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RESPONSE OF SULPHUR AND ZINC NUTRITION ON NUTRIENT UPTAKE AND SOIL PROPERTIES OF SESAME (Sesamum indicum L.) UNDER RAINFED CONDITION

ABSTRACT
Aims: To study the effect of sulphur and zinc nutrition on nutrient uptake and post-harvest soil properties in rainfed sesame (Sesamum indicum L.).	Comment by suraj mishra: Merge abstract into single paragraph.

Study Design: Field experiment in Factorial Randomized Block Design (FRBD) with four replications.
Place and Duration of Study: College Farm, College of Agriculture, Navsari Agricultural University, Bharuch, Gujarat, during late kharif (August–November), 2025.
Methodology: Nine treatment combinations of three levels of sulphur (0, 20 and 40 kg S ha-1 as bentonite sulphur) and three levels of zinc (0, 2.5 and 5.0 kg Zn ha-1 as zinc-EDTA) were imposed on sesame cv. Gujarat Til-4 over a common dose of 30:25:00 kg N:P₂O₅:K₂O ha-1. Sulphur and zinc content and uptake in seed and stover, alongside post-harvest soil physico-chemical and biological properties, were recorded and subjected to ANOVA.
Results: Application of 40 kg S ha-1 and 5.0 kg Zn ha-1 significantly enhanced nutrient accumulation. Total sulphur and zinc uptake were highest under 40 kg S ha-1 (8.66 kg S and 95.47 g Zn ha-1) and 5.0 kg Zn ha-1 (7.20 kg S and 88.60 g Zn ha-1). Post-harvest soil analysis showed a significant build-up of available macro- and micronutrients with the highest targeted doses. Application of 40 kg S ha-1 maximized available N (266.66 kg ha-1), P₂O₅ (53.07 kg ha-1), K₂O (389.21 kg ha-1), S (18.04 mg kg-1), and Fe (2.00 mg kg-1), alongside significant improvements in soil organic carbon (7.2 g kg-1) and beneficial microbial populations (bacteria, actinomycetes, and fungi). Soil pH and physical properties (bulk density, particle density, porosity) were statistically unaffected by the treatments. The S × Zn interaction was non-significant for all parameters studied.
Conclusion: Balanced sulphur–zinc nutrition significantly improves plant nutrient uptake, enhances the residual availability of essential soil nutrients, and fosters beneficial soil microflora in rainfed medium-black soils.
Keywords: Sesame; Sulphur; Zinc; Nutrient uptake; Soil fertility; Soil microflora.	Comment by suraj mishra: Keywords write in alphabetical form


