify the zinc that plants could access in soil extract (Lindsay and Norvell 1978). The texture of the soil samples is composed of 14% sand, 65% silt, and 21% clay. The pH and EC of soil extract was 6.64 and 1.58 dS m-1 correspondingly. While the concentrations of accessible phosphorus and potassium were 27.38 and 168.46 kg ha-1, respectively, the organic matter and nitrogen in total of soil were found to be 0.49% and 291.15 kg ha-1.
Twelve different genotypes of lentil seeds were cultivated in separate 15 × 30 cm plots. Each genotype was cultivated in a two-factorial randomized complete block design with three replicates at three different Zn doses: 0, 12.5, and 25 ppm. At 30- and 60-days following seeding, the zinc treatments were administered twice. Zinc was showered on the leaves as ZnSO4. Recommended amounts of N and P (30:57 kg/ha) were met by using urea and DAP (di-ammonium phosphate) fertilizers, respectively. The crop was grown with residual soil moisture, and for improved growth, a single, life-saving irrigation was given during the flowering stage. After thirty and sixty days of seeding, weeds were manually removed. When the plants reached maturity, they were picked, and the lentil seeds were manually separated. After the grains were separated, straw samples were gathered, and metrics related to yieldwere computed.
[bookmark: _Hlk185786953]Zinc and Phytate Analysis
Lentil genotype plant and seed samples were pulverized in a grinding mill after being desiccated in ovenat 65 °C for 48 hours (Liu et al. 2006). With minor adjustments recommended by Singh et al. (2005), these samples (grainand straw) then assimilated (each of 0.2 g sample) using HNO3 and HClO4 created in 9:4 ratio in accordance with the procedure outlined by Zarcinasetal in 1987. AAS was used to measure the digestate's zinc content. Samples (50 mg) were extracted using 50 mL of a 3% TCA solution and centrifuged at 5000 rpm for 30 minutes at room temperature in order to determine the amount of phytate.Phytate was determined by the indirect approach, which involved developing a pink color using 2,2′-bi-pyridine and un-reacted Fe (III) (Haug and Lantzsch 1983) and measuring their absorption at 519 nm using a spectrophotometer.
[bookmark: _Hlk185787126]Categorization of Lentil Genotypes
Exercising indicator scores of 3, 2 and 1 for high, medium and lowscoring genotypes, respectively, the lentil genotypes were categorized. By measuring the mean of population (μ) and standard deviationof intended parameters, genotypic categorization is created depending on how well applied zinc performs in comparison to control (Bilal et al. 2018, Aziz et al. 2011). Genotypes of lentils were classified as low if the genotype mean is less than μ-SD, medium if the mean is betwixt μ + SD and μ-SD, and high if mean is larger to μ + SD.
[bookmark: _Hlk185787192]Statistical Analysis
Analysis of variance was executed onyield and associated parameters, phytate, and Zn concentration data using the Windows-based SPSS 12.0 application. At the 5% level of significance, treatment means with significant differences were separated using the Standard Error of Mean (SEm±).

RESULTS AND DISCUSSION
Yield and Related Parameters
Table 1 provides information on the yield and associated characteristics of lentil genotypes at various zinc treatment rates. When matched to control, the application of zinc greatly escalated grain size, which improved the test weight. For test weight, genotypes varied considerably across all treatments. When compared to other lentil genotypes, the genotype DPL-62 with 12.5 and 25 ppm Zn administration showed the highest test weight (27.7 g). Similarly, when grown without Zn treatment, BARI Masoor-3 had the lowest test weight (19.86 g) (Table 2). The figure of pods per plant upsurged with applying zinc. Comparing Zn application at 25 ppm to other treatments and control, pod numbers increased.Similarly, it was discovered that when Zn was applied at 25 ppm, the lentil variety BARI Masoor-8 produced more pods in a single plant (118), whereas the control treatment's Precoz produced the fewest pods in a single plant (50). Zinc treatment has significantly increased plant output by increasing the number of grains in a single pod, regardless of the genotype of lentils. In comparison to other genotypes, the lentil variety Subrata had the highest mean number of grains in a single pod (1.72), while Ranjan, DPL-62, and Precoz had lower grain counts (Table 2). Compared to treatment which did not receive any zinc application, a significant impact on grain yield was observed in the applied treatments (Table 2).When 25 ppm Zn was administered, the highest grain production compared to the control was noted. When zinc was applied, the lentil variety Precoz produced less grain (1.59 g plant-1) than the lentil variety BARI Masoor-8, which produced a higher grain yield (4.53 g per plant). Table 2 shows information on the genotypes of lentils' straw yield at various Zn applications. It shown that, as connected to the control, a significant rise in straw output was seen with the subsequent Zn treatment. With Zn applied at 25 ppm, the lentil genotype Ranjan produced the least amount of straw (5.23 g plant-1), whereas the lentil variety BARI Masoor-8 produced the most (6.50 g plant-1).



