Influence of Organic and Inorganic Mulches on Fruit Quality Attributes of Tomato (Solanum lycopersicum L.) cv. Azad T-6

ABSTRACT
	The present field experiment was conducted during the Rabi season of 2025–26 at the Horticulture Experiment Field, School of Advanced Agriculture Sciences and Technology (SAAST), Chhatrapati Shahu Ji Maharaj University, Kanpur (U.P.). Eight mulching treatments, namely T1: Control (No Mulch), T2: Dry Grass, T3: Paddy Straw, T4: Saw Dust, T5: Dry Leaves, T6: Transparent Plastic Mulch (50 micron), T7: Black Plastic Mulch (50 micron), and T8: Wheat Hay, were evaluated in a randomised block design with three replications. The assessed quality characters included total soluble solids (TSS), lycopene content, fruit juice pH, and titratable acidity, together with physical fruit characters, namely polar diameter, equatorial diameter, average fruit weight, number of locules per fruit, and pericarp thickness. Black Plastic Mulch (T7) recorded the highest TSS (5.12 °Brix), lycopene content (2.58 mg/100 g), and fruit juice pH (5.01), along with the lowest titratable acidity (0.48%), indicating better biochemical quality. T7 also recorded the maximum polar diameter (5.72 cm), equatorial diameter (5.20 cm), average fruit weight (58.57 g), number of locules (4.60), and pericarp thickness (7.73 mm) among all treatments. Organic mulches, particularly Paddy Straw (T3) and Dry Leaves (T5), performed better than the unmulched control for all quality parameters. All mulching treatments were significantly superior to the control (T1), which recorded the minimum values for all quality traits. Based on these findings, Black Plastic Mulch may be considered for improving tomato fruit quality under the Central Plain Zone of Uttar Pradesh.
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1. INTRODUCTION
	Tomato (Solanum lycopersicum L.) is the second most important vegetable crop in India and is valued for both fresh consumption and industrial processing. It belongs to the family Solanaceae (2n = 2x = 24) and is widely grown across all agro-climatic zones of the country. Globally, the crop is cultivated on approximately 5.03 million hectares, producing around 180.77 million tonnes, with an average productivity of 35.93 t/ha (Ministry of Agriculture and Farmers Welfare, Government of India, 2021). In Uttar Pradesh, tomato is grown on about 22.60 thousand hectares, producing 902.88 thousand metric tonnes, with an average productivity of 39.93 t/ha (Ministry of Agriculture and Farmers Welfare, Government of India, 2021).
	The nutritional and industrial value of tomato is largely determined by its fruit quality. Key quality attributes include total soluble solids (TSS), lycopene content, fruit pH, titratable acidity, pericarp thickness, and fruit dimensions. Lycopene, the red carotenoid pigment responsible for the characteristic colour of ripe tomato fruits, is a powerful antioxidant reported to reduce the risk of cardiovascular disease and certain cancers (Shi & Le Maguer, 2000; Willcox et al., 2004). TSS reflects the total sugar and soluble organic acid content of fruit juice, thereby determining its taste and suitability for processing. Fruit pH and titratable acidity together govern the flavour profile and shelf stability of tomato products. Physical characters such as fruit weight, pericarp thickness, and number of locules significantly influence marketability, consumer acceptance, and post-harvest handling.
	Mulching, the application of organic or inorganic material on the soil surface around the crop, is one of the most practical approaches to improving fruit quality in tomato. By regulating soil temperature, conserving soil moisture, and reducing weed competition, mulching creates an optimal root-zone environment that supports improved photosynthate partitioning towards developing fruits. This results in enhanced sugar accumulation, improved lycopene synthesis, greater fruit weight, and thicker pericarp tissue (Kasirajan & Ngouajio, 2012). Plastic mulches, particularly black and transparent polyethylene films, have been shown to be the most effective for quality improvement, while organic mulches such as paddy straw and dry leaves contribute to soil organic matter and microbial activity over time, thereby improving quality through enhanced nutrient availability (Lamont, 2005).
	However, despite extensive studies on mulching and tomato productivity in India, cultivar-specific information regarding the quality response of tomato cv. Azad T-6, a popular variety in the Central Plain Zone of Uttar Pradesh, to different mulching materials remains limited. Therefore, the present investigation was undertaken to assess the effect of eight mulching materials on the quality traits of tomato cv. Azad T-6 under the agro-climatic conditions of Kanpur, Uttar Pradesh.
2. MATERIALS AND METHODS
2.1 Experimental Site
	The experiment was conducted during the Rabi season of 2025–26 at the Horticulture Experiment Field, Department of Horticulture (Vegetable Science), School of Advanced Agriculture Sciences and Technology (SAAST), Chhatrapati Shahu Ji Maharaj University, Kanpur-208024 (U.P.). Kanpur is situated at 26.44° N latitude and 80.33° E longitude, approximately 126 m above sea level, in the North Indo-Gangetic Plain under India’s semi-arid agro-climatic zone (Zone IV). The crop was grown from October 2025 to March 2026 under cool, dry Rabi season conditions, with temperatures ranging from 5 to 35 °C and relative humidity ranging from 28 to 96%.
2.2 Soil
	The experimental soil was sandy loam in texture (52.2% sand, 25.3% silt, and 22.5% clay), with a water-holding capacity of 26.0% and a bulk density of 1.50 g/cm³. Soil pH was 6.15, organic carbon was 1.41 g/kg, and available N, P₂O₅, and K₂O were 180.4, 14.93, and 129.4 kg/ha, respectively. Lycopene content was estimated by the spectrophotometric method (Seth & Khandelwal, 2008), and statistical analysis was performed following the methods of Panse & Sukhatme (1978). The physical and chemical characteristics of the soil are presented in Tables 1 and 2.
Table 1. Physical properties of the experimental soil
	Particulars
	Value
	Method Used

