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Efficacy of different mulches on Strawberry (Fragaria x ananassa Dutch.) cv. Chandeller under organic production system in Sikkim, India
Abstract
Strawberry is being cultivated in low and mid hills of Sikkim in considerable area and mulching is one of the most beneficial intercultural practices in strawberry cultivation. It has strong influence on growth, yield, quality and duration of harvesting, which is primarily due to better soil and moisture conservation, changes in soil temperature, improvement in nutrient availability by suppressing weed population and growth, protection from frost injury and by way of reducing the number of unhealthy and diseased berries. Paddy straw and polythene are most common mulch material used for strawberry.
The study was conducted to assess the performance of three different mulching systems i.e. black polythene, paddy straw and Schima wallichii leaves along with no mulching on Strawberry cv. Chandler. The experiment was laid out in Randomised Block Design with 9 replications under the organic production system at ICAR Research Complex for NEH Region, Sikkim Centre. The results indicate that strawberry is very much sensitive crop to mulching. Maximum number of leaves (36.41), Plant height (18.22cm), Berry length (35.26mm), Berry breadth (30.28mm), Berry weight (11.73g), Fresh berry per plant (10.59) and Yield (92.42 q/ha.) was recorded in S. wallichii leaves mulching. Pulp (11.16%), TSS (6.49%), Acidity (0.99%) and Total sugar (6.41%) were significantly better in harvested fruits from S. wallichii leaves mulched plants followed by black polyethylene. Minimum Plant height (14.99cm), leaves (28.25), Berry length (30.93mm), Berry breadth (29.99mm), Berry weight (8.19g), Fresh berry per plant (4.78) and Yield (29.69 q/ha.) was recorded in control plots with no mulching. Minimum Pulp (10.81%), TSS (6.35%), Total sugar (6.25%) with maximum Acidity (1.01) was also reported in control plots. Minimum days to harvest was recorded in black polythene (30.15) followed by S. wallichii leaves and maximum in control (36.11). So, S. wallichii leaves mulch may be recommended under organic cultivation condition for strawberry.
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Introduction 

