Effect of different spacing on growth, yield and quality of phalsa (Grewia asiatica L.)


ABSTRACT
	A field study was conducted at Horticulture Instructional Farm (HIF), Sardarkrushinagar Dantiwada Agricultural University, Gujarat, India, between 2021 and 2024 to investigate the effect of different spacing on growth, yield and quality of phalsa (Grewia asiatica L.). High density plantation of fruit crops has shown promise in improving productivity by accumulating more number of plants per unit area. Therefore to find out the most appropriate plant spacing for maximum production of phalsa fruit, The study used a randomized block design with five treatments viz., T1 (3 m x 3 m) (Control), T2 (3 m x 2 m), T3 (3 m x 1 m), T4 (2 m x 2 m) and T5 (2 m x 1 m) and four replications. The results revealed that phalsa planted at 2 m x 1 m spacing resulted in higher plant height (at pruning) (3.87 m), canopy (N-S at pruning) (3.79 m), yield per plot (36.36 kg) and per hectare (10076.55 kg). However, Canopy (E-W at pruning), days taken to initiation of flowering after pruning and TSS of phalsa fruit were not affected significantly. These findings provide valuable insights into optimization of planting spacing for improving productivity of phalsa cultivation.
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INTRODUCTION
	Phalsa or falsa (Grewia asiatica L. syn. Grewia subinaequalis L.) is a promising yet underutilized indigenous berry fruit plant of India (Imchen et al., 2023). It is a small shrub plant classified under the family Malvaceae (Wilson, 2023). It is also known as Indian sherbet berry, Gangana, White Crossberry and Raisin Bush (Hare Krishna et al. 2019, Thallapally et al. 2025). Phalsa is grown across the nation.  Haryana, Punjab, Bihar, and Uttar Pradesh are the top states in northern India, whereas Gujarat, Rajasthan, West Bengal, and Madhya Pradesh are the top states in central India.  It is also cultivated in Andhra Pradesh and Maharashtra in southern India (Warang et al., 2025). Worldwide, phalsa is found distributed and widely cultivated in Bangladesh, Pakistan, Sri Lanka, Nepal, Thailand, Philippines, Vietnam, Laos, Philippines and some regions of the United States of America. Phalsa is a resilient fruit crop which can thrive under the most neglected conditions and in a fairly extensive range of climate and soil condition (Hiwale, 2015). The varieties grown by farmers are known as ‘Local’ and ‘Sharbati’. The ICAR-CIAH, Bikaner has identified an improved cultivar ‘Thar Pragati’ (Singh et al., 2018). Recently three genotypes viz., dwarf, tall and tall plants with globose shaped fruits were identified in phalsa (Kumar et al., 2025). 
	Phalsa is grown primarily for its acidic and sweet fruit, which is widely accessible during the summer months of April and May. The light red coloured ripe fruits are rich in vitamin A, vitamin C, phosphorus and iron. (Warang et al., 2025). Fruit show high antioxidant activities and presence of numerous metabolites such as flavonoids, total phenols, anthocyanin content, anthraquinone, saponins, coumarins, tannins, steroids and amino acids in various parts which enhance the medicinal value of the plant (Imchen et al., 2023). 
	Phalsa, a well-known folk medicine possessing certain medicinal properties therefore ancient societies still use it to treat a variety of diseases (Ashrafuzzaman et al. 2021). Phalsa can be used to treat anaemia, diarrhoea, hepatitis, fever, diabetes, wound healing, skin diseases (Upadhyay et al., 2025), cancer (Kaur et al., 2024 and Dhanya et al., 2025) and alzheimer (Jarande and Damle, 2025). A ripe fruits are widely used in the preparation of sherbets, desserts or refreshing fruit drinks as they have cooling and aphrodisiac effects, which quenches thirst and offers relief during the hot summer months (Imchen et al., 2023). In phalsa, fiber is used to make rope, bark extract is used to clarify sugar. Baskets and support sticks are also made from the wood obtained from yearly pruning. (Kumar et al., 2025). 
