[bookmark: _Hlk150435584]Effect of zinc and boron fortified Konkan Annapurna Briquettes (KAB) on yield, nutrient uptake by brinjal, nutrient use efficiency and soil properties 


ABSTRACT
	Improving nutrient use efficiency is a critical challenge in agriculture, where current averages are low (30-35%). This study, conducted over two consecutive rabi seasons (2021-22 and 2022-23), examined the impact of zinc and boron-fortified Konkan Annapurna Briquettes (KAB) on brinjal yield, nutrient uptake, and soil health in the Konkan region of Maharashtra. The experiment included three levels of recommended nitrogen doses - 100%, 80%, and 60% - applied via KAB, with and without zinc and boron fortification, as well as comparisons with traditional straight fertilizers. Results indicated that the highest fruit yield (314.27 and 319.90 q ha-1) and increased nutrient uptake of nitrogen (N), phosphorus (P), zinc (Zn), and boron (B) were achieved with 100% nitrogen applied through KAB fortified with 2 kg B and 3 kg Zn per hectare, closely followed by the 80% nitrogen treatment with the same fortification. Additionally, the study observed notable improvements in nitrogen, zinc, and boron use efficiency, ranging from 32-38%, 22-32%, and 32-41%, respectively, when using briquettes compared to straight fertilizers. This nutrient delivery method also contributed to sustainable soil fertility, demonstrating that fortified briquettes could significantly enhance nutrient efficiency and productivity in brinjal cultivation. 
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1. INTRODUCTION:
	Brinjal, also known as eggplant or aubergine, is a widely cultivated vegetable crop belonging to the Solanaceae family. It is a warm-season crop that thrives in tropical and subtropical regions around the world. Brinjal is a versatile vegetable that can be used in a variety of dishes, including curries, stews, and salads. It is a good source of vitamins, minerals, and dietary fibre. Brinjal occupies about 6.62 per cent of the total area under vegetables and 6.34 per cent of total production of vegetables in India (Anonymous, 2022). Area under the brinjal cultivation in India is 764.55 thousand hectares with production of 12607.36 thousand tonnes and productivity of 16.49 MT ha-1 (Anonymous, 2023). In Maharashtra, area under brinjal crop is 19.09 thousand hectares with 320.57 thousand tonnes annual production and productivity of 16.79 MT ha-1 (Anonymous, 2023).  
Brinjal production in India has been facing challenges in recent years, primarily due to declining yields. This long-duration, high-yielding crop depletes soil nutrients significantly, impacting its growth and productivity. While macronutrients are crucial, micronutrients like zinc (Zn) and boron (B) play a vital role in various plant metabolic processes. However, imbalanced fertilization practices and low soil availability of these micronutrients in major brinjal-growing regions are likely contributing factors to these yield losses (Benepal, 1967). Micronutrients, despite being required in small amounts, are essential for plant growth and development. Intensive cropping systems, soil erosion, leaching, and reduced use of organic manure have significantly increased micronutrient deficiencies in agricultural soils. These deficiencies can lead to physiological stresses in plants, hindering their enzymatic activity and overall metabolic functions, ultimately impacting yield. (Fageria, 2009). The combined effects of intensive cropping, soil erosion, leaching, liming, and decreased organic matter use have resulted in a significant depletion of soil micronutrients. (Fageria                    et al., 2002). 
Broadcasting urea fertilizer can lead to significant nitrogen losses through ammonia volatilization, with studies showing 10 times higher ammonium levels in floodwater compared to deep placement methods using briquettes (Kapoor et al., 2008). Deep placement techniques, such as those utilizing briquettes, not only minimize nitrogen losses but also offer environmental benefits by reducing pollution and maintaining soil fertility (Mikkelsen et al., 1978; BRRI, 2010). Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli, recommended Konkan Annapurna Briquettes (KAB) for submerged rice, these are prepared by combining urea with Godavari (14:35:14), and the resulting KAB has 34:14:06 per cent N: P2O5: K2O, respectively. Some researchers also documented the utility and economic feasibility of application of Konkan Annapurna briquettes (KAB) for increasing yield of rabi crop output and sustaining soil fertility of lateritic soils of Konkan region (Kokare et al., 2015 and Tapkeer et al., 2017). 
While brinjal fertilization studies in the Konkan region are extensive, research on micronutrient-fortified briquettes remains limited. Given the importance of balanced fertilization in addressing nutrient deficiencies, this study, entitled “Effect of zinc and boron fortified Konkan Annapurna Briquettes (KAB) on yield, nutrient uptake by brinjal, nutrient use efficiency and soil properties” was undertaken to explore the potential benefits of Zn and B-fortified briquettes in improving brinjal yield and nutrient use efficiency.