1. INTRODUCTION
Sesame (Sesamum indicum L.), a member of family Pedaliaceae, is one of the oldest and most valuable oilseed crops. It is grown predominantly under rainfed conditions on marginal, sub-marginal land of inherently low fertility, which—together with imbalanced nutrition—keeps crop productivity well below potential. Among plant nutrients, sulphur and zinc are increasingly recognised as critical yet widely deficient elements in Indian soils. Globally, more than 30% of cultivated soils are zinc-deficient, and in India this deficiency is projected to affect nearly 63% of soils, while sulphur deficiency is similarly widespread under intensive rainfed cultivation without adequate replenishment.	Comment by suraj mishra: Need to be current status of the crop i.e. Area, Production and Productivity	Comment by suraj mishra: Add references
Sulphur governs vital physiological processes and enzymatic activity, while also influencing the soil chemical environment. Its application in alkaline soils often results in localized rhizosphere acidification, which can solubilize fixed phosphorus and improve micronutrient availability (Singh et al., 2013a). Furthermore, sulphur acts as a critical substrate for soil microflora, enhancing microbial biomass and enzymatic activity (Ram et al., 2017). Zinc, an essential cofactor for numerous microbial and plant enzymes, is closely linked to nutrient-accumulation metabolism and overall soil biological health (Kumar et al., 2023).
Despite their well-established roles, site-specific information on the optimum dose of sulphur and zinc and their subsequent impact on soil health under the rainfed medium-black-soil conditions of South Gujarat remains limited. A clear understanding of the individual effects of sulphur and zinc on nutrient uptake and residual soil fertility is essential for sustainable nutrient-management. Keeping this in view, the present investigation was undertaken to assess the effect of sulphur and zinc on nutrient content and uptake in sesame, and to evaluate the consequent changes in soil bio-physico-chemical properties.	Comment by suraj mishra: Write the objective of this research	Comment by suraj mishra: Why need this research explain.	Comment by suraj mishra: 
2. MATERIALS AND METHODS
2.1 Experimental Site and Weather
A field experiment was conducted during the late kharif season of 2025 at the College Farm, College of Agriculture, Navsari Agricultural University (NAU), Bharuch, Gujarat, India (22° N, 72.5° E; 16.5 m above mean sea level), which falls under the South Gujarat medium-rainfall agro-climatic Zone II with a tropical monsoon climate.	Comment by suraj mishra: Kindly mention the exact location with complete cooridinates
2.2 Soil of the Experimental Site
The soil was a clayey Vertisol, locally termed "Medium Black Soil," with fair drainage and good water-holding capacity. The initial 0–15 cm soil was slightly alkaline, non-saline, low in organic carbon and available nitrogen, medium in available phosphorus, sulphur and zinc, high in available potassium, and low in available iron (Table 1).
Table 1. Initial physico-chemical properties of the experimental soil (0–15 cm)

	Particulars
	Value
	Method

	Textural class
	Clay
	International pipette method (Piper, 1966)

	Bulk density (g cm⁻³)
	1.46
	Core method (Blake and Hartge, 1986)

	Particle density (g cm⁻³)
	2.62
	Pycnometer method (Blake and Hartge, 1986)

	Porosity (%)
	42.70
	Calculated

	pH (1:2.5)
	7.61
	Potentiometric (Jackson, 1979)

	EC (1:2.5) (dS m-1)
	0.68
	Conductometric (Jackson, 1979)	Comment by suraj mishra: Check and correct year

	Organic carbon (g kg-1)
	5.6
	Walkley and Black method (Jackson, 1979)	Comment by suraj mishra: Method is Rapid titration method given by Walkley and Black, 1934

	Inorganic carbon (g kg-1)
	5.88
	Rapid titration (Piper, 1966)

	Available N (kg ha-1)
	222.41
	Alkaline KMnO₄ method (Subbiah and Asija, 1956)

	Available P₂O₅ (kg ha-1)
	35.40
	Olsen et al., (1954)

	Available K₂O (kg ha-1)
	333.91
	Flame photometric (Jackson, 1979)	Comment by suraj mishra: Check the reference

	Available S (mg kg-1)
	9.10
	0.15% CaCl₂ extraction (Chopra and Kanwar, 1976)	Comment by suraj mishra: Check the reference 

	Available Zn (mg kg-1)
	0.95
	DTPA extraction–AAS (Lindsay and Norvell, 1978)

	Available Fe (mg kg-1)
	0.94
	DTPA extraction–AAS (Lindsay and Norvell, 1978)


2.3 Treatments and Experimental Design
The experiment was laid out in a Factorial Randomized Block Design (FRBD) with four replications, comprising nine treatment combinations of three levels each of sulphur and zinc over a common recommended dose of fertilizer (RDF) of 30:25:00 kg N:P₂O₅:K₂O ha-1 (urea and single super phosphate). Sulphur (as bentonite sulphur): S₁ – 0, S₂ – 20, S₃ – 40 kg S ha-1. Zinc (as zinc-EDTA): Zn₁ – 0, Zn₂ – 2.5, Zn₃ – 5.0 kg Zn ha-1.
Table 2. Details of the field experiment
	1.
	Location
	College Farm, College of Agriculture, NAU, Campus Bharuch

