



Effect of Foliar Application of Nutrients on Growth, Yield, Physiological Indices and Economics of Lentil (Lens culinaris M.) under Rainfed Conditions

ABSTRACT
[bookmark: _Hlk217391923]A field experiment was conducted at the Agricultural Research Farm of Ravindra Nath Tagore University of Agriculture, Bhopal, Madhya Pradesh (India), to study the effect of nutrient management through foliar application of nutrients in lentil (Lens culinaris M.) under rainfed conditions. The experiment was laid out in a Randomized Block Design (RBD) with six treatments and four replications to minimize soil heterogeneity. The experimental field was divided into four blocks, each comprising six unit plots, resulting in a total of 24 plots. The soil of the experimental site was Vertisol with a pH of 7.5, electrical conductivity of 2.2 dS m⁻¹, organic carbon content of 0.62%, available nitrogen of 205.58 kg ha⁻¹, available phosphorus of 11.80 kg ha⁻¹, and available potassium of 225.25 kg ha⁻¹. The treatments consisted of T₁: control, T₂: water spray at pre-flowering and 15 days after pre-flowering, T₃: 2% DAP spray, T₄: 2% urea spray, T₅: 2% NPK (19:19:19) spray, and T₆: 2% Jeevamrut spray applied at pre-flowering and 15 days thereafter. Various growth parameters such as plant height, number of branches, dry matter accumulation, number of root nodules, and weight of root nodules were recorded. Yield attributes including number of pods per plant, number of seeds per pod, seed index, seed yield, straw yield, net returns, and benefit–cost ratio were also assessed. The results revealed that foliar application of 2% urea significantly enhanced growth and yield parameters and outperformed all other treatments at all growth stages. The highest grain yield of lentil cultivar RVL 13-7 was recorded with the application of 2% urea under Vertisol conditions of Madhya Pradesh. Although foliar application of 2% DAP and Jeevamrut improved crop performance, their effects were comparatively lower, while water spray and control treatments recorded the lowest values.
INTRODUCTION
Lentil (Lens culinaris M.) is a widely cultivated cool-season pulse crop valued for its nutritional richness and its significant role in ensuring food and nutritional security, especially in developing regions of the world. It belongs to the family Leguminosae under the subfamily Papilionaceae and is mainly grown for its edible seeds, which are an excellent source of plant protein. Lentil seeds typically contain about 24–32% protein, nearly 59% carbohydrates, and a low-fat content of 1–2%. In addition, they provide essential minerals such as iron and iodine, important vitamins including folic acid, and vital amino acids like lysine and arginine (Duke, 2012). Owing to its high dietary fibre content and minimal fat concentration, lentil is widely regarded as a health-enhancing food and forms a crucial component of vegetarian diets. Global demand for lentil has risen sharply in recent years, largely due to the growing inclination toward plant-based protein diets. The worldwide lentil protein market is expected to attain a value of approximately US$ 208.3 million by 2033, expanding at a compound annual growth rate (CAGR) of 5.1% (FMI, 2023). In parallel, global lentil production was estimated at 14.2 million tonnes in 2022 and is projected to increase to 26.7 million tonnes by 2028, reflecting a robust CAGR of 11.1% during the period 2022–2028 (Damte and Tafes, 2023). India stands among the major lentil-producing nations, having the largest area under lentil cultivation and ranking alongside countries such as Canada, Turkey, Australia, and Nepal. Within India, lentil is recognized as the second most important rabi pulse crop and contributes substantially to soil health through its ability to fix atmospheric nitrogen biologically. Over the last three decades, lentil cultivation in the country has shown remarkable growth, with an 85% increase in cultivated area, a 151% rise in total production, and a 34% improvement in productivity (Kumar et al., 2021).
Despite its considerable agronomic and nutritional significance, lentil productivity remains comparatively low, particularly under rainfed farming systems. Yield fluctuations are mainly caused by a combination of biotic stresses, including wilt, root rot, and aphid infestation, as well as abiotic stresses such as drought and terminal heat stress (Hazra and Basu, 2023). These challenges are further intensified by climate variability, poor crop establishment, inadequate availability of quality seed, and limited adoption of improved agronomic and nutrient management practices. Rainfed lentil crops are highly susceptible to moisture stress during critical growth stages, which adversely affects nutrient uptake, disrupts physiological functions, and ultimately leads to yield reduction. Consequently, efficient nutrient management plays a crucial role in enhancing lentil productivity under rainfed agro-ecosystems. Under conditions of limited soil moisture, the efficiency of soil-applied nutrients is often reduced due to poor solubility and restricted root absorption. In such scenarios, foliar nutrient application serves as an effective alternative by facilitating rapid and direct nutrient absorption through the leaf surface. Foliar feeding improves chlorophyll formation, enhances photosynthetic efficiency, and stimulates metabolic activities, thereby enabling plants to better withstand environmental stress. Additionally, this method requires lower fertilizer doses, minimizes nutrient losses, reduces soil compaction, and lowers the potential risk of groundwater pollution, making it a cost-effective and environmentally sustainable nutrient management strategy (Praharaj et al., 2021).
Foliar supplementation with inorganic nutrient sources such as urea, di-ammonium phosphate (DAP), and balanced NPK formulations has been widely documented to enhance growth and yield parameters in pulse crops by ensuring timely nutrient supply at critical stages of crop development. Foliar nutrition is especially beneficial under conditions where rapid nutrient delivery is required or when soil factors limit nutrient availability, as nutrients are absorbed directly by physiologically active leaf tissues, leading to prompt metabolic responses and improved nutrient-use efficiency. In recent years, increasing emphasis has been placed on the use of organic liquid formulations like Jeevamrut as part of sustainable nutrient management practices. Jeevamrut contains appreciable amounts of organic carbon, beneficial microbial populations, and essential macro- and micronutrients, which together stimulate soil biological activity, improve nutrient mobilization, and promote plant growth. Compared to traditional organic manures, Jeevamrut has been found to be more efficient and can be effectively integrated with other nutrient sources to enhance overall crop performance (Rathore et al., 2022).
Although several studies have demonstrated the beneficial effects of foliar nutrient application in pulse crops, information on the comparative performance of inorganic nutrient sprays and organic liquid formulations such as Jeevamrut in lentil, particularly under rainfed Vertisol conditions, remains limited. Therefore, the present study was undertaken to evaluate the effects of foliar application of inorganic nutrients and Jeevamrut on growth, productivity, profitability, and resource-use efficiency of lentil grown under rainfed conditions of Madhya Pradesh, India.
MATERIAL AND METHODS
2.1 Experimental Site
In 2021-22, field experiment was started at the Research Farm of Ravindra Nath Tagore University of Agriculture, Bhopal, Madhya Pradesh (India), to investigate the effect of “Nutrient Management through Foliar Application of Nutrients in Lentil (Lens culinaris M.) Under Rainfed Condition. The experimental site is situated at 23.13ˈ N latitude and 77.564ˈ E longitude with an altitude of 500 m above the mean sea level. 
[image: ]

