Influence of Organic, Inorganic and Integrated Nutrient Management on Productivity, Nutrient Uptake and Soil Biological Properties of Sesame
Abstract
A field experiment was conducted to study the effect of different nutrient management practices on growth, yield, nutrient uptake, soil properties, microbial activity and grain quality of sesame (Sesamum indicum L.). The treatments included organic farming, inorganic farming, integrated nutrient management (INM), natural farming and control. Nutrient sources significantly influenced crop growth and productivity. Plant height was higher under organic farming at 30 DAS, whereas INM recorded significantly greater plant height at 60 DAS and at harvest. Yield attributes such as number of branches, capsules plant⁻¹, capsule length and seeds capsule⁻¹ were significantly superior under INM. The highest seed yield (588 kg ha⁻¹) and stover yield (2572 kg ha⁻¹) were obtained under INM, followed by organic and inorganic farming, while control recorded the lowest yield. Nutrient uptake of nitrogen, phosphorus and potassium was significantly higher under INM at later growth stages. Soil pH and EC were not influenced by treatments; however, soil organic carbon and available N and K were significantly improved under INM. Organic farming enhanced microbial populations and soil enzymatic activities. Grain quality analysis indicated higher crude protein under inorganic farming and higher crude fat under organic farming. Overall, integrated nutrient management proved most effective for improving sesame productivity while sustaining soil fertility.
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1. Introduction
Sesame (Sesamum indicum L.) ranks among the earliest domesticated oilseed crops and plays a vital role in Indian agriculture thanks to its substantial oil content (45–55%), nutritional benefits, and ability to thrive in marginal, rainfed environments. In Telangana, it is mainly cultivated during the kharif season under low-input systems, where declining soil fertility and water scarcity frequently constrain yields. Although resilient, sesame productivity in the area stays subdued, mainly because of deteriorating soil conditions from ongoing cropping, uneven fertilizer application, and dwindling organic inputs.
Soil health forms the cornerstone of enduring crop output, integrating physical, chemical, and biological attributes that govern nutrient supply, moisture holding capacity, and microbial functions (Doran and Zeiss, 2000). Traditional farming methods, marked by heavy dependence on chemical fertilizers and pesticides, have been shown to harm soil structure, microbial variety, and organic carbon levels, posing risks to future viability (Kopittke et al., 2019). In arid zones like Telangana, these issues worsen due to elevated temperatures, sparse organic matter, and unpredictable rains.
Organic farming offers a promising approach to rejuvenate soil health and promote ecological balance. It relies on farmyard manure, composts, green manures, crop leftovers, biofertilizers, and biopesticides, which together boost soil organic carbon, nutrient turnover, and biotic processes (Bhatia and Sindhu, 2024). Research indicates that sustained organic inputs strengthen soil aggregation, microbial biomass carbon, enzymatic functions, and the supply of major and minor nutrients, resulting in better overall soil quality metrics (Krishna et al., 2018).
For oilseeds like sesame, organic nutrient strategies have demonstrated strong benefits for soil fertility and plant performance. Using organic manures and biofertilizers enhances nutrient absorption, root development, and yield components in sesame, alongside increasing soil organic carbon and levels of available nitrogen, phosphorus, and potassium (Madankar et al., 2025; Sangma et al., 2022). Sesame's reaction to organic methods depends on local soil characteristics, weather, and farming rigor, underscoring the value of site-specific research.
Conventional inorganic farming, based on the sole application of chemical fertilizers, has played a major role in enhancing crop yields during the Green Revolution era. Natural farming, also referred to as zero-budget or biological farming, is an emerging approach that relies on on-farm inputs such as Jeevamrutha, Beejamrutha, botanical extracts, cow-based formulations, and mulching to stimulate native soil microorganisms and natural nutrient cycling processes. Integrated Nutrient Management (INM) involves the judicious combination of inorganic fertilizers, organic manures, and biofertilizers to achieve optimum crop productivity while maintaining soil health.
Considering the growing concerns about soil degradation, rising fertilizer costs, and sustainability of oilseed production systems, a comparative evaluation of organic farming, inorganic farming, natural farming, and integrated nutrient management in sesame becomes imperative. Such a study provides comprehensive insights into their relative effects on crop growth, yield, nutrient uptake, soil fertility, and system sustainability, thereby helping to identify an efficient and environmentally sound nutrient management strategy for sesame cultivation.
2. Materials and Methods
The present study was conducted at the Regional Agricultural Research Station, Jagtial (18°45' N, 78°45' E, 71 m above sea level), Telangana State, semi-arid eco-region of India during summer 2021. The experimental soil was classified as Typic Ustochrept. The site comes under ustic and isohyperthermic soil moisture and temperature regimes, respectively, and the length of growing period (LGP) is between 90–150 days in a year. Initially, soil had pH of 7.80, EC of 0.40 dS m⁻¹ and contained 56.4, 10.0 and 33.6% sand, silt, and clay, respectively, coming under sandy clay loam textural class. The initial surface soil (0–15 cm) of the experimental site had bulk density of 1.62 Mg m⁻³ and available N, P and K were 126, 26 and 296 kg ha⁻¹ respectively.
The following treatments were imposed: T₁: Organic farming (FYM applied on N equivalent basis); T₂: Inorganic farming (Recommended dose of fertilizers and other chemicals by PJTSAU for sesame crops); T₃: INM (5 t FYM/ha + rest of the N through inorganic fertilizers, rest similar to T₂); T₄: Control (neither organic manures nor inorganic fertilizers applied; plant protection operations similar to T₁); T₅: Natural farming (inputs and operations as per natural farming protocol including Jeevamrutha and Beejamrutha).
The collected soil samples were analysed for soil physico-chemical and chemical parameters by following standard methodology as mentioned in Table 1.
Table 1: Standard methods used for analyzing soil and plant samples
	S. No.
	Parameters
	Method