	However, despite the nutritional, medicinal and economic benefits of phalsa, commercial cultivation of phalsa is still at a juvenile stage, limited to certain parts of the country only, consequently due to limitations such as small fruit size and low yield per plant. High-density planting combine can double the yield in less time and from a smaller area. Additionally, high density orchard promotes early bearing and helps reduce weed problems (Singh et al., 2025). Furthermore, currently climate change is causing an increase in the frequency of extreme events like droughts and floods (Singh et al., 2016) and in such scenario implementing sustainable land management practices i.e. high density planting can improve productivity. It is evident that many semi-arid fruit crops, such as amla, ber, bael, chironji, and jamun fruit trees, benefit from high density planting in order to attain high yield (Mishra et al., 2020).
	With regard to phalsa, usually it is planted at a distance of 3 m x 3 m by square planting system. However, because it finishes its blooming and fruiting in a few months, this crop is best suited for closer spacing (Gauri Shankar, 1985). It can be planted at 2 × 2 m (Imchen et al., 2023) and 1.5 m x 1.5 m (Janakiram, 2020). Lesser spacing can accommodate more number of plants per hectare, thus increasing the benefit on per unit land. Hiwale (2007) suggested planting of phalsa at 3 m × 0.4 m planting spacing with Neddlers fan design under semi arid conditions. Therefore, an experiment of “Effect of different spacing on growth, yield and quality of phalsa (Grewia asiatica L.)” was carried out.
MATERIAL AND METHODS
	The study was conducted on three year old phalsa plants at the Horticulture Instructional Farm (HIF) of C. P. College of Agriculture, Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushinagar, Dist., Banaskantha, Gujarat (India) during the year 2021 to 2024. Geographically, the area has a subtropical climate, is located at latitude 24.32 °N and longitude 72.17 °E, and is approximately 177 meters above mean sea level. The goal of the study was to determine the ideal plant spacing for phalsa fruit production.
	The experiment consisted of five treatments under randomized block design. Each treatment was replicated four times. The treatment detail and number of plants per treatment were described in Table 1. The size of the net plot was same for all the treatments i.e., 6 m x 6 m.
	Standard cultural practices were followed every year in all the experimental plots. The pruning was done during last week of December when plant shed its fifty percent leaf. The recommended dose of manure and fertilizer i.e., 200 g N, 100 g P2O5 and 50 g K2O along with 10 kg FYM per plant per year was given to all the experimental plots. Half dosage of nitrogen and full dose of phosphorus and potash was given at one week after pruning and rest of the nitrogen was given at the time of fruiting. Fertilizer application was followed by irrigation. Drip irrigation was given after pruning until end of the harvesting season at alternate interval. Conditions were normal during crop period in all three years. 
	The observations were recorded for different vegetative, reproductive and quality parameters in terms of plant height (m), number of shoots, canopy (N-S and E-W) (m), days taken for initiation of flowering after pruning, fruit yield (kg) (plant-1, plot-1 and hectare-1) and total soluble solids (TSS) (°Brix). Plant height (at pruning) was measured starting from the base of the ground and sprouted shoots from base trunk of the plant were counted as number of shoots. The distance between the longest shoot in opposite directions was measured as canopy. The days from pruning to flower initiation was calculated on randomly selected five shoot of each plant and average had been worked out. Harvesting of fruit was done during the month of April and May. Yield observations were taken from the plants of net plot as per treatment. Fruits harvested from each plant were weighed separately at every picking and pooled weight of all the pickings per plant were calculated as per plant fruit yield (kilograms). The fruit yield (per plot) in kilograms was calculated on the basis of average yield obtained per plot under each treatment. The average yield per plant multiplied by the number of plants per hectare in the treatment was used to compute the yield per hectare. A digital hand refractometer was used to test the TSS of phalsa fruit juice. For the final interpretation, the pooled data is analyzed after the parameters were recorded for three years in a row. All observational data were analyzed using Panse and Sukhatme (1985) statistical analysis procedures.

