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Effect of fertigation on flowering and physico-chemical responses of guava in the lower Shiwalik foothills of Punjab


 
Abstract
Aim: Guava (Psidium guajava L.), often referred to as the ‘Apple of Tropics,’ is a vital fruit crop in tropical and sub-tropical regions worldwide. This study focused on a sub-mountainous, undulating terrain with high cultivation costs and no permanent water sources, aiming to optimize fertilizer efficiency, enhance fruit yield and quality, and conserve water for future generations. Drip irrigation is recognized as the most effective method for delivering water and nutrients to plants, resulting in reduced water usage while, improving fruit quality. The research investigated the effects of fertigation on the phenological and physico-chemical responses of guava cv. Allahabad Safeda in the lower Shiwalik belt of Punjab. 	Comment by Joao Rufino: Review the abstract; it exceeds 300 words.

To describe the objective of the study in more detail.
Study design: The experimental trial utilized a simple randomized block design with ten different treatments replicated thrice. 
Place and duration of study: The research was conducted at Fruit Research Fram, Dr D R Bhumbla Regional Research Station, Ballowal Saunkhri, Balachaur, SBS Nagar, Punjab. The trial was conducted for duration of nine months.
Methodology: The experiment comprised of 10 different treatment viz. T1 - I1F1 (100% of PE + 100% RDF), T2 – I1F2 (100% of PE + 75% RDF), T3 – I1F3 (100% of PE + 50% RDF), T4 – I2F1 (80% of PE + 100% RDF), T5 - I2F2 (80% of PE + 75% RDF), T6 - I2F3 (80% of PE + 50% RDF), T7 – I3F1 (60% of PE + 100% RDF), T8 - I3F2 (60% of PE + 75% RDF), T9 - I3F3 (60% of PE + 50% RDF) and T0 - control (no fertigation) and replicated thrice. The data were recorded and analyzed as per standard procedures.
Results: The results showed significant improvements in phenological traits viz., date of initiation & period of vegetative bud emergence, date of initiation & period of flower bud initiation, date of initiation & period of peak flowering, date of initiation & period of fruit set; and date of initiation & period of fruit maturity. Additionally, the fruit's physico-chemical properties were also enhanced, yielding higher Vitamin C and pectin content, along with lower titratable acidity. The study also indicated that drip irrigation can save 25–30% on fertilizer and 20% on water. Overall, these findings highlight that guava cv. Allahabad Safeda responded positively to fertigation and drip irrigation in the lower Shiwalik hills of Punjab.
Conclusion: This work underscores the importance of efficient water and nutrient management for sustainable guava production and improved nutritional security in agriculturally challenged areas.
Keywords: Phenology, Drip irrigation, Fertigation, Water saving approach, Fertilizer use efficiency, Yield attributes, Biochemical analysis
1. INTRODUCTION
	Guava (Psidium guajava L.) also known as ‘Apple of Tropics’ widely grown in tropical and sub-tropical regions of the world. It is indigenous to Tropical America which stretches from Mexico to Peru. In India, guava was introduced by the Portuguese during 17th century (Menzel et al. 1985). In India, Guava is grown in an area of 264.9 ha with annual production of around 4053.5 MT which accounts for 15.3 million tons/ ha productivity (NHB 2nd advance estimate, 2019-20). Guava fruits are primarily renowned for their exceptional nutritional value, which in many ways characterizes as one of the "Super fruits". Guava is a resilient plant that bears a lot of fruit on current lateral shoot’s and is quite profitable even if you don't give it much attention.  In India, it is commonly grown in Uttar Pradesh, Bihar, Madhya Pradesh, Maharashtra, Andhra Pradesh, Tamil Nadu, West Bengal, Assam, Orissa, Karnataka, Kerala, Rajasthan and many more states. Agro – climatic conditions of Punjab are favourable for the cultivation of guava crop. The experimental area lies under sub-mountain region of Punjab which is around 3,92,900 ha and region is spread in five districts i.e Pathankot, Hoshiarpur, Shaheed Bhagat Singh Nagar, Rupnagar and SAS Nagar (Mohali). The average annual rainfall of 1100 mm is more than enough to support two harvests, however 80% of this rain falls during the first two and a half monsoon months (July to September). The area has multiple dry periods throughout the remainder of the year. Crops frequently experience moisture stress due to extended dry spells that happen even during the rainy season. Due to the inadequate water-retention capacity of the soil, the majority of rainfall becomes runoff. 	Comment by Joao Rufino: Reference.