	1
	pH
	Glass electrode pH meter in 1:2.5 ratio of soil water suspension (Jackson, 1973)

	2
	EC
	1:2.5 soil water suspensions by using electrical conductivity meter (Jackson, 1973)

	3
	OC
	Wet digestion method by Walkley and Black, 1934

	4
	Available N
	Alkaline potassium permanganate method described by Subbiah and Asija (1956)

	5
	Available P
	Extracted by Olsen reagent and measured colorimetrically (Jackson, 1973)

	6
	Available K
	Neutral normal ammonium method, measured by using flame photometer (Jackson, 1973)

	7
	Plant N
	Plant sample digested with H₂SO₄ (Jackson, 1973)

	8
	Plant P
	Plant sample digested with di acid mixture and measured using spectrophotometer (Jackson, 1973)

	9
	Plant K
	Plant sample digested with di acid mixture and measured using flame photometer (Jackson, 1973)

	10
	Microbial count
	Ben-David and Davidson, 2014

	11
	Dehydrogenase activity
	Cassida et al., 1964

	12
	Phosphatase activity
	Zheng et al., 2021


3. Results
3.1 Plant Height
[bookmark: _GoBack]Plant height was significantly influenced by different nutrient management practices at all growth stages. At 30 DAS, organic farming recorded the highest plant height (27.1 cm), which was significantly superior to all other treatments. However, at 60 DAS and at harvest, INM treatment recorded significantly greater plant height compared to all other treatments (Table 2). At harvesting stage, mean plant height was 106.7, 98.4, 118.5, 70.4 and 84.0 cm in organic, inorganic, INM, control and natural farming treatments, respectively. The extent of decline in plant height was 9.6, 16.6, 40.3 and 28.8% in organic, inorganic, control and natural farming treatments, respectively, compared to INM.
Table 2: Effect of nutrient management on plant height and branches of sesame at 30 DAS, 60 DAS and harvest
	Treatments
	Plant height (cm)