2.2 Soil Studies
Soil samples were taken from 0-15 cm depth in the experimental field before sowing of the crop. From each treatment three soil samples were taken, which were thoroughly mixed to form a composite sample. Composite sample were evaluated for physico-chemical properties of the soil. 
2.3 Experimental Details 
The field experiment was conducted during the rabi season of 2021–22 and was laid out in a Randomized Block Design (RBD) with six treatments and four replications to minimize soil heterogeneity. The experimental field was divided into four blocks, each consisting of six unit plots, resulting in a total of 24 plots. The treatments comprised T₁: control, T₂: water spray at pre-flowering and 15 days after pre-flowering, T₃: 2% DAP spray, T₄: 2% urea spray, T₅: 2% NPK (19:19:19) spray, and T₆: 2% Jeevamrut spray, all applied at pre-flowering and 15 days thereafter. The soil of the experimental field was well-drained, clayey with neutral reaction, suitable for lentil cultivation. The land was prepared by one deep ploughing followed by two to three cross harrowings, and the field was levelled with a gentle slope to facilitate irrigation. Nutrient management was carried out as per the treatment schedule. A pre-emergence herbicide was applied immediately after sowing using a knapsack sprayer fitted with a flat-fan nozzle, followed by three manual weedings at 30, 35, and 50 days after sowing to maintain weed-free conditions. Pest incidence was negligible; however, aphid infestation observed during warmer periods was effectively controlled by spraying monocrotophos at 0.04%.
Soil Characteristics
The soil of the experimental area is classified as “Vertisols” based on US classification of soil. It has medium to deep depth and black in colour. It has ability to swell after wetting and shrink after drying. The soil samples were drawn with the help of soil Auger cut through 0-15 cm top layer from randomly selected spots in each plot. The composite samples were drawn and subjected to appropriate chemical analyses. The results, thus obtained are presented in Table 1 Soil was low in available N and medium in available P and organic carbon and high in available K.
Table. 1: Initial physico-chemical properties of experimental soil.
	Soil Properties
	Value in 
2021-22
	Method of determination