	2.
	Season And Year
	Late kharif-2025

	3.
	Details of experiment:

	a.
	Experimental Design
	FRBD (Factorial Randomized Block Design)

	b.
	Replications
	4 (Four)

	c.
	Treatments
	9 (Nine)

	d.
	Crop and Variety
	Sesame var. Gujarat Til-4

	e.
	Total number of plots
	36

	f.
	Plot Size
	Gross: 3.6m x 3.0m
Net:     2.7m x 2.0 m

	g.
	Total Experimental Area
	858 m2

	h.
	Seed rate
	5 kg ha-1

	i.
	Spacing
	45 cm x 10 cm

	j.
	Fertilizers
	30:25:00 NPK kg/ha

	k.
	Sulphur levels (bentonite S)
	S₁: 0, S₂: 20, S₃: 40 kg S ha-1

	l.
	Zinc levels (zinc-EDTA)
	Zn₁: 0, Zn₂: 2.5, Zn₃: 5.0 kg Zn ha-1

	m.
	Date of sowing
	4 August 2025

	n.
	Date of harvest
	4 November 2025


2.4 Crop Husbandry and Observations
Seed was sown on 4 August 2025. Nitrogen and phosphorus (basal) and the treatment doses of sulphur and zinc were incorporated at sowing. The crop was harvested at physiological maturity on 4 November 2025. Seed and stover yield were recorded plot-wise from the net harvested area and expressed as kg ha⁻¹. Plant sulphur and zinc content were determined from a di-acid (HNO₃:HClO₄, 5:2) digest of seed and stover by the turbidimetric method (Chesnin and Yien, 1950) and atomic absorption spectrophotometry (Lindsay and Norvell, 1978), respectively; their uptake was computed as content × seed/stover yield.
Soil samples (0–15 cm) collected before sowing and after harvest were analysed for pH and EC, organic carbon (Walkley and Black method), inorganic carbon (rapid titration; Piper, 1966), available N (Subbiah and Asija, 1956), available P₂O₅ (Olsen et al., 1954), available K₂O (flame photometry), available S (Chopra and Kanwar, 1976) and available Zn and Fe (DTPA–AAS; Lindsay and Norvell, 1978), following Jackson (1979) unless stated otherwise. Bulk and particle density were determined by the core and pycnometer methods (Blake and Hartge, 1986), and porosity calculated therefrom.	Comment by suraj mishra: Check the method and reference
Soil bacterial, fungal and actinomycete populations in the post-harvest samples were enumerated by the standard serial dilution-agar plate method. One gram of soil was serially diluted in sterile distilled water up to 10⁻⁶, and appropriate dilutions were plated on Agar media. Plates were incubated at room temperature for 5 days and colonies were counted and expressed as colony-forming units (cfu) g⁻¹ of dry soil.


2.5 Statistical Analysis
The data were subjected to analysis of variance (ANOVA) for a Factorial Randomized Block Design (FRBD) with four replications, and treatment means were compared by critical difference (CD) at 5% probability.
3. RESULTS AND DISCUSSION
3.1 Seed and Stover Yield
Sesame seed and stover yield responded significantly and independently to both nutrients (Table 3). Seed yield increased from 688.13 kg ha-1 (S₁) to 828.53 kg ha-1 (S₃) with sulphur, and from 725.38 kg ha-1 (Zn₁) to 798.79 kg ha-1 (Zn₃) with zinc, consistent with sulphur's role in chlorophyll and methionine/cysteine synthesis and in floral-primordia formation, and zinc's role in IAA biosynthesis, electron transport and photosynthate partitioning toward developing capsules (Thentu et al., 2014; Murmu et al., 2015; Khan et al., 2021; Jahan et al., 2019; Yadav et al., 2020). Stover yield followed the same trend, rising from 1444.20 to 1744.36 kg ha⁻¹ with sulphur and from 1552.99 to 1659.58 kg ha⁻¹ with zinc, reflecting greater root proliferation, cell elongation and photosynthetic leaf area under improved nutrition (Mamatha et al., 2017; Paul et al., 2019; Jahan et al., 2019; Pravalika and Dawson, 2023). The S × Zn interaction was non-significant for both seed and stover yield, indicating the two nutrients acted independently on biomass production.
Table 3. Seed and Stover Yield of Sesame as Influenced by Sulphur and Zinc Levels
	Treatments
	Seed Yield (kg ha-1)
	Stover Yield (kg ha-1)