2. MATERIALS AND METHODS:
The field experiment was conducted during the rabi seasons of 2021-22 and 2022-23 at the Research Farm of the Department of Agronomy, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli, Maharashtra (latitude 17°45'57.186"N, longitude 73°10'24.09276"E). The soil at the experimental site was sandy loam in texture, moderately acidic (pH 6.74), low in salt content (0.12 dS m⁻¹), high in organic carbon (19.11 g kg⁻¹), low in available nitrogen (203.84 kg ha⁻¹) and phosphorus (12.30 kg ha⁻¹), and moderate in available potassium (201.60 kg ha⁻¹).
The experiment was laid out in a Randomized Block Design (RBD) with three replications, with each plot measuring 4.8 m × 3.6 m. Nine treatments were evaluated:
	T1
	Absolute control

	T2
	RDF (150:50:50 N: P2O5: K2O kg ha-1) through straight fertilizers

	T3
	100 % N through Konkan Annapurna Briquette (KAB)

	T4
	80 % N through Konkan Annapurna Briquette (KAB)

	T5
	60 % N through Konkan Annapurna Briquette (KAB)

	T6
	RDF + 2 kg boron + 3 kg zinc ha-1

	T7
	100 % N through KAB fortified with 2 kg boron + 3 kg zinc ha-1

	T8
	80 % N through KAB fortified with 2 kg boron + 3 kg zinc ha-1

	T9
	60 % N through KAB fortified with 2 kg boron + 3 kg zinc ha-1


All treatments except T1 received farmyard manure (FYM) at 20 t ha⁻¹ via spot application. Briquettes were applied through deep placement at transplanting, 30 days after transplanting (DAT), and 60 DAT. In treatments using straight fertilizers, phosphorus and potassium were applied in full at transplanting, and nitrogen was given in three split doses via ring placement at transplanting, 30 DAT, and 60 DAT.
Brinjal variety Konkan Prabha was used as the test crop. Healthy one-month-old seedlings of uniform size were transplanted in each plot at a spacing of 60 cm × 60 cm, with a total of 48 seedlings per plot. Transplanting was conducted in the first fortnight of November in both years of the study. Recommended agronomic practices for brinjal cultivation were followed as per university guidelines.
Soil, plant, and fruit samples were analyzed following standard analytical methods to assess nutrient content and uptake. Data on brinjal fruit yield, nutrient uptake, and soil properties were statistically analyzed using analysis of variance (ANOVA) as described by Panse and Sukhatme (2000). Treatment means were compared using the critical difference (CD) at a 5% significance level.
3. [bookmark: _Hlk150790236]RESULTS AND DISCUSSION:
3.1. [bookmark: _Hlk150790222][bookmark: _Hlk150790261]Effect on yield: - Brinjal yield attributes were significantly impacted by different fertilizer and briquette treatments (Table 1). The highest fruit yield, recorded at 314.27 and 319.90 q ha-1 for 2021-22 and 2022-23 respectively, was achieved with 100% nitrogen applied through Konkan Annapurna Briquettes (KAB) fortified with 2 kg boron and 3 kg zinc ha⁻¹ (T7). The lowest yield, 110.80 and 111.40 q ha-1, was observed in the absolute control (T1). In 2021-22, T7 results were statistically similar to T3, T6, and T8; in 2022-23, T7 was comparable to T2, T3, T6, and T8. Stover yield was also highest in T7 (18.39 and 18.80 q ha⁻¹) across both years, with the control (T1) showing the lowest stover yield at 0.93 and 0.95 t ha⁻¹. In 2021-22, T7 was at par with T2 and T6, while in 2022-23, T7 was similar to T2, T3, T4, T6, and T8.
Table 1. Influence of micronutrient fortified briquettes on fruit and stover yield of brinjal (kg ha-1)
	[bookmark: _Hlk150790278]Tr.
No.
	Treatment Details
	Rabi, 2021-22
	Rabi, 2022-23