	1
	Sand (%)
	24.8
	Hydrometer method
(Bouyoucos, 1936)

	2
	Silt (%)
	22.3
	

	3
	Clay (%)
	52.9
	

	4
	Textural class
	Clayey
	Triangular Method

	5
	E.C. (dS m-1)
	2.3
	Solubridge method (Jackson,1973)

	6
	Ph
	7.6
	Buckman Glass Electrode pH meter (Piper, 1950)

	7
	Organic carbon (%)
	0.62
	Walkley and Black rapid titration method (1934)

	8
	Available N (kg ha-1)
	205.58
	Alkaline permanganate Method (Subbiah and Asija, 1956)

	9
	Available P (kg ha-1)
	11.80
	Calorimetric method (Olsen et al.1954)

	10
	Available K (kg ha-1)
	220.25
	Flame photometry (Jackson,1973)




Plant height (cm), Number of branches plant-1 and Dry Matter Accumulation (g plant-1)
Six plants were randomly selected from each plot and tagged. The plant height, branches DMA of each tagged plant was measured at 30, 45, 60 DAS and harvest. From the base to the top most leaf with the help of measuring scale the mean plant height (cm) at each growth stage was worked out and recorded as plant height (cm) at respective stages. Number of branches plant-1 from each plot was recorded, the branches of plant were measured from net plot area at different growth stages.
DMA was recorded from six plants were randomly selected, uprooted from sample rows of each plot and after removing the root portion, the samples were sun dried for some days and then oven dried at 70°C for 72 hours till constant weight. The weight was recorded using electronic balance and expressed as dry matter accumulation g plant-1
Number of root nodules plant-1  
Number of root nodules plant-1 were counted at 30 and 45 DAS of lentil crop and mean of 6 plants was calculated.
Number of pods plant-1 and Number of seeds pod-1 
Pods and seeds from each of the six randomly selected plant from each plot were removed and counted manually. Later on, the mean number of pods plant-1 and number of seeds pod were computed. Number of pods and seeds in each plant were counted after harvesting and mean of 6 plants was calculated.
100 seed weight (seed index g)
A sample of 1000 seeds was drawn randomly from each treatment. The sample was weighed and data was analysed statistically.
Seed Yield (kg ha-1) 
Total yield of each plot was recorded at the time of harvesting and it was expressed in g per plot. Eventually, the values were converted to g per hectare by multiplying with conversion factor.
Straw yield (kg ha-1)
Straw weight of each plot was subtracted from the dry bundle weight of that plot to obtain the straw yield and it was expressed in g per plot and converted to g per hectare by multiplying with conversion factor.
Harvest index (%)       
Harvest index was calculated by using the formula given by Donald and Hamblin, 1976 which is expressed as:
                                                  Economic yield (kg ha-1)
                  Harvest index (%) = ------------------------------------   X100                
                                                            Biological yield
 