	The region mostly relies on groundwater sources due to the absence of permanent water sources. Due to significant soil erosion problems and an acute shortage of water, the sub-mountainous area near the Shiwaliks foothills has been neglected for agriculture. The drip irrigation and fertigation technology establishes the crops in traditionally undulating and non-agricultural regions by irrigating the soil surfaces. Drip irrigation achieves 90% efficiency, increases the crop yield 25 to 30% and saves water upto 30 to 50% in comparison to conventional methods (Yadav et al. 1993) while, fertigation is defined as a single operation unit which delivers fertilizers and irrigation to plants in controlled manner that saves 25% on fertilizers (Shelke et al. 1999). Drip irrigation has been demonstrated to be an effective method for providing plant roots fertilizer and irrigation water while, maintaining high yield production (Kumar and Singh 2002 and Sathya Priya et al 2017). 	Comment by Joao Rufino: Suggestion: insert more recent citations.
	Therefore, fertigation makes it possible to precisely and uniformly supply the crop with an adequate amount of both nutrients and water to the crop as per its requirement. Additionally, fertigation allows for significant reductions in leaching losses and proper fertilizer usage (Kumar et al. 2007). The most effective approach for distributing plant water and nutrients is drip irrigation, which not only saves water but also enhances fruit crop productivity. While yielding higher-quality fruits, drip irrigation uses less water (Fallahi et al. 2007 in ‘fuji’ apple and Neilsen et al. 2008, 2006 in apple). To meet the actual nutritional requirement of the crop throughout the growing season, application of nutrients through fertigation enables correct application of fertilizers to the plant (Raina et al 2011). There is lack of information about the schedule of drip and fertigation on growth, productivity, and quality of guava in this region. As a result, the present research was performed to develop a fertigation schedule using the drip irrigation method, which is ideally suited for widely spread horticultural crops such as guava. 			Comment by Joao Rufino: Conclude the introduction by stating the objective of the study.
2. MATERIALS AND METHODS
	The current research was carried out at Fruit Experiment Farm, Regional Research Station (PAU), Ballowal Saunkhri located near the lower Shiwalik foothills of Punjab (latitude 31º 6’5”N and longitude 76º 27’ 26” E) at height of 355 AMSL. The climate found in the area is semi-arid to sub-humid. In June first two weeks, the average maximum temperature of 43 °C is recorded, while, December records the lowest temperature of 0 °C. Rainfall in the area ranges from 600 to 1500 mm on average per year, with a significant degree of variability. During the research period the total rainfall noted was approximately 737 mm whereas, evaporation was measured 750 mm. The experiment was laid out in Randomized Block Design comprised of 10 different treatment viz. T1 - I1F1 (100% of PE + 100% RDF), T2 – I1F2 (100% of PE + 75% RDF), T3 – I1F3 (100% of PE + 50% RDF), T4 – I2F1 (80% of PE + 100% RDF), T5 - I2F2 (80% of PE + 75% RDF), T6 - I2F3 (80% of PE + 50% RDF), T7 – I3F1 (60% of PE + 100% RDF), T8 - I3F2 (60% of PE + 75% RDF), T9 - I3F3 (60% of PE + 50% RDF) and T0 - control (no fertigation) and replicated thrice. The trees selected for the experiment were of the variety Allahabad Safeda and aged above 10years. The plants were planted in square system of planting with a spacing of 6m x 6m. The fertigation treatments were applied to the plants through drippers (six drippers in one metre canopy area) whose discharge rate was 4 lt/hr. Daily crop evapo-transpiration (ET0) and other weather data was collected from weather station installed at 2 km away from guava orchard. The actual evapo-transpiration (ET0) was measured by multiplying reference evapo-transpiration with crop coefficient (ETƐ = ET0 x Kc). Daily water requirement was estimated using formula:
WR= 
A= (πd2/4)
Where, 
WR= Daily water requirement, litre day-1 plant-1
A= Plant canopy area, m2
d= Diameter of plant canopy, m
ET0= Evapotranspiration, mm day-1
Phenological parameters
	The flowering parameters were recorded by visual observation. The date of initiation of vegetative bud was recorded from the date of first vegetative bud appearance and its period was recorded till the appearance of last bud. The date of initiation of flower bud was noted from the date of first flower bud appearance and the period was calculated till last bud appeared. Similarly, the date of initiation of flowering was recorded when first flower was opened and period of peak flowering was recorded when more than 50% of flower on tree were opened. The period of fruit set was recorded when the first fruit was set and its period was recorded when more than 50% fruits on the tree were set. The initiation of fruit maturity was recorded when first fruit was matured and when more than 50% fruits of the tree were matured, the period of fruit maturity was recorded.
Physico-chemical parameters
	Physico-chemical parameters following fruit set (%), fruit retention (%), fruit drop (%), fruit length (mm), fruit width (mm), fruit weight (g) and fruit yield (kg/tree) were recorded using different methods. Flower density (number/meter) was determined along the length of five current year’s shoot per tree.
Fruit set, fruit retention and fruit drop were calculated using following formulas;