Strawberry (Fragaria ( ananassa Duch.) is one of the most delicious and refreshing soft fruits under the Potentilloideae (formerly classified in Rosideae) subfamily of the family Rosaceae (Potter et al., 2007; Hummer & Janick,2009). Strawberry can be cultivated in almost all regions. Strawberries are good sources of natural antioxidants including carotenoids, vitamins, phenols, flavonoids, dietary glutathionine  and endogenous metabolites ( Valavanidis et al., 2009),  Strawberry is gaining popularity among all age group of consumers due to their anti-carcenogenic and anti-diabetic properties (Ram and Patel, 2003), Low calorific value, absence of cholesterol and higher level of minerals and vitamin C (Kumar et al., 2011).
The name 'strawberry' has been derived from the fact that straw mulch is commonly used in its production. The importance of mulching has been proven beneficial in terms of growth and quality of strawberry fruits in various parts of India and around the world (Hassan et al., 2000). Mulching conserves soil moisture, maintains favorable soil temperatures, prevents weed growth, protects flowers from frost in mild climates, guards plants against freezing injury in cold climates, and reduces fruit decay (Bakshi et al., 2014). Various kind of organic and inorganic mulch materials are used in strawberry cultivation. Plastic mulch materials popularly used to cover the soil (Hancock, 1999) due to their excellent quality of moisture retention, weed reduction, fruit cleanliness and warming the soil (Kasperbauer, 2000, Rathore et al. 2023, Sharma et al. 2024). Most widely used black poly films mulching promote root growth, enhance water-nutrient use efficiency, and create favourable microclimate, thus influence the growth and yield of the crop (Arun, 2016, Nes et al. 2017).
Alternately, organic mulches used are of plant and animal origin. Paddy straw, hay, groundnut hulls, leaf mold, sawdust, wood chips, shavings and animal manures are most commonly used organic mulches. Use of Organic mulches also provide environmental benefits like increased nitrogen, nutrients recycling, reduction in soil erosion, enhancing organic matter content of soil, maintaining soil temperature during adverse weather conditions and slow fertilizer release (Singh et al., 2023). Mulching with green leaves of various plants are common practice in different crops among the farmers of Sikkim to improve germination, reduce soil erosion and weed infestation (Rahman et al.2009). Green leaves mulches from Schima wallichii and Alnus nepalensis add organic matter and conserves soil moisture during the later part of the cropping season (Kumar et al. 2012). Very limited documented information is available about the performance of different organic mulches under Sikkim conditions. Hence, this experiment was conducted to study the efficacy of Schima wallichii leaves and paddy straw as alternative of plastic mulch under organic production system in the mid hills of Sikkim Himalayas. 
Materials and Methods
The experiments were laid out in randomized block design with four treatments viz Schima wallichii leaves, Black Polythene, Paddy Straw, without Mulching (control) and nine replications at ICAR Research Complex for NEH Region, Sikkim Centre under the organic production system situated at about 27◦ North and 88◦ East at an altitude of 1400 meters above mean sea level. The mean rainfall ranges 2500 to 2700mm, the average diurnal temperature varies 09◦C to 24.6◦C, relative humidity lies between 52% to 98.2%, and sunshine duration vary from 2.2 to 6.1 h/day (Kumar et al., 2011). The well drained soil of site was with pH-5.29, organic carbon-1.34%, total nitrogen-220.2 kg/ha, available P2O5 -30.6 kg/ha and available K2O-198.6 kg/ha. Well dried leaves of S. wallichii (10 cm thick), dry Paddy straw (10 cm thick) and black polythene (100µm) were used as mulch materials. Observations for vegetative, reproductive, yield attribute and qualitative characteristics were recorded and average of two continuous seasons was statistically evaluated. Plant height, number of leaves was manually recorded at 30 days interval after planting till six months. Crown/ plant were recorded 180 DAT whereas stolon/plant, plantlets/stolon, length of stolon and runners per plant were noted at the termination of experiment. Data regarding berry weight, berry length and berry width were recorded using Vernier calipers. Total Soluble Solids, acidity and TSS/acid ratio were estimated using standard procedures. Total sugar determined by Shaffer–Somogyi micro method and ascorbic acid was estimated by Colomatric method (Ranganna, 1991). Thirty leaflets in each treatment of youngest fully expanded mature leaf at peak harvesting stage were used for determination of leaf nutrient status (Bhargava and Dhander, 1987). Leaves samples were processed as per Chapman (1964), and were analyzed for total N using a nitrogen autoanalyzer, Kjeltech Foss Tecator model 2300 (FOSS, Hillerød, Denmark). Dried leaves were used for estimation of total nitrogen by Micro kjeldalh method (Jackson, 1973). Leaf P and K content were obtained by phosphovanadomolybdate method using a colorimeter (Spectronic-20) and flame photometer, respectively. Moisture percentage in the soil by mass was measured at 3 and 5 days after irrigation by following formula: 
Soil moisture (%) by mass = (wet soil mass – dry soil mass / dry soil mass) x 100

The statistical analysis of variance method as suggested by Gomez and Gomez, (1984) was followed to statistically analyse the various data. The significance of the different sources of variation was tested with the help of ‘F’ test at 5% level of probability. In the summary table of results the value of least significant differences (LSD) are provided to compare the differences between means. The trend of yield and other attributes was similar during both season of experiment; therefore, pooled analysis of data was carried out.
RESULTS AND DISCUSSION