When zinc is applied to calcareous and alkaline soil that has a low plant-available zinc content, genotypes react differentially (Maqsood et al. 2015, Abid et al. 2013, Alloway 2008). Plant development and production characteristics were enhanced by zinc treatment (Manaf et al. 2019, Farouk and Al-Amri 2019, Bala et al. 2019 and Alloway 2009). Zn significantly impacted the development of lentils,output of grain, and Zn content of grain in current study. As anticipated, Zn application enhances setting of seed (Hussain et al. 2013, Marschner and Rengel 2012), which leads to inflated grain production (Pandey and Gautam 2009, Pandey et al. 2006). This is why both zinc treatments unveiled a noteworthy improvement in grain production when connected to the control(Table 2). Additionally, Zn treatment was shown to increase the pods numberper plant and grains per pod (Table 2). Nonetheless, notable genetic variations were seen between genotypes of lentils. When 25 ppm of zinc was applied to the lentil variety BARI Masoor-8, matched to the control, a roughly 29% escalation in grain production was seen (Table 2). Since pollen grains contain a large quantity of zinc, this increase in grain output may be the 



Table 1: Average yield values (mean±SD) and associated traits of genotypes of lentils as affected by zinc application
	Parameters
	Test weight (g plant-1)  
	Number of pods per plant
	Number of grains pod-1
	Grain yield (g plant-1)
	Straw yield (g plant-1)

	Genotypes
	Zn application (ppm)
	Zn application (ppm)
	Zn application (ppm)
	Zn application (ppm)
	Zn application (ppm)

	 
	0
	12.5
	25
	0
	12.5
	25
	0
	12.5
	25
	0
	12.5
	25
	0
	12.5
	25

	Ranjan
	21.14
	21.14
	21.145
	54
	56
	63
	1.5
	1.5
	1.51
	1.44
	1.57
	1.86
	4.7
	4.92
	5.23

	Subhendu
	21.1
	21.11
	21.13
	61
	63
	70
	1.58
	1.6
	1.63
	1.62
	1.79
	1.99
	4.95
	5.1
	5.3

	DPL-62
	26.7
	27.7
	27.7
	78
	81
	88
	1.5
	1.51
	1.53
	2.29
	2.76
	3.05
	5.24
	5.44
	5.82

	Maitree
	23.98
	23.99
	24
	103
	106
	112
	1.66
	1.66
	1.68
	3.49
	3.62
	3.96
	5.07
	5.27
	5.67

	Subrata 
	22.72
	22.72
	22.72
	85
	88
	93
	1.72
	1.72
	1.72
	2.89
	2.98
	3.16
	4.89
	5.05
	5.27

	PusaVaibhab
	22.14
	22.145
	22.15
	62
	65
	71
	1.6
	1.6
	1.61
	1.65
	1.83
	2.01
	5.45
	5.66
	5.94

	Precoz
	21.07
	21.09
	21.1
	50
	53
	58
	1.5
	1.5
	1.51
	1.38
	1.42
	1.59
	5.22
	5.43
	5.81

	BARI Masoor 3
	19.86
	19.86
	19.89
	60
	62
	68
	1.53
	1.53
	1.54
	1.62
	1.78
	1.97
	4.86
	4.99
	5.39

	BARI Masoor 4
	21.08
	21.1
	21.11
	68
	71
	77
	1.53
	1.53
	1.53
	1.81
	1.99
	2.21
	4.92
	5.03
	5.4

	BARI Masoor 5
	20.84
	20.85
	20.87
	86
	88
	95
	1.61
	1.61
	1.63
	2.9
	3.01
	3.2
	5
	5.26
	5.63