	I. Mechanical composition
	
	Hydrometer method (Bouyoucos, 1962)

	1. Sand (%)
	52.2
	

	2. Silt (%)
	25.3
	

	3. Clay (%)
	22.5
	

	Texture
	Sandy loam
	

	II. Soil moisture constants
	
	

	Water holding capacity (%)
	26.0
	Keen-Raczkowski box method (Coutts, 1930)

	Bulk density (g/cm³)
	1.50
	Core Sampler (Black, 1965)

	Moisture content (%) at field capacity (0.033 MPa)
	2.25
	Pressure Membrane Plate Apparatus (Loveday, 1974)







Table 2. Chemical properties of the experimental soil
	S.No.
	Particulars
	Value
	Method Used

	1.
	Soil pH (1:2.5, soil:water ratio)
	6.15
	Glass electrode pH meter (Jackson, 1973)

	2.
	Organic Carbon (g/kg)
	1.41
	Walkley and Black (1934)

	3.
	Available N (kg/ha)
	180.4
	Kjeldahl Method (Jackson, 1973)

	4.
	Available P₂O₅ (kg/ha)
	14.93
	Bray's P-1 (Jackson, 1973)

	5.
	Available K₂O (kg/ha)
	129.4
	Ammonium acetate method (Hanway and Heidel, 1952)



2.3 Treatments and Experimental Design
	The experiment comprised eight mulching treatments arranged in a randomised block design (RBD) with three replications and 24 plots (plot size 3.0 × 1.2 m²). The treatments are listed in Table 3 below.
Table 3. Details of mulching treatments
	Treatment No.
	Treatment Description

	T1
	Control (No Mulch)

	T2
	Dry Grass Mulch

	T3
	Paddy Straw Mulch

	T4
	Saw Dust Mulch

	T5
	Dry Leaves Mulch

	T6
	Transparent Plastic Mulch (50 micron)

	T7
	Black Plastic Mulch (50 micron)