Crop Growth Rate (g m -2day-1)

Crop growth rate (CGR) is the gain in dry matter production on a unit land in a unit of time. CGR was calculated from the plant samples taken for dry matter estimation during 30-45 DAS and 45-60 DAS. It was worked out with following formula (Radford, 1967) from periodic dry matter recorded at different stages
                                                                            W2 – W1
                                     CGR (g m-2 day-1) =   ----------------- 
                                                                            A (t2 – t1)

Relative Growth Rate (g g-1 day-1)
The relative growth rate (RGR) of a plant at an instant in time (t) is defined as the increase in dry weight of plant material per unit of material present per unit of time. The mean relative growth rate (RGR) of the crop at aforesaid growth stages was calculated by the following formula (Radford, 1967).
                                                                     Loge W2 - Loge W1 
                                RGR (g g -1 day-1) = ----------------------------
                                                                                 t2 – t1
Available nitrogen (N) 
Available nitrogen was estimated by alkaline KMnO4 method where the organic matter in the soil was oxidized with hot alkaline KMnO4 solution (Subbaiah and Asija, 1956).


Available phosphorus (P)
The available phosphorus of soil was extracted with 0.5 M NaHCO3. The content of phosphorus in the extract was determined using ammonium molybdate and ascorbic acid reduction method by developing blue colour and intensity of blue colour was measured using spectrophotometer (model-CE2031) at 660 nm wave length (Jackson, 1973).


          
Available potassium (K)
The potassium in soil was extracted with neutral normal ammonium acetate and the content of potassium in the extract was estimated by flame photometer (model, CL 378) (Jackson, 1973).



Net monetary returns	
It is obtained by subtracting cost of cultivation from gross returns. Monetary returns for different treatments were calculated by taking into account prevailing market rates of output and inputs. Thus, 
Net monetary return= Gross monetary return (Rs ha‑1) -Total cost of cultivation (Rs ha‑1)

Benefit cost ratio (B:C Ratio)
The cost of cultivation is summing of the cost incurred from the field preparation to winnowing /cleaning of the produce. Benefit cost is calculated by the following formula:
                                                Net returns (` ha-1) 
                                          Benefit cost ratio =   --------------------------------------
                                                   Cost of cultivation (` ha-1)

Statistical analysis and interpretation of data

The experimental data recorded for growth, yield and other characters were statistically analysed by Fisher’s ‘Analysis of Variance’ technique (Fisher, 1950). Appropriate standard error for each of the factor was worked out. Significance of the difference among treatment effects was tested by ‘F’ test. The critical difference at 5.0 or 1.0 % level of significance was worked out wherever the differences were found significant.
3. RESULTS AND DISCUSSION
Plant Height
Data presented in Table 2 shows that maximum plant height recorded harvest with T4 (2% foliar spray of urea), (37.70 cm), remaining at par with T5 and superior to the rest of the treatments (Kumar et al., 2022). foliar application of nutrients significantly influenced plant height at later growth stages under rainfed Vertisol conditions. Plant height increased progressively with crop development up to 75 DAS and thereafter stabilized at harvest The above results were similar to the finding of Yadav et al., 2021. 
Number of Branches per Plant
The maximum number of branches per plant was recorded at at harvest, and the results are presented in Table.2 Foliar application of nutrients significantly influenced branch development at later growth stages under rainfed Vertisol conditions. The number of branches increased progressively with crop advancement up to 50 DAS and thereafter remained nearly stable until harvest reported by Gowda et al., 2023. At harvest, the maximum number of branches (16.25) was recorded with T4 (2% foliar spray of urea), which was statistically at par with T5 (2% foliar spray of NPK 19:19:19) and T3 (2% foliar spray of DAP), and significantly higher than the remaining treatments. The above result on number of branches were similar to the findings of Sachan et al., 2024.