	(A) Sulphur levels
	
	

	S₁ (0 kg ha-1)
	688.13
	1444.20

	S₂ (20 kg ha-1)
	755.90
	1598.80

	S₃ (40 kg ha-1)
	828.53
	1744.36

	S.Em. ±
	16.39
	17.44

	CD at 5%
	47.83
	50.90

	(B) Zinc levels
	
	

	Zn₁ (0 kg ha-1)
	725.38
	1552.99

	Zn₂ (2.5 kg ha-1)
	748.39
	1574.78

	Zn₃ (5.0 kg ha-1)
	798.79
	1659.58

	S.Em. ±
	16.39
	17.44

	CD at 5%
	47.83
	50.90

	Interaction (S × Zn)
	NS
	NS

	S.Em. ±
	28.38
	30.21

	CV (%)
	7.49
	3.79


3.2 Nutrient Content and Uptake
3.2.1 Sulphur and Zinc Content in Seed and Stover
Seed and stover sulphur concentration rose consistently with sulphur dose (0.25 to 0.41% in seed and 0.16 to0.30% in stover), reflecting greater sulphate availability and translocation (Zinzala et al., 2008; Choudhary et al., 2016; Vaishnav et al., 2024), and increased significantly with zinc too (0.30 to 0.36% in seed and 0.21 to 0.25% in stover, Zn), suggesting a synergistic role of zinc in nutrient-accumulation metabolism (Jat and Mehra, 2007; Upadhyay, 2012) (Table 4). Seed and stover zinc concentration likewise rose significantly with sulphur (38.33 to 50.00 mg kg-1 in seed and 21.65 to 31.07 mg kg-1 in stover) sulphur nutrition evidently improves root proliferation and the plant's capacity to acquire zinc (Singh et al., 2013a; Zinzala et al., 2008; Upadhyay, 2012) and with zinc dose itself (40.00 to 48.33 mg kg-1 in seed and 22.66 to 29.64 mg kg-1 in stover), a direct consequence of the larger zinc pool created by EDTA-Zn application. Interaction effects were non-significant throughout.

Table 4. Sulphur and Zinc Content in Seed and Stover as Influenced by Sulphur and Zinc Levels
	Treatments
	Sulphur (%)
	Zinc (mg kg-1)

	
	Seed
	Stover
	Seed
	Stover

	(A) Sulphur levels

	S1 (00 kg ha-1)
	0.25
	0.16
	38.33
	21.65

	S2 (20 kg ha-1)
	0.33
	0.23
	44.00
	26.32

	S3 (40 kg ha-1)
	0.41
	0.30
	50.00
	31.07

	S.Em. ±
	0.01
	0.01
	1.17
	0.60

	CD at 5%
	0.02
	0.02
	3.41
	1.74

	(B) Zinc levels

	Zn1 (00 kg ha-1)
	0.30
	0.21
	40.00
	22.66

	Zn2 (2.5 kg ha-1)
	0.33
	0.23
	44.00
	26.73

	Zn3 (5.0 kg ha-1)
	0.36
	0.25
	48.33
	29.64

	S.Em. ±
	0.01
	0.01
	1.17
	0.60

	CD at 5%
	0.02
	0.02
	3.41
	1.74

	
	
	
	
	