	T8
	Wheat Hay Mulch



3. RESULTS AND DISCUSSION
3.1 Biochemical Quality Traits
3.1.1 Total Soluble Solids (TSS)
	The data on TSS of tomato fruits under different mulching treatments are presented in Table 4. The analysis of variance revealed significant differences among treatments for this character. Black Plastic Mulch (T7) recorded the maximum TSS of 5.12 °Brix, followed by Transparent Plastic Mulch (T6) with 5.05 °Brix, while the Control (T1) recorded the minimum TSS of 4.52 °Brix. Among the organic mulches, Paddy Straw (T3) gave the highest TSS (4.85 °Brix), followed by Dry Leaves (T5) with 4.78 °Brix.
	The superior TSS under black plastic mulch can be attributed to the maintenance of optimum soil moisture and temperature throughout the fruit development period, which facilitated higher rates of photosynthesis and increased translocation of photosynthates to the developing fruits. Plastic mulch prevents weed competition and reduces evapotranspiration losses, thereby directing greater amounts of assimilates towards sugar accumulation in fruits. These findings are in agreement with Maurya et al. (2020), who observed TSS of 5.24 °Brix under black plastic mulch at CSA University, Kanpur, in the same agro-climatic zone; Maurya et al. (2020), who recorded the maximum TSS of 5.58 °Brix under black polythene mulch at Udaipur; and Singh et al. (2015), who reported improved quality attributes under mulching treatments.
3.1.2 Lycopene Content
	Lycopene content (mg/100 g) in tomato fruits was significantly influenced by the mulching treatments (Table 4). Black Plastic Mulch (T7) recorded the highest lycopene content of 2.58 mg/100 g, followed by T6 (Transparent Plastic Mulch) with 2.45 mg/100 g. The minimum lycopene content of 1.78 mg/100 g was observed in T1 (Control). Among the organic mulches, Paddy Straw (T3) performed best with 2.23 mg/100 g, followed by Dry Leaves (T5) at 2.15 mg/100 g. Lycopene was estimated spectrophotometrically following Seth & Khandelwal (2008).
	Lycopene biosynthesis in tomato is strongly influenced by environmental conditions, particularly temperature and light availability. The optimum soil temperature and moisture maintained under black plastic mulch facilitate uniform ripening and enhanced carotenoid biosynthesis. These results corroborate the findings of Maurya et al. (2020), who reported a maximum lycopene content of 3.84 mg/100 g under black plastic mulch. The relatively lower absolute values in the present study compared with some earlier reports may be due to differences in cultivar, season, and location.
3.1.3 Fruit Juice pH
	Fruit juice pH was significantly affected by mulching treatments (Table 4). T7 (Black Plastic Mulch) recorded the highest fruit juice pH of 5.01, followed by T6 (Transparent Plastic Mulch) with 4.88. The minimum pH of 4.58 was recorded under T1 (Control). Paddy Straw (T3) gave the highest pH (4.72) among the organic mulches. The higher fruit pH under plastic mulch treatments is primarily linked to the enhanced availability and uptake of mineral nutrients, particularly potassium, under mulched conditions. These findings are consistent with those of Maurya et al. (2020), who found minimum titratable acidity under black plastic mulch in the Central Plain Zone of U.P.
3.1.4 Titratable Acidity
	Titratable acidity of tomato fruits was significantly reduced under mulched treatments compared with the control (Table 4). Black Plastic Mulch (T7) recorded the minimum titratable acidity of 0.48%, followed by Transparent Plastic Mulch (T6) at 0.52%. The maximum titratable acidity of 0.62% was observed in the unmulched control (T1). Among the organic mulches, Paddy Straw (T3) gave the lowest acidity (0.55%), followed by Dry Leaves (T5) with 0.56%. These results indicate that mulching effectively reduces the organic acid content of tomato fruits, enhancing the sugar-acid ratio and thereby improving taste. These findings are consistent with Maurya et al. (2020), Maurya et al. (2020), and Maurya et al. (2020), all of whom reported lower titratable acidity under plastic mulch compared with organic mulches and the control.
Table 4. Effect of different mulch treatments on biochemical quality traits of tomato cv. Azad T-6
	Treatment
	TSS (°Brix)
	Lycopene Content (mg/100 g)
	Fruit Juice pH
	Titratable Acidity (%)

	T1: Control (No Mulch)
	4.52
	1.78
	4.58
	0.62

	T2: Dry Grass Mulch
	4.73
	2.10
	4.68
	0.58

	T3: Paddy Straw Mulch
	4.85
	2.23
	4.72
	0.55

	T4 Saw Dust Mulch
	4.68
	2.03
	4.63
	0.59

	T5: Dry Leaves Mulch
	4.78
	2.15
	4.70
	0.56

	T6: Transparent Plastic Mulch
	5.05
	2.45
	4.88
	0.52

	T7: Black Plastic Mulch
	5.12
	2.58
	5.01
	0.48

	T8: Wheat Hay Mulch
	4.70
	2.08
	4.65
	0.57

	SEm±
	0.07
	0.04
	0.04
	0.01

	CD (5%)
	0.22
	0.12
	0.11
	0.03


Values are means of three replications; SEm± = Standard Error of Mean; CD = Critical Difference at 5% level of significance