	BARI Masoor 8
	23.76
	23.76
	23.76
	108
	111
	118
	1.66
	1.67
	1.69
	3.74
	3.91
	4.53
	5.72
	6.01
	6.5

	L-4076
	27.54
	27.55
	27.55
	59
	62
	68
	1.43
	1.44
	1.44
	1.57
	1.69
	1.86
	5.61
	5.8
	6.26

	SEm(±)
	0.01
	0.28
	0.01
	0.02
	0.01

	CD (P=0.05)
	NS
	NS
	NS
	0.05
	0.04





Table 2: Effects of zinc treatment on zinc absorption, phytate content, grain zinc, and straw zinc in 12 genotypes of lentils
	Parameters
	Straw Zinc (mg kg-1)
	Grain Zinc (mg kg-1)
	Grain Phytate (μg g-1)
	Zinc Uptake (g ha-1)

	Genotypes
	Zn application (ppm)
	Zn application (ppm)
	Zn application (ppm)
	Zn application (ppm)

	 
	0
	12.5
	25
	0
	12.5
	25
	0
	12.5
	25
	0
	12.5
	25

	Ranjan
	28.67
	38.5
	46.17
	44.5
	52.67
	58
	9.08
	7.87
	6.7
	31.33
	40.5
	49

	Subhendu
	28.67
	37.67
	44.83
	42.83
	51
	56.33
	9.03
	7.87
	6.73
	32.67
	41.67
	50.83

	DPL-62
	29.17
	38.83
	46.67
	45.42
	53.5
	60.5
	8.28
	7.1
	5.83
	34.67
	44
	53.5

	Maitree
	29.5
	40.17
	47.5
	45.17
	54.33
	60
	8.18
	7
	5.87
	32
	41.17
	50.5

	Subrata 
	30
	39.67
	46.83
	43.83
	51.83
	57.5
	7.62
	6.48
	5.35
	29
	37.17
	43.83

	PusaVaibhab
	29.67
	39
	46.5
	44.83
	53
	58.83
	6.95
	5.9
	4.77
	29.17
	38
	46.67

	Precoz
	28.17
	38.33
	45.83
	45.67
	54.17
	59.83
	7.68
	6.65
	5.48
	30.83
	40
	48.67

	BARI Masoor 3
	29.17
	38.33
	45.67
	47
	55.33
	60.67
	7.95
	6.82
	5.67
	30
	39.67
	48.83

	BARI Masoor 4
	28.83
	38.83
	46.83
	44
	52.67
	59
	7.68
	6.62
	5.4
	32.17
	42.33
	53.5

	BARI Masoor 5
	30.17
	40.17
	48.17
	48.5
	57.33
	63.67
	7.45
	6.33
	5.13
	33.17
	43.5
	53.33

	BARI Masoor 8
	30.33
	41
	49.33
	47
	56
	62.17
	7.97
	6.83
	5.68
	32.83
	42.5
	52.17