Plant growth parameters
The data indicated that mulching had significant influence on the plant growth parameters. As shown in Fig.1, Fig.2 and Table 1 that maximum plant height (18.22 cm), number of leaves (36.41), crown (7.01), stolon (4.36) and runners (13.47) per plant were recorded with S. wallichii leaves mulching along with maximum stolon length (80.82) and runners/ stolon (2.99), whereas, minimum value of these characters were recorded in the control plots without mulching. Earliest days to runners production (225.37) was recorded in Black polythene mulch and plants with no mulching took maximum (235.52) days. The enhanced plant growth parameters with S. wallichii leaves were might be due to the fact that nitrogen has a major role in the assimilation of numerous amino acids that are incorporated in proteins and nucleic acid which in turns increased the photosynthetic efficiency in leaf and production of more leaf. Higher supplementation of nitrogen by S. wallichii leaves may have attributed increased nitrogen availability for strawberry plants by reducing competition from weeds, improving water retention capacity, and enhancing aeration. These findings were in line with earlier findings of Kumar et al. (2012), Tariq et al. (2016), Wang et al. (2022) and Sharma et al (2024). 
Yield parameters

Different mulch materials had significant effect on yield attributing characters (Table 1). The number of flower trusses (6.62) and flowers (32.81) per plant were recorded S. wallichii leaves. Fruit set percentage (77.65) was also maximum in S. wallichii leaves mulching. Maximum berry weight (11.73 g), berry length (35.26 mm) and berry diameter (30.28 mm) was obtained in S. wallichii leaves which was at par with Black polythene mulch. The minimum days to 50 percent flowering (122.85 days after transplanting) and to harvest (30.15 days after flowering) were recorded in the Black polythene mulch plots. 
Maximum fresh fruit per plant (10.59) and yield (92.52 qtls) was reported from S. wallichii leaves mulched plants. Control plots without mulching exhibits significantly inferior results for yield parameters. The increase in yield parameters is may be because of better division of reproductive cell due to increased nutrient availability. These results were in line with Das et al. (2010), Tariq et al. (2016), Wang et al. (2022) and Sharma et al (2024). Earliness in black polythene mulch was may be due to elevated soil temperature and weed suppression. Similar observations were reported by DeVetter et al. (2022) and Wang et al. (2022).
Fruit quality parameters

Data pertaining to qualitative traits presented in Table 2 reveals that highest pulp percentage (11.157), lowest juice (72.887%), maximum TSS (6.41), minimum titratable acidity (0.987%), greater total sugar (6.412%), ascorbic acid (83.546 mg/100g) and best sugar: acid ratio (6.58) was obtained in S. wallichii leaves mulching, which was significantly better than other treatments. Control plots with no mulching produced poor quality fruits. Good quality fruit with organic mulch S. wallichii leaves were obtained may be due to lower temperature during fruit ripening stage creating micro-climate and causing photosynthates accumulation. Moor et al. (2004), Tariq et al. (2016) and Sharma et al (2024) also reported that better strawberry fruit quality produced from organic mulches when compared with plastic mulch.
Nutrient uptake
The data presented in Table 2 reveals significant effects of mulching on leaf nutrient uptake that, maximum value of nitrogen (2.974%), Phosphorus (0.563%) and Potassium (1.39%) was present in the leaves of S. wallichii leaves mulched plants. However the least leaf nutrient status was found in control plots. This finding can be ascribed primarily to advantageous soil microclimate causing hydrothermal regimes changes and root growth, which is in line with Kumar and Dey (2011), and Sharma et al (2024).
Soil moisture content
The data presented in Table 2 reveals that, maximum soil moisture three days after irrigation (29.924%) was recorded in Black polythene followed by S. wallichii leaves. The minimum soil moisture after three days of irrigation (19.558%) was observed in without mulching. The maximum soil moisture percentage after five days of irrigation (26.154%) was recorded in Black polythene followed by S. wallichii leaves. The minimum soil moisture at five days after irrigation (10.558%) was recorded in plots with no mulching (M0).
The possible reason for higher soil moisture in black polythene mulched farm yard manure treated plots may be due to the fact that, black polythene mulch was more effective in reducing evaporative losses by forming relatively more impermeable vapour barrier at the soil surface as compared to other mulches, which being porous allowed diffusion of water under vapour pressure gradient. Under black polythene mulch, soil water condensed and again dipped down on the soil surface. The result and reasons are in close agreement with the earlier findings of Sinkevičienė et al (2009), Kumar and Dey (2011) and Wang et al. (2022).