Fig 1 : Effect of different mulching treatments on fruit quality parameters


3.2 Physical Quality Characters
	The data on physical quality characters of tomato fruits are presented in Table 5. Black Plastic Mulch (T7) recorded the maximum polar diameter (5.72 cm), equatorial diameter (5.20 cm), average fruit weight (58.57 g), number of locules per fruit (4.60), and pericarp thickness (7.73 mm) among all treatments. Polar diameter was measured as the vertical distance from the stem end to the blossom end of the fruit, while equatorial diameter was measured at the widest point across the middle of the fruit using a vernier calliper. The Control (T1) recorded the minimum values for all physical characters. Transparent Plastic Mulch (T6) ranked second for most physical quality characters. Among the organic mulches, Paddy Straw (T3) ranked highest. All mulched treatments were significantly superior to the control for fruit physical characters.
	The larger fruit dimensions and heavier fruit weight under black plastic mulch are attributable to optimum soil moisture conservation, which reduces water stress during the critical cell division and cell enlargement phases of fruit development. The greater pericarp thickness under plastic mulch indicates improved structural development and firmer fruit tissue. These findings are in close agreement with Maurya et al. (2020), Maurya et al. (2020), and Maurya et al. (2020), who consistently reported maximum fruit weight and dimensions under black plastic mulch in tomato across various agro-climatic zones of India.
Table 5. Effect of different mulch treatments on physical quality characters of tomato cv. Azad T-6
	Treatment
	Polar Diameter (cm)
	Equatorial Diameter (cm)
	Average Fruit Weight (g)
	No. of Locules
	Pericarp Thickness (mm)

	T1: Control (No Mulch)
	4.62
	4.20
	43.80
	3.93
	6.40

	T2: Dry Grass Mulch
	5.25
	4.72
	49.53
	4.13
	7.05

	T3: Paddy Straw Mulch
	5.40
	4.85
	51.27
	4.27
	7.20

	T4: Saw Dust Mulch
	5.18
	4.65
	48.70
	4.07
	6.93

	T5: Dry Leaves Mulch
	5.30
	4.78
	50.83
	4.20
	7.13

	T6: Transparent Plastic Mulch
	5.58
	5.07
	54.33
	4.43
	7.48

	T7: Black Plastic Mulch
	5.72
	5.20
	58.57
	4.60
	7.73

	T8: Wheat Hay Mulch
	5.22
	4.70
	49.13
	4.10
	7.00

	SEm±
	0.08
	0.07
	0.65
	0.06
	0.09

	CD (5%)
	0.25
	0.22
	1.95
	0.18
	0.28


Values are means of three replications; SEm± = Standard Error of Mean; CD = Critical Difference at 5% level of significance


Fig  2: Effect of different mulching treatments on fruit physical characteristics
4. CONCLUSION
	The present investigation showed that mulching influenced the biochemical and physical quality attributes of tomato cv. Azad T-6 under the Central Plain Zone of Uttar Pradesh. Among the tested treatments, 50-micron black plastic mulch produced the most favourable results for all recorded quality parameters. It recorded the highest total soluble solids, lycopene content, fruit juice pH, polar diameter, equatorial diameter, average fruit weight, number of locules per fruit, and pericarp thickness, along with the lowest titratable acidity. Transparent plastic mulch also improved fruit quality and ranked second for most traits. Among the organic mulches, paddy straw mulch showed comparatively better performance and improved fruit quality over the unmulched control. The unmulched control recorded the lowest values for most quality attributes, indicating the beneficial effect of soil surface covering during crop growth. Based on the results of this single-season, single-location study, black plastic mulch may be considered effective for improving fruit quality of tomato cv. Azad T-6 under the experimental conditions. Paddy straw mulch may also be useful where organic or locally available mulching materials are preferred. Further validation under different seasons and locations would strengthen the recommendation.
5. LIMITATIONS
	The present study was conducted during a single Rabi season at one experimental location; therefore, the results should be interpreted in relation to the specific soil, climate, season, and crop management conditions of Kanpur, Uttar Pradesh. The experiment focused only on fruit quality attributes of tomato cv. Azad T-6 and did not include detailed economic analysis, soil biological changes, weed dynamics, long-term effects of organic mulch decomposition, or the environmental implications of plastic mulch after harvest. Further multi-season and multi-location trials would help strengthen broader recommendations.
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