	Interaction (S × Zn)
	NS
	NS
	NS
	NS

	S.Em. ±
	0.01
	0.01
	2.02
	1.03

	CV (%)
	8.28
	8.74
	9.16
	7.83




Figure 1. Sulphur and Zinc Content in Seed and Stover as Influenced by Sulphur and Zinc Levels
3.2.2 Sulphur and Zinc Uptake
Total sulphur uptake more than doubled with sulphur application, from 4.04 kg ha-1 (S₁) to 8.66 kg ha-1 (S₃), and rose from 5.46 to 7.20 kg ha-1 with zinc (Zn₁ to Zn₃) (Table 5), the increase being driven jointly by higher tissue concentration and higher biomass (Zinzala et al., 2008; Rana et al., 2018; Jat and Mehra, 2007; Choudhary et al., 2016; Vaishnav et al., 2024). Total zinc uptake showed a parallel response, rising from 57.88 to 95.47 g ha-1 with sulphur and from 64.75 to 88.60 g ha-1 with zinc (Upadhyay, 2012; Singh et al., 2013b; Wang et al., 2014; Rana et al., 2018), confirming that improved sulphur nutrition enhances not only its own uptake but also that of zinc, most likely through better root development and physiological efficiency. All S × Zn interactions for nutrient uptake were non-significant.
Table 5. Sulphur and Zinc Uptake by Seed, Stover and Total Plant
	Treatments
	S Uptake (kg ha-1)
	Zn Uptake (g ha-1)