RESULTS AND DISCUSSION
Effect of spacing on growth parameters
	The impact of planting spacing may be examined by measuring a variety of vegetative metrics, such as plant height, number of shoots, canopy (N-S and E-W), and days taken to initiation of flowering. Analysis of data revealed that T5 (2 m x 1 m) treatment recorded significantly maximum plant height (at pruning) (3.72 m) in the year 2021-22 and in pooled (3.87 m) analysis, whereas maximum number of shoots (at pruning) i.e., 52.56, 57.15 and 58.63 was recorded in T1 (3 m x 3 m) treatment in all experiment years respectively as well as in pooled (56.12) analysis (Table 2). These results were in harmony with those of Singh et al., (2011). They recorded highest plant height (5.67 m) in double hedgerow system (5 m x 5 m), whereas it was observed minimum (5.37 m) in the square system (10 m x 10 m) in aonla. Ladaniya et al., (2020) found that plant height was higher in ultra high density planting in acid lime. It is obvious that plants with smaller spacing tend to grow taller in order to outcompete one another for light.  It was stated that plants with less lateral progression turn out to be erect in shape because of restricted light transmission or shadow, whilst plants with higher spacing acquire plenty of space for directed growth (Bose et al., 1992, Nawaz et al., 2007). This might be the reason behind higher shoot emergence in higher spacing (Kumawat et al., 2014). Similar trend was observed by earlier researchers viz., Chundawat et al., (1992), Hung et al., (2011), Kumar et al., (2014) and Ramteke et al., (2022) in guava, pineapple, fig and custard apple respectively.
	Referring canopy parameters, canopy (N-S at pruning) found non-significant for all years whereas, in pooled analysis T5 (2 m x 1 m) treatment recorded significantly maximum Canopy (N-S at pruning) i.e., 3.79 m which was found to be at par with T4 (3.70 m) treatment (Table 3). Canopy (E-W at pruning) and days taken for initiation of flowering after pruning (Table 4) were found non-significant for all years and in pooled analysis. Since plants at wider spacing had enough space for light to reach the canopy, it was clear that plants cultivated at smaller spacing continued to grow farther in and recorded maximum canopy. Additionally, there was plenty space for plants to develop and form a spherical canopy. Moreover, pruning of phalsa bush every year is mandatory practice which eliminates the possible initial competition for vegetative growth. Ramteke et al., (2022) also observed greater spread of crown at low planting density in custard apple. The current findings align with the conclusions of Singh et al., (2007), Singh et al., (2011), Ladaniya et al., (2020), Sanjit et al., (2021) and Pawar et al., (2023) in various fruit crops in varied climatic conditions.
Effect of spacing on yield parameters
	Plant spacing has an impact on both crop output and effective resource utilization. In order to maximize the structure and boost the photosynthetic potential of the canopy, plant density or plant spacing is crucial. Crop shape and density are examples of agricultural variables that affect productivity and profitability (Haque and Sakimin, 2022). The data displayed in a Table 5 showed significant effect on differences among the treatments on yield and yield attributes. Application of T1 (3 m x 3 m) treatment recorded maximum yield per plant (2.45 kg) in a pooled study that was comparable to T2 (3 m x 2 m) treatment. Whereas, significantly the highest yield plot-1 (36.36 kg) and yield hectare-1 (10076.55 kg) were observed under T5 (2 m x 1 m) treatment in pooled analysis as well as in all the years. 
[bookmark: _GoBack]	The increased yield per hectare might be due to increase in plant density per unit area (Ladaniya et al., 2020). Whereas, plants with wider spacing appear to have higher fruit setting due to increased photosynthetic activity of foliage receiving more sunlight from the lower branches of tree and increased yield under wider sapcing (Singh et al. 2023a_https://doi.org/10.1007/s10341-023-00862-3, Singh et al. 2023b_DOI: https://doi.org/10.3329/bjb.v52i1.65247)). Contrary, narrow spacing becomes a constraint that adversely influences fruiting. Singh et al., (2011) reported maximum yield/plot (1,724.40 kg) and yield/ha (220.99 tonnes) in double hedge row system (5 m x 5 m). However, fruit yield per tree noted highest (98.00 kg) in square system of planting (10 m x 10 m). Larger vegetation and a larger leaf to fruit ratio are favorable conditions under wider spacing, which may account for this result. More fruits are often produced by trees with greater vegetative dimensions. Kumawat et al., (2014) observed more number of fruits (17.20) and yield per plant (1.32 kg) at 2.0 x 1.5 m spacing as compared to 1.0 x 1.5 m spacing in ultra high density planting of guava. Bal and Gill (2016) also concluded that ber growers can earn profit by planting ber at closer spacing by receiving higher yield. These provide a clear explanation of how accommodating a larger plant population increased yield per unit space. Likewise, tree spacing and yields have been shown to be inversely correlated by Wheaton et al., (1995), Nawaz et al., (2007), Dalal et al., (2013), Azevedo et al., (2015), Kumar et al., (2015), Sanjit et al., (2021) and Pawar et al., (2023).	Comment by Windows: More focus on your results instead of showing contradictory results
Effect of spacing on quality parameter
	The quality of fruit is a significant consideration for customers. The alteration in total soluble solids (TSS) was influenced by the various treatments outlined in Table 6. However, there was no discernible difference in the results across all years and in the pooled analysis. The numerically maximum TSS (22.36°Brix) was observed in T1 (3 m x 3 m) treatment in pooled analysis. It could be explained by optimal nutrition deliverance in all the treatments.
	This indicated that fruit quality attribute is not disturbed by spacing treatments. Kumar et al., (2014) found no disparity in fruit quality between fig trees planted closer or farther apart. Furthermore, Ladaniya et al., (2020) found that decreasing planting distance had no effect on fruit quality characteristics, including total soluble solids and juice acidity of mango. Similar finding was reported previously by Singh et al., (2011), Kumawat et al., (2014) and Gaikwad et al., (2017).
CONCLUSION
	The findings of this study suggest that planting phalsa at 2 m x 1 m spacing resulted in higher plant height (at pruning) (3.87 m), canopy (N-S at pruning) (3.79 m), yield per plot (36.36 kg) and yield per hectare (10076.55 kg). These findings suggest that planting phalsa at 2 m x 1 m can give higher yield as compared to control without affecting days taken to initiation of flowering after pruning and TSS of phalsa fruit.
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Table 1: Treatments and number of plants per treatment
	Treatment
	Spacing
	Number of plants per net plot
	Number of plants per hectare