	
	
	Fruit Yield
(q ha-1)
	Stover yield
(q ha-1)
	Fruit Yield
(q ha-1)
	Stover yield
(q ha-1)

	T1
	Absolute control
	110.80
	9.30
	111.40
	9.50

	T2
	[bookmark: _Hlk144623142]RDF (150:50:50 N: P2O5 K2O kg ha-1) through straight fertilizers
	266.13
	17.71
	275.73
	17.90

	T3
	100 % N through Konkan Annapurna Briquettes (KAB)
	274.07
	15.20
	284.03
	16.07

	T4
	80 % N through Konkan Annapurna Briquettes (KAB)
	219.33
	13.97
	225.63
	15.73

	T5
	60 % N through Konkan Annapurna Briquettes (KAB)
	203.00
	11.49
	204.93
	11.73

	[bookmark: _Hlk150764258]T6
	[bookmark: _Hlk145064978]RDF + 2 kg boron + 3 kg zinc ha-1
	274.37
	16.74
	288.53
	17.07

	T7
	[bookmark: _Hlk144568981]100 % N through KAB fortified with 2 kg boron + 3 kg zinc ha-1
	314.27
	18.39
	319.90
	18.80

	T8
	80 % N through KAB fortified with 2 kg boron + 3 kg zinc ha-1
	276.67
	13.68
	279.43
	15.53

	T9
	60 % N through KAB fortified with 2 kg boron + 3 kg zinc ha-1
	223.00
	11.59
	226.40
	12.40

	SE(m) ±
	13.73
	1.01
	16.73
	1.17

	C.D. @ 5%
	41.17
	3.03
	50.15
	3.49


The increase in brinjal fruit and stover yield can be attributed to the sustained nutrient release from zinc and boron-fortified KAB throughout the crop's growth period. This was reflected in improved yields, aligning with Dademal’s (2018) findings in chilli, where KAB fortified with zinc and boron increased green pod yield. Enhanced yield with micronutrient application is likely due to improved photosynthesis, carbohydrate production, and favourable effects on vegetative growth, flower, and fruit retention. These results are consistent with studies by Kokare et al. (2015), Torane et al. (2017), and Kadam et al. (2017).
3.2. [bookmark: _Hlk146998901]Nutrient uptake: - Nutrient uptake by brinjal were significantly influenced by different fertilizer and briquettes treatments (Table 2.). The highest nitrogen and phosphorous uptake were observed in treatment comprised of 100 per cent N through KAB fortified with 2 kg boron and 3 kg zinc ha-1 (T7). The increase in total N uptake by brinjal plant might be due to adequate supply of nutrients supplied in the form of zinc and boron fortified briquettes. Under the ideal supply of P in the current experiment, the increased availability of nutrients and probably higher root activity may have led to greater extraction of the nutrients from the soil and improved translocation of absorbed nutrients to various growth sections of the plant. Increase in P uptake due to the deep placement of briquettes containing NPK in different levels. The highest potassium uptake was found in treatment RDF + 2 kg boron + 3 kg zinc ha-1 (T6). As the potassium supplied through briquettes was half of the recommended dose fertilizer, which was reflected in potassium content in brinjal plant and fruit over period of brinjal plant growth. Application of boron improves the K uptake since it plays a vital role in enhancing conducting tissue as well as permissibility of potassium is well documented by Mozafar (1989).  Data on total zinc and boron uptake by the brinjal plant indicated that the treatment supplied with 100 per cent N through KAB fortified with 2 kg boron and 3 kg zinc ha-1 (T7) produced statistically significant effect on total zinc and boron uptake by the brinjal plant over all the treatments during both the years of investigation. The boron and zinc enhance protein synthesis and metabolic processes, which enhance nutrient uptake and translocation in plants. It could be the cause of an increase in boron and zinc absorption. These findings are in agreement with the findings of Satpute et al. (2013) and Kadam et al. (2017) in okra and Dademal (2018) in chilli, respectively.
Table 2. Effect of zinc and boron fortified briquettes on total nutrient uptake by brinjal
	Treatment No.
	Nitrogen uptake (kg ha-1)
	Phosphorous uptake (kg ha-1)
	Potassium uptake (kg ha-1)
	Zinc uptake           (g ha-1)
	Boron uptake           (g ha-1)