	
	30 DAS
	60 DAS
	At harvest

	Organic farming
	27.1
	99.6
	106.7

	Inorganic farming
	18.1
	85.8
	98.4

	INM
	18.7
	106.2
	118.5

	Control
	16.3
	54.6
	70.4

	Natural Farming
	17.8
	80.5
	84.0

	SE(m)±
	0.63
	1.52
	1.68

	C.D (P=0.05)
	1.89
	4.56
	5.03


3.2 Yield Attributing Parameters
Number of branches plant⁻¹, number of capsules plant⁻¹, capsule length (cm) and number of seeds capsule⁻¹ were significantly influenced by different farming practices (Table 3). The number of branches plant⁻¹ was recorded significantly higher under INM treatment (4.8) which was comparable with organic (4.6). Significantly lower values were recorded under control and natural farming treatments. The number of capsules plant⁻¹ in sesame was significantly higher in INM. The decline in number of capsules plant⁻¹ was to the extent of 12.8, 15.6, 40.6 and 29.4% in organic, inorganic, control and natural farming, respectively, over INM treatment. Capsule length was significantly higher in INM (2.6 cm), comparable with inorganic (2.5 cm) and organic (2.5 cm) treatments. Number of seeds capsule⁻¹ was recorded significantly higher in INM (64.0), followed by organic (56.6), inorganic (55.4), natural farming (48.4) and control (41.0).
3.3 Yield
Different farming practices had a significant (p = 0.05) influence on seed and stover yield of sesame (Table 3). Significantly higher seed yield was recorded in INM treatment (588 kg ha⁻¹), followed by organic (539 kg ha⁻¹), inorganic (518 kg ha⁻¹), natural farming (404 kg ha⁻¹) and control (213 kg ha⁻¹) practices. The decline in seed yield was to an extent of 9.1, 13.5, 45.5 and 176.1% in organic, inorganic, natural farming and control, respectively, over INM treatment. Stover yield was significantly higher under INM treatment (2572 kg ha⁻¹), whereas it was lowest in control (1408 kg ha⁻¹).
Table 3: Effect of nutrient management on yield attributes and yield of sesame at harvest
	Treatments
	No. of branches plant⁻¹
	No. of capsules plant⁻¹
	Seeds capsule⁻¹
	Capsule length (cm)
	Stover yield (kg ha⁻¹)
	Seed yield (kg ha⁻¹)

	Organic farming
	4.6
	31.4
	56.6
	2.5
	2409
	539

	Inorganic farming
	4.4
	30.4
	55.4
	2.5
	2289
	518

	INM
	4.8
	36.0
	64.0
	2.6
	2572
	588

	Control
	2.8
	21.4
	41.0
	2.3
	1408
	213

	Natural Farming
	3.6
	25.4
	48.4
	2.3
	1896
	404

	SE(m)±
	0.31
	0.93
	1.09
	0.16
	7.17
	3.33

	C.D (P=0.05)
	0.94
	2.78
	3.26
	0.47
	21.49
	9.99


3.4 Nutrient Uptake
Nitrogen, phosphorus and potassium uptake at 30, 60 DAS and at harvest of sesame were recorded (Table 4). At 30 DAS, uptake of N, P and K ranged between 5.5–10.6, 1.0–2.3 and 5.9–12.9 kg ha⁻¹, respectively. Significantly higher N and K uptake was recorded under organic treatment. Uptake of P was significantly higher under organic and INM treatments. However, at 60 DAS and at harvest, N, P and K uptake were significantly higher under INM. At harvest, uptake of N ranged between 24.8–59.4 kg ha⁻¹; the decline in uptake was 8.2, 15.3, 58.2 and 30.0% in organic, inorganic, control and natural farming over INM, respectively. Uptake of P ranged from 5.1–12.4 kg ha⁻¹; the decline was 12.1, 15.3, 58.9 and 36.3% in organic, inorganic, control and natural farming over INM. Uptake of K ranged from 23.1–51.6 kg ha⁻¹; the decline was 8.9, 12.8, 55.2 and 33.1% in organic, inorganic, control and natural farming over INM, respectively.
Table 4: Major Nutrient uptake (kg ha⁻¹) of sesame as influenced by different treatments at 30 DAS, 60 DAS and at harvest
	Treatment
	30DAS
	60DAS
	Harvest