	T1 (Control)
	3 m x 3 m
	4
	1111

	T2
	3 m x 2 m
	6
	1666

	T3 
	3 m x 1 m
	12
	3333

	T4
	2 m x 2 m
	9
	2500

	T5
	2 m x 1 m
	18
	5000


Table 2: Effect of different spacing on plant height and number of shoots of phalsa (at pruning)
	
	Plant height(m)
	Number of shoots

	Treatment
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	2.73
	3.40
	3.41
	3.18
	52.56
	57.15
	58.63
	56.12

	T2
	3.11
	3.74
	3.75
	3.54
	40.38
	46.15
	46.67
	44.40

	T3
	3.21
	3.79
	3.78
	3.59
	30.63
	32.08
	33.72
	32.14

	T4
	3.41
	3.89
	3.91
	3.74
	27.00
	27.94
	28.65
	27.86

	T5
	3.72
	3.94
	3.96
	3.87
	21.00
	21.12
	22.48
	21.54

	S.Em.±
	0.15
	0.18
	0.18
	0.10
	2.44
	1.99
	1.45
	1.16

	CD at 5 %
	0.48
	NS
	NS
	0.29
	7.51
	6.14
	4.47
	3.32

	C.V. %
	9.57
	9.50
	9.69
	9.61
	14.21
	10.80
	7.64
	10.99

	Y

	S.Em.±
	0.08
	
	0.90

	C.D. at 5 %
	0.22
	
	2.57

	Y x T

	S.Em.±
	0.17
	
	2.00

	C.D. at 5 %
	NS
	
	NS


Table 3: Effect of different spacing on canopy parameters of phalsa (at pruning)
	
	Canopy (m) (N-S)
	Canopy (m) (E-W)

	Treatment
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	3.69
	3.30
	3.45
	3.48
	3.62
	3.66
	3.63
	3.63