	
	Seed
	Stover
	Total
	Seed
	Stover
	Total

	(A) Sulphur levels

	S1 (00 kg ha-1)
	1.73
	2.31
	4.04
	26.48
	31.40
	57.88

	S2 (20 kg ha-1)
	2.50
	3.69
	6.19
	33.39
	42.21
	75.60

	S3 (40 kg ha-1)
	3.41
	5.25
	8.66
	41.54
	53.93
	95.47

	S.Em. ±
	0.09
	0.11
	0.15
	1.15
	1.10
	1.77

	CD at 5%
	0.26
	0.33
	0.44
	3.35
	3.20
	5.17

	(B) Zinc levels

	Zn1 (00 kg ha-1)
	2.20
	3.26
	5.46
	29.17
	35.58
	64.75

	Zn2 (2.5 kg ha-1)
	2.53
	3.70
	6.23
	33.34
	42.26
	75.60

	Zn3 (5.0 kg ha-1)
	2.91
	4.29
	7.20
	38.90
	49.70
	88.60

	S.Em. ±
	0.09
	0.11
	0.15
	1.15
	1.10
	1.77

	CD at 5%
	0.26
	0.33
	0.44
	3.35
	3.20
	5.17

	Interaction (S × Zn)
	NS
	NS
	NS
	NS
	NS
	NS

	S.Em. ±
	0.15
	0.19
	0.26
	1.99
	1.90
	3.07

	CV (%)
	11.97
	10.35
	8.22
	11.76
	8.95
	8.03


3.3 Soil Properties
3.3.1 Available Macro- and Micronutrients
Post-harvest analysis showed a clear, dose-dependent build-up of available nutrients over the initial status (Table 6). Available nitrogen rose significantly with sulphur (227.04 to 266.66 kg ha-1, S₁ to S₃; initial 222.41 kg ha-1), most likely because higher sulphur favours proliferation of the soil microflora that mineralise organic nitrogen (Singh et al., 2013b; Deekshitha et al., 2017; Sahu et al., 2017). Available phosphorus and potassium likewise rose significantly with sulphur (P₂O₅: 33.14 to 53.07 kg ha-1; K₂O: 339.37 to 389.21 kg ha-1)—attributable to mild rhizosphere acidification from sulphur oxidation that solubilises fixed phosphorus (Singh et al., 2013a; Singh and Singh, 2017; Deekshitha et al., 2017; Singh et al., 2022)—and phosphorus also rose significantly with zinc (38.20 to 46.10 kg ha-1; Lilhare, 2019; Singh et al., 2022). Available soil sulphur rose sharply with sulphur dose (10.25 to 18.04 mg kg-1; initial 9.10 mg kg-1) as unutilised bentonite-sulphate accumulated in the profile, and significantly, though more modestly, with zinc (12.90 to 15.33 mg kg-1) (Deekshitha et al., 2017; Lilhare, 2019; Singh et al., 2013b; Singh et al., 2022). Available iron and zinc both rose significantly with sulphur (up to 2.00 and 1.65 mg kg-1 at S₃) and with zinc dose itself (up to 2.00 and 1.85 mg kg-1 at Zn₃), the latter a direct residual effect of the applied zinc-EDTA (Singh et al., 2013b; Singh et al., 2012; Lilhare, 2019). None of the six nutrients showed a significant S × Zn interaction.
Table 6. Available Nutrient Status (N, P₂O₅, K₂O, S, Fe and Zn) of Soil after Harvest
	Treatments
	Available N
(kg ha-1)
	Available P2O5 
(kg ha-1)
	Available K2O 
(kg ha-1)
	Available S 
(mg kg-1)
	Available Fe 
(mg kg-1)
	Available Zn 
(mg kg-1)

	(A)Sulphur levels

	S1 (00 kg ha-1)
	227.04
	33.14
	339.37
	10.25
	1.20
	1.35

	S2 (20 kg ha-1)
	247.75
	40.63
	364.39
	14.97
	1.90
	1.50

	S3 (40 kg ha-1)
	266.66
	53.07
	389.21
	18.04
	2.00
	1.65

	S.Em. ±
	3.88
	0.91
	8.04
	0.29
	0.03
	0.03

	CD at 5%
	11.32
	2.64
	40.66
	0.84
	0.10
	0.09

	(B) Zinc levels

	Zn1 (00 kg ha-1)
	242.40
	38.20
	358.72
	12.90
	1.50
	1.15

	Zn2 (2.5 kg ha-1)
	247.03
	42.55
	364.58
	15.04
	1.60
	1.50

	Zn3 (5.0 kg ha-1)
	252.01
	46.10
	369.72
	15.33
	2.00
	1.85

	S.Em. ±
	3.88
	0.91
	8.04
	0.29
	0.03
	0.03

	CD at 5%
	NS
	2.64
	NS
	0.84
	0.10
	0.09

	Interaction (S × Zn)
	NS
	NS
	NS
	NS
	NS
	NS

	S.Em. ±
	6.72
	1.57
	13.93
	0.50
	0.06
	0.06

	CV (%)
	5.43
	7.42
	7.65
	6.95
	6.92
	7.41

	Initial
	222.41
	35.40
	333.91
	9.10
	0.94
	0.95


3.3.2 Soil Organic Carbon, Inorganic Carbon, pH and Electrical Conductivity
Organic carbon increased significantly with sulphur, from 5.8 g kg-1 (S₁) to 7.2 g kg-1 (S₃) against an initial 5.6 g kg-1, reflecting greater root biomass and residue return under improved sulphur nutrition (Yadav et al., 2010; Alam et al., 2014; Deekshitha et al., 2017; Sahu et al., 2017), while zinc's effect was non-significant (Table 7). Inorganic carbon, governed largely by the calcareous parent material of these Vertisols, was unaffected by either nutrient. Soil pH showed only a marginal, non-significant decline with sulphur (7.61 to 7.58), consistent with partial neutralisation of alkalinity through microbial oxidation of sulphur (Yadav et al., 2010; Sahu et al., 2017; Singh and Singh, 2017), and was unaffected by zinc. EC, by contrast, increased significantly with both sulphur (0.73 to 0.79 dS m-1) and zinc (0.71 to 0.80 dS m-1) owing to the added soluble sulphate and zinc-EDTA salts (Alam et al., 2014; Sahu et al., 2017), though values stayed well within the non-saline range.	Comment by suraj mishra: Add references
Table 7. Soil Organic Carbon, Inorganic Carbon, pH and EC after Harvest
	Treatments
	Organic Carbon (g kg-1)
	Inorganic Carbon (g kg-1)
	pH
(1:2.5)
	EC (dS m-1)
(1:2.5)