Dry weight per plant (g)
The data presented in the Table 2 revealed that differences in dry weight were observed among the treatments, indicating uniform biomass accumulation during early growth. At harvest, the highest dry weight (8.65 g plant⁻¹) was recorded with T4 (2% foliar spray of urea), which was statistically at par with T5 (2% foliar spray of NPK 19:19:19) and T3 (2% foliar spray of DAP) similar findings recorded by Pradhan 2021.Dry weight increased progressively with advancement in crop growth up to 75 DAS and thereafter stabilized at harvest. The rate of dry matter accumulation was slow up to 25 DAS but increased markedly between 50 and 75 DAS under foliar nutrient treatments confirmed by Hoque et al., 2025.
Number of Root Nodules per Plant
Result obtained from number of root nodules are presented in Table 2. At 60 DAS, the maximum number of root nodules per plant (17.00) was recorded in T4 (2% foliar spray of urea), followed by T5 (2% foliar spray of NPK 19:19:19), T3 (2% foliar spray of DAP), and T6 (2% foliar spray of Jeevamrut). while the lowest value (9.25) was recorded in the control. Overall, foliar nutrient application enhanced root nodulation in lentil. Foliar application of nutrients significantly influenced nodule formation at both observation stages under rainfed Vertisol conditions. The number of root nodules increased with advancement in crop growth up to 60 DAS across all treatments (Singh et al., 2023).
Table 2: Effect of different foliar spray of nutrient applications on growth parameters at different growth stages of lentil.
	Treatments
	Plant height
(cm)
	Number of branches (per plant)
	Dry weight
per plant                  (g)
	Number of root nodules per plant (At 60 DAS)

	T1 = Control
	32.95
	13.50
	6.52
	9.25

	T2 = Water spray
	33.95
	13.75
	7.81
	9.75

	T3 =2% Spray of DAP
	35.93
	15.00
	8.34
	12.00

	T4 = 2% Spray of Urea
	37.70
	16.25
	8.65
	17.00

	T5=2% Spray of NPK (19:19:19)
	37.30
	15.25
	8.37
	15.50

	T6=2% Spray of Jeevamrut
	35.35
	14.75
	8.19
	10.50

	SEm±
	0.23
	0.35
	0.25
	0.31

	CD at 5%
	0.71
	1.07
	0.76
	0.94


 Crop Growth Rate (CGR), Relative Growth Rate (RGR) 
Physiological Indices viz. crop growth rate (CGR) and relative growth rate (RGR) was influenced significantly by different treatments and were recorded during 25–50 and 50–75 days after sowing (DAS), and the results are presented in Table.3 Pandey et al., 2024 reported effects on relative growth rate (RGR) and other growth indices under different foliar treatments. A proportionate increase in CGR and RGR was observed with foliar nutrient treatments compared to the control. During 50-75 DAS, the highest CGR (0.020) and RGR (0.0077) were recorded in T4 (2% foliar spray of urea), followed by T5 (2% foliar spray of NPK 19:19:19), T3 (2% foliar spray of DAP), T6 (2% foliar spray of Jeevamrut), and T2 (water spray), while the lowest values were observed in the control (T1). 
Table 3: Effect of different foliar spray of nutrient applications on Crop growth rate (g m-2 day-1) and Relative growth rate (g g-1 day-1) of lentil.
	Treatments
	Crop growth rate (g m-2 day-1)
	Relative growth rate (g g-1 day-1)