	
	N
	P
	K
	N
	P
	K
	N
	P
	K

	T1
	10.6
	2.3
	12.9
	19.1
	3.8
	21.9
	54.5
	10.9
	47.0

	T2
	8.3
	1.8
	9.5
	18.4
	3.7
	21.0
	50.3
	10.5
	45.0

	T3
	9.4
	2.1
	10.8
	22.5
	4.7
	25.2
	59.4
	12.4
	51.6

	T4
	5.5
	1.0
	5.9
	12.4
	2.1
	13.1
	24.8
	5.1
	23.1

	T5
	6.5
	1.4
	7.2
	15.7
	3.3
	18.3
	41.6
	7.9
	34.5

	SE(m) +
	0.7
	0.2
	0.8
	0.3
	0.1
	0.3
	0.68
	0.23
	0.79

	C.D (P=0.05)
	2.2
	0.5
	2.5
	1.0
	0.4
	0.8
	2.05
	0.69
	2.37


3.5 Soil Physico-chemical and Biological Properties
Soil pH and electrical conductivity were not significantly influenced by farming practices (Table 5). Soil organic carbon was recorded greater under INM (0.61%) and organic (0.60%) treatments, where large quantities of FYM were applied. Soil available N content in post-harvest soil was recorded significantly higher under INM (157 kg ha⁻¹). Available P was significantly higher under inorganic treatment (42 kg ha⁻¹), comparable with INM (40 kg ha⁻¹). Available K content was significantly higher under INM (367 kg ha⁻¹), comparable with inorganic treatment (352 kg ha⁻¹). Soil organic carbon increased over initial values in all treatments except control, with the highest magnitude of rise (15.1%) under INM. Available N declined under control and natural farming; available P declined under control; available K declined under control, natural farming and organic farming.
Table 5: Post-harvest soil nutrient status under different farming systems
	Treatment
	pH
	EC (dS m⁻¹)
	OC (%)
	N (kg ha⁻¹)
	P (kg ha⁻¹)
	K (kg ha⁻¹)

	T1
	7.52
	0.85
	0.60
	140
	34
	287

	T2
	7.21
	0.92
	0.55
	138
	42
	352

	T3
	7.55
	0.97
	0.61
	157
	40
	367

	T4
	7.41
	0.62
	0.49
	84
	22
	232

	T5
	7.68
	0.70
	0.58
	101
	28
	238

	SEm±
	0.06
	0.03
	0.01
	2.4
	1.17
	3.52

	CD (P=0.05)
	NS
	NS
	0.04
	7.2
	3.52
	10.55


Microbial populations of specific species including Pseudomonas, Azatobacter and bacterial count were higher under organic treatment followed by INM. Fungi and Actinomycetes count were higher under control treatment (Fig. 1). Soil enzymatic activities, including dehydrogenase (ranging 2.6–6.8 µg TPF g⁻¹ day⁻¹) and phosphatase activities, were greater under organic farming, followed by INM, while lower activities were recorded under control treatment (Fig. 2).
3.6 Grain Quality
Analysis of quality parameters of sesame grains revealed that seeds from the inorganic farming treatment contained higher crude protein content (23.14%), the organic treatment had higher crude fat (54.71%), control recorded higher carbohydrate content (19.69%), and the highest energy was found under natural farming treatment (670.42 Kcal/100g) (Table 6).
Table 6: Quality parameters of sesame produced under different production systems
	Treatment
	Ash (%)
	Moisture (%)
	Crude protein (%)
	Crude fat (%)
	Carbohydrate (%)
	Energy (Kcal/100g)