	(A) Sulphur levels

	S1 (00 kg ha-1)
	5.8
	6.17
	7.61
	0.73

	S2 (20 kg ha-1)
	6.5
	6.33
	7.60
	0.76

	S3 (40 kg ha-1)
	7.2
	6.31
	7.58
	0.79

	S.Em. ±
	0.007
	0.22
	0.02
	0.00

	CD at 5%
	0.021
	NS
	NS
	0.01

	(B) Zinc levels

	Zn1 (00 kg ha-1)
	5.7
	6.15
	7.59
	0.71

	Zn2 (2.5 kg ha-1)
	5.6
	6.32
	7.58
	0.76

	Zn3 (5.0 kg ha-1)
	5.9
	6.33
	7.61
	0.80

	S.Em. ±
	0.007
	0.22
	0.02
	0.00

	CD at 5%
	NS
	NS
	NS
	0.01

	
	
	
	
	

	Interaction (S × Zn)
	NS
	NS
	NS
	NS

	S.Em. ±
	0.012
	0.38
	0.04
	0.01

	CV (%)
	3.85
	11.98
	1.01
	1.89

	Initial
	5.6
	5.88
	7.61
	0.68



3.3.3 Soil Physical Properties
Particle density, bulk density and porosity were statistically unaffected by sulphur, zinc or their interaction (Table 8); the small numerical fluctuations confirm that soil physical architecture, governed by mineral composition and long-term structural development, does not respond appreciably within a single cropping season.
Table 8. Soil Physical Properties after Harvest as Influenced by Sulphur and Zinc Levels
	Treatments
	Particle density 
(g/cm³)
	Bulk density 
(g/cm³)
	Porosity 
(%)

	(A) Sulphur levels

	S1 (00 kg ha-1)
	2.63
	1.47
	44.20

	S2 (20 kg ha-1)
	2.49
	1.44
	41.76

	S3 (40 kg ha-1)
	2.56
	1.48
	41.88

	S.Em. ±
	0.04
	0.02
	1.52

	CD at 5%
	NS
	NS
	NS

	(B) Zinc levels

	Zn1 (00 kg ha-1)
	2.54
	1.49
	41.26

	Zn2 (2.5 kg ha-1)
	2.59
	1.45
	43.93

	Zn3 (5.0 kg ha-1)
	2.56
	1.46
	42.65

	S.Em. ±
	0.04
	0.02
	1.52

	CD at 5%
	NS
	NS
	NS

	Interaction (S × Zn)
	NS
	NS
	NS

	S.Em. ±
	0.08
	0.04
	2.63

	CV (%)
	5.91
	5.90
	12.34

	Initial
	2.62
	1.46
	42.70


3.3.4 Soil Microbial Population
Both nutrients significantly enhanced the post-harvest soil microbial population (Table 9). Bacterial counts rose from 6.17 × 10⁶ to 10.37 × 10⁶ cfu g-1 with sulphur and from 7.47 × 10⁶ to 8.90 × 10⁶ cfu g-1 with zinc; actinomycetes rose from 5.27 × 10⁴ to 8.90 × 10⁴ cfu g-1 with sulphur and 6.47 × 10⁴ to 7.60 × 10⁴ cfu g-1 with zinc; fungal counts rose from 5.47 × 10³ to 8.60 × 10³ cfu g-1 with sulphur and 6.50 × 10³ to 7.43 × 10³ cfu g-1 with zinc. The organic-carbon build-up under higher sulphur evidently provided additional substrate for heterotrophic microflora, while sulphur-oxidising bacteria are themselves favoured by greater substrate sulphur; zinc, being an essential microbial-enzyme cofactor, further supported this proliferation (Ram et al., 2017; Kumar et al., 2023). The S × Zn interaction was non-significant for all three groups.
Table 9. Soil Microbial Population after Harvest as Influenced by Sulphur and Zinc Levels
	Treatments
	Bacteria 
(×10⁶ cfu g-1)
	Actinomycetes
(×10⁴ cfu g-1)
	Fungi 
(×10³ cfu g-1)