Conclusion 
Based on the findings of the present investigation it can be concluded that different mulching systems had significant influence on growth, yield and to lesser extent on the measured fruit quality parameters of strawberry, while soil moisture content was also boosted. Based on the results Schima wallichii leaves mulching could be recommended for strawberry cultivation over location under study and other adjoining locations as well. However, for selection of mulching material for other zones, the experiments need to be conducted under different agro-climatic zones. The conclusions drawn from the present investigation are based on two seasons in a particular location, which may have wide implications. The experiment needs to be repeated over years and locations under different agronomic practices before drawing any definite conclusion.
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Table 1: Effect of mulching on different growth and yield attributing characters of strawberry cv. Chandller  
	Treatments
	No. of crown
	No. of stolons per plant
	Runners/ plant
	Stolon length (cm)
	Runners/ stolon
	Days to Runners production
	Flower truss/ plant
	Days to 50% flowering
	No. of flowers per plant
	% fruit set
	Days to harvest from flowering
	Berry weight (g)
	Berry length (mm)
	Berry bredth (mm)
	Fresh fruit/ plant
	Yield / ha.

	Schima  wallichii leaves
	7.01
	4.36
	13.47
	80.82
	2.99
	232.78
	6.62
	124.55
	32.81
	77.65
	32.26
	11.73
	35.26
	30.28
	10.59
	92.51

	Black Polythene
	5.40
	4.15
	11.08
	77.11
	2.57
	225.37
	5.90
	122.85
	29.46
	76.40
	30.15
	11.66
	35.10
	30.20
	9.48
	82.36

	Paddy Straw
	5.06
	4.27
	12.75
	79.22
	2.88
	234.56
	5.12
	125.70
	25.53
	75.36
	34.07
	11.23
	33.03
	30.07
	8.93
	74.75

	Without Mulch
	4.63
	3.19
	9.38
	59.21
	2.78
	235.52
	4.39
	128.30
	21.90
	73.30
	36.11
	8.19
	30.93
	29.99
	4.78
	29.69

	CD (0.05)
	0.27
	0.07
	0.47
	1.21
	0.11
	0.67
	0.14
	0.46
	0.87
	0.41
	0.43
	0.12
	0.57
	0.05
	0.33
	2.93


Table 2: Effect of mulching on fruit quality, leaf nutrient uptake characters of strawberry cv. Chandller and soil moisture content
	Treatments
	Pulp %
	Juice %
	TSS 
	Acidity %
	Total Sugar
	Ascorbic acid
	Sugar Acid ratio
	Leaf N
	Leaf P
	Leaf K
	Soil moisture 3 DAI
	Soil moisture 5 DAI

	Schima  wallichii leaves
	11.157
	72.887
	6.493
	0.987
	6.412
	83.546
	6.58
	2.974
	0.563
	1.39
	26.924
	22.031

	Black Polythene
	10.979
	72.916
	6.462
	1
	6.374
	83.48
	6.46
	2.914
	0.544
	1.364
	29.522
	26.154

	Paddy Straw
	10.903
	72.899
	6.429
	1.004
	6.358
	83.407
	6.40
	2.86
	0.513
	1.33
	25.428
	20.639

	Without Mulch
	10.809
	72.959
	6.348
	1.006
	6.251
	83.269
	6.31
	2.753
	0.49
	1.271
	19.558
	10.558

	CD (0.05)
	0.043
	0.014
	0.034
	0.01
	0.038
	0.056
	-
	0.008
	0.003
	0.005
	0.136
	0.138
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