	
	2021 -22
	2022 -23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23

	T1
	[bookmark: _Hlk146998689]27.58
	[bookmark: _Hlk146998700]28.35
	6.34
	5.07
	[bookmark: _Hlk146998804]40.85
	33.98
	[bookmark: _Hlk146999236]19.99
	19.86
	[bookmark: _Hlk146999366]10.86
	14.18

	T2
	87.96
	84.56
	20.45
	15.08
	129.88
	139.05
	48.66
	48.86
	33.53
	34.89

	T3
	91.92
	92.69
	20.67
	16.54
	118.15
	123.84
	49.23
	50.99
	33.56
	33.68

	T4
	63.83
	67.48
	16.57
	13.22
	88.51
	91.36
	39.77
	40.76
	24.87
	26.77

	T5
	50.99
	52.78
	13.19
	10.51
	74.02
	73.96
	35.00
	34.09
	17.80
	24.04

	T6
	88.21
	88.17
	20.34
	15.05
	[bookmark: _Hlk146998923]130.24
	146.94
	52.85
	56.37
	46.48
	55.87

	T7
	[bookmark: _Hlk146998606]107.75
	[bookmark: _Hlk146998617]110.62
	[bookmark: _Hlk146998636]25.07
	19.57
	129.92
	143.27
	[bookmark: _Hlk146999215]63.38
	65.28
	[bookmark: _Hlk146999338]61.03
	[bookmark: _Hlk146999349]67.99

	T8
	80.58
	87.03
	20.08
	14.81
	106.63
	115.57
	50.61
	53.58
	40.56
	51.93

	T9
	55.45
	62.59
	12.10
	10.91
	81.28
	83.18
	39.66
	38.96
	25.65
	32.13

	SE (m) ±
	4.86
	5.22
	0.96
	1.33
	7.23
	6.20
	2.43
	2.38
	3.28
	3.51

	CD @ 5%
	14.56
	15.64
	2.87
	3.98
	21.68
	18.59
	7.29
	7.13
	9.83
	10.51


3.3. Nutrient use efficiency (%): -
· [bookmark: _Hlk147000158]Nitrogen use efficiency (apparent recovery %): - The nitrogen use efficiency varied from 26.01 and 53.45 per cent and 27.15 and 54.85 per cent during the years 2021-22 and 2022-23, respectively (Fig. 1 and Fig. 2). The highest (53.45 and 54.85 per cent) nitrogen use efficiency was observed in the treatment (T7) receiving 100 % N through KAB fortified with 2 kg boron + 3 kg zinc ha-1 during the year 2021-22 and 2022-23, respectively. While in straight fertilizer treatment, NUE was observed in the range of 37.48 to 40.42 per cent which is about 32-35 per cent lower than briquette treatment. These results are in conformity with Deep et al. (2020), Marahatta (2022) and Pandit et al. (2022).