	L-4076
	28.49
	38.42
	45.96
	44.49
	52.5
	58.03
	8.4
	7.24
	6.06
	31.64
	42.06
	50.45

	SEm(±)
	0.11
	0.14
	0.02
	0.13

	CD (P=0.05)
	NS
	NS
	NS
	0.37



consequence of zinc's participation in the reproductive stage (such as pollen grain formation and fertilization) (Ali et al.2017, Reid et al.2011 and Jenik and Kathryn 2005). Several researchers have previously shown similar increases in lentil grain production with Zn treatment (Ali et al. 2017, Singh and Singh 2012 and Singh et al. 1995).
[bookmark: _Hlk185788631][bookmark: _Hlk185788992]
Zinc, Phytate Concentration and Zinc Uptake
While certain genotypes displayed statistically insignificant changes with identical letters, Zn concentration [Zn] of straw indicates dissimilarities based on Zn application, genotypes, and their corresponding interactions (Table 3). With a 25 ppm Zn treatment, straw [Zn] was greater. BARI Masoor-8 had the highest concentration of zinc in straw (49.33 mg kg-1), but the lentil variety Subhendu had the lowest response. Grains[Zn] and plant components of genotypes of lentil is significantly impacted by zinc treatment. While certain genotypes were comparable to others, statistical data for grain [Zn] revealed variances based on treatments (Table 3). The range of grain [Zn] is 42.83-63.67 mg kg-1. The lentil genotype BARI Masoor-5 showed a higher value of grain [Zn] (63.67 mg kg-1) when 25 ppm of Zn was administered, while Subhendu showed the lowest value of grain [Zn] (42.83 mg kg-1) when control treatment was used. In lentil genotypes, it was shown that the content of zinc in straw and grain had a modest but favorable association. 
Auxin and other hormones that are requisite for healthy plant improvement are activated by zinc (Begum et al. 2016). Prior research also showed that zinc treatment improved the content of zinc in grains (Bala et al. 2019, Hidoto et al. 2017, Kaya et al. 2009). Zinc application considerably raised zinc content of grain in genotypes of lentil in the current investigation. When zinc was applied at 25, the lentil variety BARI Masoor-5 showed aelevatedlevel of zinc in seed. According to Cakmak (2008a), increasing zinc levels might lead to improved grain biofortification performance (Cakmak and Kutman 2018). Since zinc is necessary for pollen grains and fertilization, the majority of zinc moved to grains during fertilization; hence, a reduced zinc supply led to grain zinc insufficiency (Ali et al. 2017, Reid et al.2011, Pandey and Gautam 2009). According to handful of studies, zinc deficit is corrected by the zinc application rates (Cakmak and Kutman 2018, Zhao et al.2014, Abid et al. 2013, Cakmak 2008b). According to several studies (Farooq et al. 2018, Cakmak and Kutman 2018, Gupta et al. 2016, Ram et al. 2015, Zou et al. 2012, Cakmak et al. 2010, White and Broadley 2009), the Zn fertilization approach is a successful method for biofortifying food crops with zinc. In order to biofortify the lentil crop in future breeding programs, a greater quantity of grain zinc is therefore required (Ali et al. 2017, Reid et al. 2011, Thavarajah et al. 2009).
Zn treatment to all lentil genotypes also had a substantial effect on content of grainphytate (Table 3). The concentration of phytate is considerably decreased by using zinc. With a Zn treatment of 25 ppm, the lowest grain phytate content (4.77 μg g-1) was determined in PusaVaibhab, whereas the highest phytate concentration (9.08 μg g−1) was recorded in Ranjan with control.
The availability of zinc is negatively impacted by high amounts of inorganic phosphorus (Perez-Novo et al.2011). Phytate, which is included in the majority of plant diets, is the most significant inhibitor of zinc absorption. As previously studied by researchers (Thavarajah et al. 2009, Erdal et al. 2002, Marschner and Cakmak 1986), Zn application in lentil genotypes decreased the content of phytate in grains (Table 3). Highest value of grain phytate level was noted in case when no Zn was administered.With a Zn treatment of 25 ppm, the maximum decrease in grain phytate content was determined in PusaVaibhab. This decrease in phytate content may be the result of growth dilution or of modifications brought about by zinc in taking up of P from root zone and their subsequent transport throughout the plant (Johnson and Thavarajah 2013, Thavarajahetal.2009, Huang et al. 2000). Zinc absorption and concentration in different plant sections are improved when inorganic P deficiency causes the overexpression of many genes (Khan et al. 2014, Misson et al. 2005). Because it forms compounds with minerals like zinc, phytotate, which is found in grains, limits the body's ability to absorb zinc.
According to the findings in Table 3, the solitary application of zinc at various development stages considerably enhanced the grain's absorption of zinc in lentils. DPL-62 and BARI Masoor-4 cultivars had the highest zinc uptake (53.5 gha-1). The Subrata type of lentil grain has the lowest zinc absorption (43.83 gha-1). Therefore, the grain zinc absorption of lentils is significantly impacted by the foliar spray of ZnSO4 (25 ppm) at 30 and 60 days after planting. All things considered, foliar applications of ZnSO4 (12.5 and 25 ppm) at 30 and 60 days after seeding are similarly efficient at increasing the absorption of zinc in lentil grains. The study's findings demonstrated that external supplementation significantly increases micronutrient (Zn) intake.
[bookmark: _Hlk185789093]Characterization of Lentil Genotypes
All evaluated lentil genotypes' grain Zn concentration and yield were impacted by zinc treatment. However, as compared to the control treatment, genotypes differed considerably in response to administered zinc (Table 4). With applied zinc treatments, the following lentil genotypes-Precoz, Ranjan, L-4076, BARI Masoor-3, Subhendu, PusaVaibhab, and BARI Masoor-4produced yield of grainless than 2.61 g plant-1 and received lowestindex score (Table 4). The genotypes Maitree and BARI Masoor-8 produced grain yields more than 3.66 g in a single plant, earning them a better grade (3). For grain yield, the other three genotypes were categorized as middling scorers (2), with results ranging 2.61 to 3.66 g plant-1.25 ppmZn considerably increased grainZncontent. The grain zinc content of the two lentil genotypes, Subhendu and Subrata, was less than 57.83 mg kg-1, resulting in a minimal index score (1). More than 60.18 mg kg-1 of zinc was generated by the four genotypes DPL-62, BARI Masoor-3, BARI Masoor-8, and BARI Masoor-5. The grain zinc concentrations of the remaining six genotypes-Ranjan, L-4076, PusaVaibhab, BARI Masoor-4, Precoz, and Maitreeranged from 57.83 to 60.18 mg kg-1. 
Table 4: Low, medium, and high scoring genotypes of lentils are categorized based on their index scores of several criteria. The population mean (μ) and standard deviation (SD) for each parameter are used to classify each genotype depending on how well the zinc treatment performed in comparison to its control.
	Parameter
	Low (Score 1)
	Medium (Score 2)
	High (Score 3)