Fruit length (mm) and fruit width (mm) was measured using digital Vernier’s Caliper. Other parameters such as fruit weight (g) was recorded with the help of electronic weighing balance machine and fruit yield (kg/tree) was recorded at the time of fruit harvesting while weighing the weight of fruits per tree. 
	 TSS (º Brix) was measured with the help of Erma-Hand refractometer, total sugars (%) and reducing sugars (%) both were determined using a standardized process AOAC (2005) while, titratable acidity (%) was measured with the help of titration method and vitamin C (mg/ 100g pulp) was estimated with the help titration procedure using 2,6 dichlorophenol indophenols dye (DCPIP) till pink colour appeared. Pectin (%) was measured using the heating process and extracting the pectin precipitates (Sharma et al. 2010). 
3. RESULTS AND DISCUSSION
Phenological parameters
	The data pertaining to different phenological parameters shows that the vegetative bud emerged in the 4th week of June showing non-significant difference among the applied treatments. The average mean date for initiation was observed earliest (1st week of August) under the treatment T1- 100%PE+100%RDF which was at par with T2 whereas, late flower bud (2nd week of August) was emerged in treatment T9- (60%PE+50%RDF) and T0 (Control) (Table 1). The earliest peak flowering (2nd week of August) occurred in T6- 80% of PE + 50% RDF while, in rest other treatments peak flowering was observed in the 3rd week of August. The earliest fruit set (3rd week of August) was observed in treatment T1- 100%PE+100%RDF followed by T2 while, late fruit set was noticed in treatment T8- 60%PE+75%RDF, T9- 60%PE+50%RDF and Control. The earliest fruits (3rd week of December) were harvested from treatment T1- 100%PE+100% RDF and T2- 100%PE+75%RDF, while, in all the other applied treatments, the date of fruit maturity was noted in the 4th week of December. The results revealed that longest period (38.33 days) of vegetative bud emergence, longest period of flower bud emergence (38.00 days), longest duration of peak flowering (24.33 days), longest duration of fruit set (41.67 days) and earliest harvest was recorded under T1- 100%PE+100%RDF treatment while, shortest period for vegetative bud emergence (30.00 days), flower bud emergence (32.68 days), peak flowering (18.67 days), fruit set (36.00 days)  was observed under T0 treatment (Control) and the fruits matured late in the treatment T9- 60% of PE + 50% RDF (137.33 days) (Fig 1). 

Table 1: Effect of fertigation on phenological behavior (dates) of guava cv. Allahabad 	 	      Safeda	Comment by Joao Rufino: Draw Table 1 according to the authors' guide.
	Treatments
	Date of Vegetative bud emergence
	Date of Flower bud emergence
	Date of peak flowering
	Date of fruit set
	Date of fruit maturity

	T0 (Control)
	4th week of June
	2nd week of August
	3rd week of August
	4th week of August
	4th week of December

	T1 (100% of PE + 100% RDF)
	4th week of June
	1st week of August
	3rd week of August
	3rd week of August
	3rd week of December

	T2 (100% of PE + 75% RDF)
	4th week of June
	1st week of August
	3rd week of August
	3rd week of August
	3rd week of December

	T3 (100% of PE + 50% RDF)
	4th week of June
	2nd week of August
	3rd week of August
	4th week of August
	4th week of December

	T4 (80% of PE + 100% RDF)
	4th week of June
	1st week of August
	3rd week of August
	3rd week of August
	4th week of December

	T5 (80% of PE + 75% RDF)
	4th week of June
	1st week of August
	3rd week of August
	3rd week of August
	4th week of December