	(A) Sulphur levels

	S1 (00 kg ha-1)
	6.17
	5.27
	5.47

	S2 (20 kg ha-1)
	8.07
	6.97
	6.87

	S3 (40 kg ha-1)
	10.37
	8.90
	8.60

	S.Em. ±
	0.12
	0.10
	0.10

	CD at 5%
	0.35
	0.28
	0.28

	(B) Zinc levels

	Zn1 (00 kg ha-1)
	7.47
	6.47
	6.50

	Zn2 (2.5 kg ha-1)
	8.23
	7.07
	7.00

	Zn3 (5.0 kg ha-1)
	8.90
	7.60
	7.43

	S.Em. ±
	0.12
	0.10
	0.10

	CD at 5%
	0.35
	0.28
	0.28

	Interaction (S × Zn)
	NS
	NS
	NS

	S.Em. ±
	0.21
	0.17
	0.17

	CV (%)
	5.09
	4.72
	4.79



Figure 2: Soil Microbial Population after Harvest as Influenced by Sulphur and Zinc Levels
4. CONCLUSION
Under the rainfed, medium-black-soil conditions of South Gujarat, graded application of sulphur and zinc consistently and independently improved nutrient uptake and post-harvest fertility of sesame soils, the S × Zn interaction being non-significant for every parameter studied. Application of 40 kg S ha-1 with 5.0 kg Zn ha-1 gave the highest seed/stover sulphur and zinc concentration and uptake, and the greatest post-harvest build-up of available N, P₂O₅, K₂O, S, Zn, Fe, organic carbon and beneficial soil microflora, without adversely affecting soil pH or physical properties. Sulphur and zinc may therefore be recommended as a basal dose for rainfed crop rotations to maintain sustainable soil fertility under similar agro-climatic conditions.	Comment by suraj mishra: What you would like to Recommend for Farmer Practices?
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S Content (%)	Seed	S1	S2	S3	Zn1	Zn2	Zn3	Sulphur Level	Zinc Level	0.25	0.33	0.41	0.3	0.33	0.36	S Content (%)	Stover	S1	S2	S3	Zn1	Zn2	Zn3	Sulphur Level	Zinc Level	0.16	0.23	0.3	0.21	0.23	0.25	
Sulphur content in seed and stover




Zn Content (mg/kg)	Seed	S1	S2	S3	Zn1	Zn2	Zn3	Sulphur Level	Zinc Level	38.33	44	50	40	44	48.33	Zn Content (mg/kg)	Stover	S1	S2	S3	Zn1	Zn2	Zn3	Sulphur Level	Zinc Level	21.65	26.32	31.07	22.66	26.73	29.64	
Zinc content in seed and stover




Bacteria (×10⁶ cfu/g)	S1	S2	S3	Zn1	Zn2	Zn3	Sulphur Level	Zinc Level	6.17	8.07	10.37	7.47	8.23	8.9	Actinomycetes (×10⁴ cfu/g)	S1	S2	S3	Zn1	Zn2	Zn3	Sulphur Level	Zinc Level	5.27	6.97	8.9	6.47	7.07	7.6	Fungi (×10³ cfu/g)	S1	S2	S3	Zn1	Zn2	Zn3	Sulphur Level	Zinc Level	5.47	6.87	8.6	6.5	7	7.43	
population of Bacteria, actinomycetes and fungi 