· [bookmark: _Hlk147000179]Zinc use efficiency (apparent recovery %): - The zinc use efficiency (ZnUE) varied from 1.10 to 1.33 per cent with soil application of 3 kg Zn through straight fertilizers and 1.45 to 1.62 per cent upon application of 3 kg Zn in the form of briquettes (Fig. 1 and Fig. 2). The highest zinc use efficiency (1.45 and 1.62 %) was observed in the treatment (T7) receiving 100 % N through KAB fortified with 2 kg Boron + 3 kg Zinc ha-1 during the year 2021-22 and 2022-23, respectively. Similar results have been reported by Yadav et al. (2013) and Banerjee et al. (2016).
Fig. 1. Influence of zinc and boron fortified briquettes on nutrient use efficiency (%) during 2021-22

Fig. 2. Influence of zinc and boron fortified briquettes on nutrient use efficiency (%) during 2022-23

· [bookmark: _Hlk147000219]Boron use efficiency (apparent recovery %): - The boron use efficiency was observed in the range of 1.79-1.85 per cent in straight fertilizer application while in briquette form application of boron the boron use efficiency was 32-41 per cent higher than straight fertilizers and was found in the range of 2.45 to 2.52 per cent (Fig 1. and Fig. 2). These findings are in agreement with the findings of Sarkar et al. (2007) and Basumatary et al. (2021).

3.4. Soil properties: - 
3.4.1. Available N (kg ha-1): - When data were closely reviewed, it was observed that average nitrogen status was at its maximum up to 60 DAT, and then it exhibited a clear decline in its level at 90 DAT and following 120 DAT (Table 3). The use of nitrogen by the brinjal crop may account for the decline in available nitrogen status as the brinjal crop grows. Nitrogen may have also been lost by leaching in addition to this due to percolative properties of lateritic soils. The experimental plot's typical lateritic soil was indicated by the fact that the availability of nitrogen during the brinjal crop's development period was generally determined to be medium at all stages of growth.
		  It may be due to the addition of nitrogen through the use of Konkan Annapurna briquettes (KAB), which may have assisted in raising the nitrogen status of the soil by fortifying them with zinc and boron. Briquette application of NPK has been shown to be superior than straight fertilizer application for enhancing soil availability of N (Bagal, 2009). Parchure (2011) found the same thing that NPK provided by deep placement of UB-DAP, UB- Suphala, and UB- Godavari reported greater status of nitrogen over the traditional technique of applying fertilizers in the lateritic soils of Konkan (MS). Similar results were found by Dademal (2018) in chilli crop.
       Table 3. Effect of zinc and boron fortified briquettes on available nitrogen (kg ha-1) content in the soil
	Treatment
	Rabi, 2021-22 
	Rabi, 2022-23 

	
	30 DAT
	60 DAT
	90 DAT
	120 DAT
	30 DAT
	60 DAT
	90 DAT
	120 DAT

	T1
	195.48
	270.74
	254.67
	228.93
	214.29
	209.20
	195.09
	187.11

	T2
	272.83
	330.07
	269.72
	238.34
	246.70
	245.65
	210.11
	195.28

	T3
	279.10
	336.07
	279.10
	252.97
	243.56
	255.36
	218.47
	211.16

	T4
	272.78
	321.90
	269.61
	247.74
	235.20
	242.04
	214.31
	200.62

	T5
	212.24
	280.62
	256.11
	213.25
	220.57
	209.80
	193.39
	186.07

	T6
	271.77
	329.91
	269.70
	234.81
	247.74
	231.02
	209.96
	195.48

	[bookmark: _Hlk144818138]T7
	302.22
	350.15
	[bookmark: _Hlk144817244]285.38
	269.70
	249.84
	254.78
	218.14
	213.25

	T8
	271.53
	333.69
	270.74
	265.51
	234.15
	242.52
	210.11
	200.55

	T9
	215.58
	305.23
	260.29
	235.46
	226.84
	223.70
	203.93
	197.00

	SE (m) ±
	10.54
	11.28
	6.18
	9.53
	6.66
	9.35
	4.12
	5.16

	C. D. @ 5%
	31.61
	33.80
	18.51
	28.57
	19.97
	28.04
	12.34
	15.47


3.4.2. Available P2O5 (kg ha-1): - A close scrutiny of data revealed that average phosphorous status was at its maximum up to 60 DAT, and then it exhibited a clear decline in its level at 90 DAT and following 120 DAT (Table 4).
 Table 4. Effect of zinc and boron fortified briquettes on available phosphorous (kg ha-1) content in the soil
	Treatment
	Rabi, 2021-22 
	Rabi, 2022-23 