	Organic farming
	5.68
	3.16
	20.71
	54.71
	15.74
	638.19

	Inorganic farming
	6.06
	3.49
	23.14
	51.30
	16.01
	618.30

	INM
	6.40
	3.31
	21.33
	51.94
	17.02
	620.86

	Control
	6.34
	3.32
	21.26
	49.39
	19.69
	608.31

	Natural Farming
	6.09
	3.88
	22.29
	51.46
	16.28
	670.42


4. Discussion
4.1 Plant Height and Growth
The significantly higher plant height under organic farming at 30 DAS may be attributed to the initial flush of nutrients from FYM decomposition, which promoted early vegetative growth. The subsequent superiority of INM at 60 DAS and harvest can be explained by the synergistic effect of combining organic manures with inorganic fertilizers, which ensures a continuous and balanced nutrient supply throughout the crop growth period. The FYM component of INM improves soil physical conditions and nutrient-holding capacity, while the inorganic component provides readily available nutrients during peak demand stages (Sangma et al., 2022). These findings are consistent with Barik and Fulmali (2011), who reported that combined application of organic and inorganic nutrient sources significantly improved plant height in sesame by facilitating better root development and nutrient absorption. Patel (2020) similarly observed that INM-based treatments consistently outperformed sole organic or inorganic treatments in promoting sesame growth at advanced crop stages.
4.2 Yield Attributes and Yield
The significantly higher number of capsules plant⁻¹, seeds capsule⁻¹, capsule length and seed yield under INM over other treatments may be attributed to a more balanced and sustained supply of nutrients throughout the crop growth period. Integrated application of organic manures and inorganic fertilizers improves both macronutrient availability and soil physical properties, leading to better crop stand, enhanced photosynthetic activity, and improved source-sink relationships. These findings corroborate those of Parmar et al. (2022), who reported highest capsule number (51.20 plant⁻¹) and seed yield (830 kg ha⁻¹) under INM in sesame. Madankar et al. (2025) similarly found that combined application of organic manures and biofertilizers significantly enhanced yield components and seed yield of sesame compared to sole organic or conventional treatments. The lower performance of natural farming, despite its eco-friendly approach, may be attributed to slower nutrient release from on-farm inputs such as Jeevamrutha and Beejamrutha, which may not adequately meet the crop's nutrient demand during critical growth stages under semi-arid conditions.
4.3 Nutrient Uptake
The higher nutrient uptake under organic farming at 30 DAS is associated with the improved microbial activity and nutrient mineralization from FYM, which enhances early root activity and nutrient interception. The significantly higher N, P and K uptake under INM at 60 DAS and harvest is linked to both the higher biomass production and greater nutrient concentration in plant tissues under this treatment. The combination of readily available inorganic nutrients and slowly released organic nutrients from FYM ensures sustained nutrient availability across crop growth stages (Doran and Zeiss, 2000). Higher biomass production and nutrient concentration in INM resulted in significantly greater total nutrient uptake at harvest, consistent with findings of Jaishankar and Wahab (2005), who reported that INM significantly improved N, P and K uptake in sesame compared to sole organic or inorganic nutrient management.
4.4 Soil Chemical Properties
The non-significant effect of treatments on soil pH and EC in post-harvest soil suggests that the duration of one crop season was insufficient to cause measurable shifts in these relatively stable soil parameters. The significantly higher soil organic carbon under INM and organic treatments is a direct consequence of large FYM inputs, which contribute carbon-rich organic matter to the soil. Similar findings were reported by Krishna et al. (2018), who documented improved soil organic carbon and overall soil quality metrics under sustained organic inputs. The higher available N and K under INM compared to other treatments indicates that the combined action of organic inputs (improving nutrient retention and cycling) and inorganic fertilizers (direct nutrient addition) optimizes the soil's nutrient pool. The higher available P under inorganic treatment compared to INM may be due to direct application of phosphatic fertilizers in readily soluble form (Kopittke et al., 2019).
4.5 Soil Biological Properties
The higher microbial populations (Pseudomonas, Azatobacter, bacterial count) under organic farming compared to other treatments is consistent with the well-established positive effect of organic inputs on soil microbial communities. Organic farming provides diverse carbon and energy sources that support a larger and more active microbial community. Banerjee et al. (2016) conducted a meta-analysis demonstrating that organic farming systems had 32–84% greater microbial biomass carbon and dehydrogenase activity compared to conventional systems. The higher dehydrogenase and phosphatase activities under organic farming and INM (compared to control and natural farming) reflect increased overall biological activity, as these enzymes are directly linked to soil microbial oxidative metabolism and phosphorus mineralization, respectively. Ge et al. (2016) reported that organic manure treatments significantly increased dehydrogenase and phosphatase activities compared to chemical fertilizer treatments. The relatively higher fungal and actinomycetes counts under control treatment may be due to reduced competitive exclusion in the absence of fertilizer-enhanced bacterial dominance.
4.6 Grain Quality
The higher crude protein content under inorganic farming (23.14%) is attributable to enhanced nitrogen availability from chemical fertilizers, which directly drives protein synthesis in seeds. In contrast, organic farming produced seeds with the highest crude fat content (54.71%), which may be linked to improved carbohydrate metabolism and carbon partitioning to lipid biosynthesis under balanced, slow-release nutrient conditions. These quality differences reflect the well-known trade-off between protein and fat accumulation in oilseeds under differing nitrogen supply regimes. The higher carbohydrate content under control treatment is likely a reflection of reduced protein and fat synthesis due to severe nutrient deficiency, resulting in relatively greater non-structural carbohydrate accumulation (Bhatia and Sindhu, 2024).
5. Conclusions
Different farming practices significantly influenced crop growth, yield attributing parameters, seed yield, nutrient uptake and soil properties of sesame during summer season in sandy clay loam soil of Jagtial. Seed yield was lower by 9.1, 13.5, 45.5 and 176.1% in organic, inorganic, natural farming and control, respectively, as compared to INM. Soil available nutrients, microbial population and soil enzymatic activity were maintained in good status under INM treatment. Organic farming was superior in enhancing soil microbial populations and enzymatic activities, while inorganic farming favoured higher crude protein content in grain. Hence, it can be concluded that INM will help in obtaining higher yields while maintaining soil health in semi-arid sesame production systems.
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Fig 1. Microbial count (cfu/g) under different treatments in post harvest soil samples (@105 dilution for all microbes except Bacteria measured at dilution of 107)




Fig 2. Dehydrogenase enzyme activity (μg TPFg-1 soil day-1) under different treatments in post harvest soil samples
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