	
	25-50
	50-75
	25-50
	50-75

	T1 = Control
	0.016
	0.004
	0.0219
	0.0028

	T2 = Water spray
	0.011
	0.010
	0.0214
	0.0032

	T3 =2% Spray of DAP
	0.018
	0.013
	0.0243
	0.0063

	T4 = 2% Spray of Urea
	0.023
	0.020
	0.0257
	0.0077

	T5 =2% Spray of NPK (19:19:19)
	0.020
	0.015
	0.0248
	0.0070

	T6 =2% Spray of Jeevamrut
	0.015
	0.012
	0.0231
	0.0048

	SEm±
	0.0022

	0.0023
	0.0013
	0.0014


	CD at 5%
	0.0067

	0.0070

	0.0039
	0.0043


Number of pods plant-1 and number of seeds per pod
The number of pods per plant and number of seeds per pod was recorded at harvest, and the results are presented in Table 4. Foliar application of nutrients significantly influenced pod formation in lentil under rainfed Vertisol conditions. The number of pods per plant ranged from 46.50 to 72.25 across treatments. The highest number of pods per plant (72.25) was recorded in T4 (2% foliar spray of urea), followed by T5 (2% foliar spray of NPK 19:19:19), T3 (2% foliar spray of DAP), and T6 (2% foliar spray of Jeevamrut). The lowest number of pods per plant (46.50) was observed in the control (T1). According to Pradhan et al., 2021 overall, foliar application of nutrients resulted in a substantial improvement in pod-bearing capacity of lentil plants. Similarly, with Number of Seeds per Pod, the number of seeds per pod was recorded at harvest resulted that foliar application of nutrients did not exert a significant influence on the number of seeds per pod in lentil under rainfed Vertisol conditions. The number of seeds per pod ranged from 1.41 to 2.00 across treatments, indicating that this trait was relatively stable and less responsive to foliar nutrient application (Board and Tan, 1995).
Seed Index
Seed index (100-seed weight) was significantly affected by foliar application of nutrients, as presented in Table 4. The highest seed index (4.30 g) was recorded in T4 (2% foliar spray of urea), which was statistically at par with T5 (2% foliar spray of NPK 19:19:19. The lowest seed index (2.90 g) was observed in the control (T1). Overall, foliar nutrient application improved seed weight, thereby contributing to enhanced yield potential also reported by Kaggod, 2018.
Table 4: Effect of different foliar spray of nutrient applications on Number of pods plant-1, number of seeds pod-1 and seed index of lentil.
	Treatments
	Number of pods plant-1
	Number of seeds 
pod-1
	100 Seed weight (g)