	
	30 DAT
	60 DAT
	90 DAT
	120 DAT
	30 DAT
	60 DAT
	90 DAT
	120 DAT

	T1
	13.16
	13.30
	11.08
	11.05
	10.07
	11.57
	11.80
	10.79

	T2
	18.08
	22.01
	21.76
	15.29
	17.16
	23.05
	19.79
	14.12

	T3
	18.34
	24.60
	24.75
	17.30
	21.08
	26.97
	22.70
	17.41

	T4
	18.13
	23.09
	22.55
	16.83
	17.26
	24.25
	21.53
	15.61

	T5
	15.75
	16.62
	18.29
	14.03
	10.73
	21.76
	15.09
	12.16

	T6
	18.56
	24.04
	20.67
	15.25
	17.35
	22.89
	17.42
	14.09

	T7
	18.99
	26.09
	26.34
	17.75
	21.45
	27.14
	24.94
	17.83

	T8
	18.64
	23.62
	23.90
	16.23
	17.34
	24.28
	22.31
	15.64

	T9
	14.89
	18.52
	21.11
	14.67
	15.14
	19.88
	18.42
	12.33

	SE (m) ±
	0.98
	1.57
	1.42
	0.76
	1.46
	1.45
	1.17
	0.78

	C. D. @ 5%
	2.94
	4.70
	4.25
	2.27
	4.39
	4.34
	3.50
	2.35


At all growth stages of brinjal crop available phosphorus content was observed to be the highest as a result of application of 100 per cent N through KAB fortified with 2 kg boron and 3 kg zinc ha-1 (T7). According to More and Shinde (2002), using briquettes to apply the full recommended amount of NPK was observed to be more effective in boosting the soil's availability of P than applying fertilizer directly to the soil. However, available phosphorus was categorized as adequate (medium) at 30, 60, 90 and 120 DAT of brinjal crop which indicated a typical lateritic soil of the experimental plot.

3.4.3. Available K2O (kg ha-1): - The data pertaining to the available K2O in soil as affected by zinc and boron fortified Konkan Annapurna Briquettes (KAB) at 30, 60, 90 DAT and 120 DAT of brinjal crop are presented in Table 5. The available K2O status was observed to be decreased with advancement of growth stages of brinjal crop. However, it was maximum in the treatments RDF + 2 kg boron + 3 kg zinc ha-1 (T6) and RDF (150:50:50 N: P2O5: K2O kg ha-1) through straight fertilizers (T2) as compared to rest of the treatments. There was a buildup in available K2O status as compared to its initial status (201.60 kg ha-1). The increase in K2O availability might be due to synergistic effect of micronutrients and N, with phosphorous and potassium which increased the availability of K2O in the soil. The nutrients applied through straight fertilizers might have shown its significant influence on available potassium status of soil as compared to nutrients applied through briquettes because through briquettes only nearly half quantity that of straight fertilizer was given which reflected in K2O availability. 

Table 5. Effect of zinc and boron fortified briquettes on available potassium (kg ha-1) content in the soil
	Treatment
	Rabi, 2021-22 
	Rabi, 2022-23 