	T2
	3.38
	3.50
	3.48
	3.45
	3.70
	3.80
	3.76
	3.75

	T3
	3.06
	3.56
	3.53
	3.39
	3.54
	3.83
	3.81
	3.73

	T4
	3.71
	3.71
	3.68
	3.70
	3.63
	3.85
	3.89
	3.79

	T5
	3.76
	3.84
	3.76
	3.79
	3.71
	3.71
	3.81
	3.74

	S.Em.±
	0.18
	0.17
	0.15
	0.10
	0.18
	0.13
	0.10
	0.08

	CD at 5 %
	NS
	NS
	NS
	0.28
	NS
	NS
	NS
	NS

	C.V. %
	10.07
	9.50
	8.56
	9.39
	9.95
	7.03
	5.10
	7.56

	Y

	S.Em.±
	0.07
	
	0.06

	C.D. at 5 %
	NS
	
	NS

	Y x T

	S.Em.±
	0.17
	
	0.14

	C.D. at 5 %
	NS
	
	NS


Table 4: Effect of different spacing on flowering of phalsa (after pruning)
	
	Days to initiation of flowering

	Treatment
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	28.25
	28.25
	27.99
	28.16

	T2
	28.38
	28.37
	28.37
	28.37

	T3
	28.75
	30.12
	29.89
	29.59

	T4
	28.75
	28.75
	28.75
	28.75

	T5
	28.13
	27.75
	28.00
	27.96

	S.Em.±
	1.00
	0.87
	0.67
	0.50

	C.D. at 5 %
	NS
	NS
	NS
	NS

	C.V. %
	7.06
	6.07
	4.67
	6.01

	Y

	S.Em.±
	0.38

	C.D. at 5 %
	NS

	Y x T

	S.Em.±
	0.86

	C.D. at 5 %
	NS





Table 5: Effect of different spacing on yield parameters of phalsa
	
	Yield per plant (kg)
	Yield per plot (kg)
	Yield per hectare (kg)

	Treatment
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	2.40
	2.47
	2.49
	2.45
	9.65
	9.87
	9.97
	9.83
	2667.63
	2743.48
	2766.39
	2725.66

	T2
	2.28
	2.42
	2.41
	2.37
	13.73
	14.78
	14.47
	14.33
	3804.49
	4030.50
	4015.06
	3949.85

	T3
	2.23
	2.27
	2.30
	2.27
	26.78
	27.43
	27.59
	27.27
	7444.62
	7554.52
	7665.90
	7554.84

	T4
	2.25
	1.93
	2.11
	2.10
	20.27
	17.64
	18.99
	18.97
	5628.77
	4824.52
	5275.00
	5242.59

	T5
	2.10
	1.99
	1.96
	2.02
	37.66
	36.13
	35.30
	36.36
	10480.54
	9949.62
	9800.00
	10076.55

	S.Em.±
	0.12
	0.14
	0.14
	0.08
	1.27
	0.99
	1.06
	0.64
	469.03
	320.13
	223.61
	211.11

	C.D. at 5 %
	NS
	NS
	NS
	0.22
	3.90
	3.06
	3.28
	1.84
	1445.36
	986.50
	689.06
	606.02

	C.V. %
	10.82
	12.50
	12.67
	12.02
	11.71
	9.37
	10.00
	10.43
	15.62
	11.00
	7.57
	12.37

	Y

	S.Em.±
	0.06
	
	0.50
	
	163.53

	C.D. at 5 %
	NS
	
	NS
	
	NS

	Y X T

	S.Em.±
	0.13
	
	1.11
	
	365.66

	C.D. at 5 %
	NS
	
	NS
	
	NS



Table 6: Effect of different spacing on TSS of phalsa fruit
	
	TSS (°Brix)

	Treatment
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	22.76
	22.30
	22.03
	22.36

	T2
	21.97
	21.71
	21.65
	21.77

	T3
	22.25
	22.18
	22.18
	22.20

	T4
	21.61
	21.44
	21.39
	21.48

	T5
	21.25
	21.24
	21.25
	21.25

	S.Em.±
	0.47
	0.52
	0.52
	0.29

	C.D. at 5 %
	NS
	NS
	NS
	NS

	C.V. %
	4.24
	4.82
	4.81
	4.63

	Y

	S.Em.±
	0.23

	C.D. at 5 %
	NS

	Y x T

	S.Em.±
	0.50

	C.D. at 5 %
	NS