	Grain yield (g plant-1)
	<2.61 
Precoz< Ranjan, L-4076 < BARI Masoor-3 <Subhendu<PusaVaibhab< BARI Masoor-4
	2.61-3.66 
DPL-62 < Subrata < BARI Masoor-5
	>3.66 
Maitree< BARI Masoor-8

	Grain Zinc (mg kg-1)
	<57.83
Subhendu< Subrata
	57.83-60.18 
Ranjan < L-4076 <PusaVaibhab< BARI Masoor-4 <Precoz<Maitree
	>60.18 
DPL-62 < BARI Masoor-3 < BARI Masoor-8 < BARI Masoor-5



Based on Zn content and grain output, current classification divides lentil genotypes into many groups. Different genotypes of lentils exhibit varying performance, achieving high, medium and lowscores (Table 3) (Bilal et al. (2018); Aziz et al. (2011)).Precoz, Ranjan, L-4076, BARI Masoor-3, Subhendu, PusaVaibhab, and BARI Masoor-4 had poor scores because of their low grain yields, but Maitree and BARI Masoor-8, two genotypes of lentils, generated high producing genotypes and received high scores. BARI Masoor-8 is categorized as a Zn-efficient genotype because to its high grain yield and highest grain Zn content (Table 4). Due to its poor yield and decreased zinc content, the genotype Subhendu is categorized as inefficient (Table 4). Because of its low grain zinc score, the lentil genotype Subhendu is classified as Zn non-responsive. Additionally, greater grain zinc concentrations were noted in DPL-62, BARI Masoor-3, 5 and 8(Table 4).Due to its lower grain zinc content, the lentil genotype Subhendu has a lower score and is graded non-efficient. Likewise, DPL-62, BARI Masoor-3, BARI Masoor-8, and BARI Masoor-5 were classified as Zn responsive genotypes (Table 4) due to their greater grain Zn content and high score. Although, genetic potential of newly crafted biofortified genotypes to imbibeample zinc or to transfer into individual plant parts, especially grains, at beneficial levels may not be completely expressed under scanty supply of available zinc from soil, the classification of lentil genotypes can be used to successfully breed zinc-fortified crops (Cakmak and Kutman 2018, Gupta et al. 2016, Cun et al. 2014, Cakmak et al. 2010).
CONCLUSION
Plant development, yield of grain, phytate content and zinc concentration were all enhanced by a 25-ppm zinc treatment. Regarding how the lentil genotypes responded to additional zinc in soil, a significant genotypic dissimilarity was found. Genotype BARI Masoor-8 was classified as a high-yielding and zinc-efficient genotype due to its greater grain production and zinc concentration, whereas the Subhendu genotype was classified as a low-yielding and zinc-inefficient genotype due to its lower yielding and lower zinc concentration. Future breeding initiatives and the promotion of lentils in traditional agricultural systems may benefit from the available data.
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