	
	30 DAT
	60 DAT
	90 DAT
	120 DAT
	30 DAT
	60 DAT
	90 DAT
	120 DAT

	T1
	179.61
	283.05
	244.43
	238.97
	179.56
	205.53
	144.60
	140.30

	T2
	297.27
	337.99
	268.98
	275.73
	261.95
	270.70
	223.72
	193.95

	T3
	181.21
	261.84
	221.22
	242.64
	219.79
	233.76
	177.02
	161.84

	T4
	178.72
	253.03
	218.44
	239.63
	223.29
	234.65
	177.12
	158.99

	T5
	165.76
	247.39
	220.68
	227.45
	213.61
	227.80
	166.98
	146.38

	T6
	297.87
	347.09
	271.45
	281.70
	270.82
	274.73
	227.47
	194.19

	T7
	261.04
	257.51
	249.80
	262.06
	216.14
	237.43
	182.79
	162.15

	T8
	208.37
	250.43
	245.15
	263.91
	216.29
	218.70
	173.93
	154.71

	T9
	192.64
	243.59
	200.61
	258.96
	206.12
	212.71
	162.43
	151.24

	SE(m) ±
	8.04
	17.42
	9.38
	11.86
	15.07
	11.34
	11.00
	12.50

	C. D. @ 5%
	24.10
	52.22
	28.13
	NS
	45.17
	34.00
	32.97
	NS


3.4.4. DTPA extractable zinc (mg kg-1): - 

Table 6. Effect of zinc and boron fortified briquettes on DTPA extractable zinc (mg kg-1) content in the soil
	Treatment
	Rabi, 2021-22 
	Rabi, 2022-23 

	
	30 DAT
	60 DAT
	90 DAT
	120 DAT
	30 DAT
	60 DAT
	90 DAT
	120 DAT

	T1
	1.24
	0.97
	1.10
	0.85
	1.20
	0.91
	1.04
	0.70

	T2
	1.24
	0.99
	1.07
	0.87
	1.22
	0.96
	1.02
	0.74

	T3
	1.19
	0.98
	1.10
	0.84
	1.16
	0.94
	1.05
	0.76

	T4
	1.22
	1.05
	1.10
	0.79
	1.16
	1.01
	1.06
	0.67

	T5
	1.20
	1.07
	1.11
	0.85
	1.13
	1.03
	1.07
	0.70

	T6
	1.45
	1.20
	1.19
	0.86
	1.43
	1.15
	1.13
	0.79

	T7
	1.47
	1.50
	1.34
	1.02
	1.46
	1.47
	1.28
	0.94

	T8
	1.36
	1.41
	1.24
	0.91
	1.31
	1.37
	1.19
	0.79

	T9
	1.35
	1.17
	1.16
	0.84
	1.30
	1.21
	1.13
	0.76

	Mean
	1.30
	1.15
	1.16
	0.87
	1.26
	1.12
	1.11
	0.76

	SE(m) ±
	0.04
	0.11
	0.04
	0.04
	0.07
	0.12
	0.05
	0.07

	C. D. @ 5%
	0.13
	0.33
	0.13
	NS
	0.22
	0.37
	0.14
	NS


[bookmark: _Hlk146878797][bookmark: _GoBack]		The average Zn content showed variation from 1.30 and 1.26, 1.15 and 1.12, 1.16 and 1.11 and 0.87 and 0.76 mg kg-1 at 30, 60, 90 and 120 DAT of the brinjal crop (Table 6), respectively indicating Zn status just above the critical level in the lateritic soil (Gajbhiye, 1985). A critical examination of data further indicated that average available Zn content was lower at 90 DAT as compared to available Zn at 60 DAT during the 2021-22 and 2022-23. Application of 100 per cent N through KAB fortified with 2 kg boron and 3 kg zinc ha-1 (T7) showed significantly higher Zn content over all the treatments during both the years of investigation. The results of the present investigation were in the close conformity with Kokare et al. (2015), and Dademal (2018).
3.4.5. [bookmark: _Hlk144906547]Hot water extractable boron (mg kg-1): - The information regarding the hot water extractable boron in soil as impacted by zinc and boron fortified Konkan Annapurna Briquettes (KAB) at 30, 60, 90, and 120 DAT of brinjal crop is given in Table 7.
Table 7. Effect of zinc and boron fortified briquettes on hot water extractable boron (mg kg-1) content in the soil
	[bookmark: _Hlk141464792]Treatment
	Rabi, 2021-22 
	Rabi, 2022-23 