	T1 = Control
	46.50
	1.41
	2.90

	T2 = Water spray
	52.75
	1.50
	3.15

	T3 =2% Spray of DAP
	60.75
	1.75
	4.08

	T4 = 2% Spray of Urea
	72.25
	2.00
	4.30

	T5 =2% Spray of NPK (19:19:19)
	67.25
	2.00
	4.19

	T6 =2% Spray of Jeevamrut
	58.50
	1.50
	4.03

	SEm±
	1.15
	0.20
	           0.12


	CD at 5%
	3.47
	NS
	0.38


Seed Yield, Straw Yield, Biological Yield and Harvest Index (kg ha⁻¹)
Foliar application of nutrients resulted in significant variation in seed yield, straw yield, and biological yield of lentil grown under rainfed Vertisol conditions, as presented in Table 5. The highest seed yield (1736 kg ha⁻¹) was obtained in T4 (2% foliar spray of urea). The lowest seed yield (1331 kg ha⁻¹) was recorded in the control (T1), which was significantly inferior to all foliar nutrient treatments. Foliar spray of nitrogen has been found to delay leaf senescence and improves yield stated by Das and Jana, 2015. In case of control, the growth and development of plants were hampered due to imbalance nutrient which resulted in poor performance of yield attributes and ultimately led to lowest seed yield (Marschner, 2012).
Straw yield was also significantly influenced by foliar nutrition and the maximum straw yield (2530 kg ha⁻¹) was recorded in T4, followed closely by T5, with no significant difference between these treatments. The enhanced straw production under foliar nutrient application contributed to improved total biomass accumulation. Consequently, biological yield showed significant differences among treatments, the highest biological yield (4467 kg ha⁻¹) was obtained in T4, whereas the control recorded the lowest biological yield (3788 kg ha⁻¹), which was significantly lower than all other treatments. Kumar et al., 2023 reported significantly higher straw yield and biological yield with 2% foliar spray of urea, which was statistically at par with NPK (19:19:19) and Control treatment recorded the lowest biomass accumulation. Harvest index was not significantly affected by foliar nutrient application and remained relatively stable across treatments, ranging from 42.66 to 43.33%, indicating a consistent partitioning of assimilates between economic yield and total biomass. Harvest Index is also not influenced by any of the given treatment and this might be due to character, highly associated with genetic makeup of the crop (Singh et al., 2011 and Thiyagarajan et al., 2003).
Economics
Economic analysis revealed that significantly highest The highest gross return (₹101,230 ha⁻¹) and net return (₹84,167 ha⁻¹) under T4 (2% foliar spray of urea), reflecting its superior yield performance. In contrast, the lowest gross return (₹87,020 ha⁻¹) and net return (₹71,288 ha⁻¹) were observed in the control treatment (T1). The economic analysis of different treatments was performed based on the prevailing market prices of inputs and lentil produce during the experimental period, and the results are presented in Table 5. Foliar nitrogen application significantly increased gross and net monetary returns, owing to yield enhancement, despite marginal increase in cost of cultivation (Das and Jana 2015). Although numerical differences were observed in the benefit–cost (B:C) ratio among treatments, these differences were statistically non-significant. The maximum B:C ratio (4.93 per rupee invested) was recorded in T4 (2% foliar spray of urea) and T6 (2% foliar spray of Jeevamrut), indicating better economic efficiency of these treatments compared to the others. Overall, foliar application of nutrients, particularly urea and Jeevamrut, improved economic returns from lentil cultivation under rainfed conditions (Hazra and Basu, 2023).




       Table 5: Effect of different foliar spray of nutrient applications on yield and economics of lentil.
	Treatments
	Seed yield
(kg ha-1)
	Straw yield
(kg ha-1)
	Biological
yield
(kg ha-1)
	Harvest
Index
(%)
	Net profit (Rs ha-1)
	Benefit: Cost (per Rs  invested)

	T1 = Control
	1331
	2175
	3788
	42.86
	71288
	4.53

	T2 = Water spray
	1513
	2302
	4042
	42.66
	75798
	4.66

	T3 =2% Spray of DAP
	1678
	2493
	4359
	42.97
	82238
	4.70

	T4 = 2% Spray of Urea
	1736
	2530
	4467
	43.33
	84167
	4.93

	T5 =2% Spray of NPK (19:19:19)
	1720
	2503
	4380
	42.84
	82503
	4.68

	T6 =2% Spray of Jeevamrut
	1667
	2489
	4356
	42.86
	82771
	4.93

	SEm±
	    39.72

	35.63
	       77.17

	0.28
	  1425.20

	    0.08


	CD at 5%
	119.71
	107.38
	232.55
	NS
	4295.12
	NS




CONCLUSION
It may be concluded from the study that the application of 2% foliar spray of urea at pre-flowering stage and 15 days after pre-flowering resulted in the highest grain yield of lentil, which was significantly superior to all other treatments. However, the treatment involving 2% foliar spray of NPK (19:19:19) at the same stages remained statistically at par with urea application. Similarly, yield attributes and overall productivity of lentil (RVL 13-7) were maximized with 2% urea spray, followed by 2% NPK (19:19:19) spray. Although the Vertisols of the experimental site were medium to high in available N, P and K, the crop exhibited a positive response to foliar nutrient application, indicating the effectiveness of supplemental nutrient supply through foliage under rainfed conditions. The highest net return and benefit–cost (B:C) ratio were also recorded with 2% foliar application of urea, followed by 2% NPK (19:19:19). Foliar application of 2% DAP and Jeevamrut showed moderate improvement in crop performance but was inferior to urea and NPK treatments, whereas water spray and control treatments recorded the lowest yield and economic returns.
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Graph 1 Effect of different foliar spray of nutrient applications on seed yield and straw yield

seed yield kg per ha	
T1	T2	T3	T4	T5	T6	1331	1513	1678	1736	1720	1667	Straw yield kg per ha	
T1	T2	T3	T4	T5	T6	2175	2302	2493	2530	2503	2489	
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