	
	30 DAT
	60 DAT
	90 DAT
	120 DAT
	30 DAT
	60 DAT
	90 DAT
	120 DAT

	T1
	0.78
	0.93
	0.80
	0.72
	0.43
	0.55
	0.39
	0.36

	T2
	1.05
	1.15
	1.10
	0.97
	0.63
	0.56
	0.42
	0.38

	T3
	1.09
	1.16
	1.11
	0.96
	0.57
	0.61
	0.47
	0.45

	T4
	1.06
	1.11
	1.04
	0.97
	0.57
	0.64
	0.40
	0.36

	T5
	1.03
	1.12
	1.03
	0.74
	0.58
	0.59
	0.57
	0.43

	T6
	1.32
	1.52
	1.25
	1.05
	0.73
	0.87
	0.68
	0.46

	T7
	1.48
	1.58
	1.41
	1.27
	0.83
	1.00
	0.81
	0.64

	T8
	1.22
	1.30
	1.23
	1.15
	0.73
	0.86
	0.69
	0.57

	T9
	1.12
	1.22
	1.11
	1.05
	0.65
	0.74
	0.45
	0.37

	SE(m) ±
	0.12
	0.10
	0.10
	0.07
	0.05
	0.06
	0.05
	0.05

	C. D. @ 5%
	0.35
	0.31
	0.29
	0.21
	0.15
	0.19
	0.14
	0.16


Hot water extractable boron content in soil showed variation in its content as a result of various treatment. There was a slight but definite increase in the average value of hot water extractable boron content in soil at 60 DAT as compared to its content at 30 DAT in both the years of investigation. Thereafter hot water extractable boron content was found to be drastically reduced at 90 DAT and 120 DAT of brinjal crop. However, it was slightly higher at 90 DAT than its content at 120 DAT. The delivery of nutrients via. briquettes in split dosages might have supplemented an adequate amount of boron, meeting the need of the brinjal crop. The incorporation of organic matter, an increase in soil moisture, and boron-containing inorganic fertilizers (Borax) may be responsible for the rise in boron concentration. Its slow decline after 60 DAT, though, could be the result of plant absorption. The similar results were also reported by Jyolsna and Mathew (2008) in tomato, and Dademal (2018) in chilli.
4. CONCLUSION:
The present study demonstrates that zinc- and boron-fortified Konkan Annapurna Briquettes (KAB) effectively enhance brinjal fruit yield, nutrient uptake, and soil fertility sustainability in the Konkan region of Maharashtra. Application of 100% N through fortified KAB (2 kg B and 3 kg Zn ha⁻¹), followed by 80% N through similarly fortified KAB, achieved the highest productivity. Nutrient use efficiency improved significantly, with nitrogen use efficiency increased by 32-38%, zinc by 22-32%, and boron by 32-41% compared to straight fertilizers.
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2021-22
Nitrogen Use efficiency (%)	T1	T2	T3	T4	T5	T6	T7	T8	T9	0	40.25	42.89	30.21	26.01	40.42	53.45	44.16	30.97	Zinc Use efficiency (%)	T1	T2	T3	T4	T5	T6	T7	T8	T9	0	0	0	0	0	1.1000000000000001	1.45	1.28	1.0900000000000001	Boron use efficiency (%)	T1	T2	T3	T4	T5	T6	T7	T8	T9	0	0	0	0	0	1.79	2.52	1.87	1.25	




2022-23
Nitrogen Use efficiency (%)	T1	T2	T3	T4	T5	T6	T7	T8	T9	0	37.479999999999997	42.9	32.61	27.15	39.880000000000003	54.85	48.9	38.04	Zinc Use efficiency (%)	T1	T2	T3	T4	T5	T6	T7	T8	T9	0	0	0	0	0	1.33	1.62	1.54	1.24	Boron use efficiency (%)	T1	T2	T3	T4	T5	T6	T7	T8	T9	0	0	0	0	0	1.85	2.4500000000000002	2.14	1.38	