	T6 (80% of PE + 50% RDF)
	4th week of June
	1st week of August
	2nd week of August
	3rd week of August
	4th week of December

	T7 (60% of PE + 100% RDF)
	4th week of June
	1st week of August
	3rd week of August
	3rd week of August
	4th week of December

	T8 (60% of PE + 75% RDF)
	4th week of June
	1st week of August
	3rd week of August
	4th week of August
	4th week of December

	T9 (60% of PE + 50% RDF)
	4th week of June
	2nd week of August
	3rd week of August
	4th week of August
	4th week of December












Fig 1: Effect of fertigation on phenological behaviour (days) of guava cv. Allahabad 	 	  Safeda	Comment by Joao Rufino: Suggestion: caption below.

[bookmark: bbib39]	Several researchers have demonstrated significant effect of changing climate viz., temperature, moisture availability, soil conditions and light on different phenological changes in plant’s growth and development (Semenov et al 2014). It was observed that under drip irrigation and fertigation, there is even distribution of the water and nutrients in the root zone of the plant having higher moisture availability which might have enhanced the uptake better nutrient uptake ensuing higher synthesis of metabolites and further its translocation resulting in early vegetative and reproductive bud emergence (Kumawat et al 2017 and Singh & Dhatt 2023). It can be summarized that fertigation with higher dose of NPK  is responsible for developing quicker and early internal food reserves which had resulted in early flower bud emergence and increased flowering duration (Singh and Dhatt 2023). The favorable influence of T1 on phenological parameters may also be due to availability excess moisture to the plant’s root as compared to all other applied treatments in the soil through drip irrigation treatment. This helped in maintaining the soil moisture at optimum level thus, eliminating water stress to the plant resulting in better growth and development. The results obtained in the present experiment are in accordance with the findings of Kachwaya et al (2018) in strawberry and Ramniwas et al (2012) in guava under high density planting.
Physico- chemical parameters
	The average fruit set ranged from 75.49 to 88.54% showing significant variation among the applied treatments. The fruit retention percentage ranges in between 44.70 to 61.89%. A significant difference has been observed among all the treatments with reference to fruit drop and it ranged from 38.12 to 55.29% (Fig. .2). The maximum fruit set (88.54%), fruit retention (61.89%), fruit length (65.28 mm), fruit width (68.17 mm), fruit weight (160.10 g), fruit yield (71.85 kg/tree) and minimum fruit drop (38.12%)  was observed in treatment T1 (100%PE+100%RDF) whereas, minimum fruit set (75.49%), fruit retention (44.70%),  fruit length (52.59 mm), fruit width (57.53 mm), fruit weight (97.28 g) and fruit yield (42.83 kg/tree) and maximum fruit drop (55.29%) was noted in T0 (control) treatment (Table 2). 
Fig. 2: Effect of fertigation on fruit set, fruit retention and fruit drop of guava cv. 	 	   Allahabad Safeda


Table. 2: Effect of fertigation on fruit size, fruit weight and fruit yield of guava cv. 	 	   Allahabad Safeda	Comment by Joao Rufino: Draw Table 1 according to the authors' guide..
	Treatments
	Fruit Size (mm)
	Fruit weight
(g)
	Fruit yield
(kg/tree)

	
	Length
	Width
	
	

	T0 (Control)
	52.59
	97.28
	2.93
	42.83

	T1 (100% of PE + 100% RDF)
	65.28
	160.10
	6.50
	71.85

	T2 (100% of PE + 75% RDF)
	64.27
	158.10
	6.23
	70.87

	T3 (100% of PE + 50% RDF)
	59.77
	125.76
	4.70
	55.23

	T4 (80% of PE + 100% RDF)
	64.05
	139.16
	5.67
	62.07

	T5 (80% of PE + 75% RDF)
	63.08
	138.77
	5.73
	61.80

	T6 (80% of PE + 50% RDF)
	60.88
	128.71
	4.73
	56.80

	T7 (60% of PE + 100% RDF)
	62.90
	130.84
	5.57
	58.07

	T8 (60% of PE + 75% RDF)
	62.48
	130.73
	5.63
	58.17

	T9 (60% of PE + 50% RDF)
	59.91
	127.25
	4.73
	55.80

	CD 0.05
	5.99
	33.59
	0.91
	4.87

	SE (m)
	2.01
	11.22
	0.30
	1.63



	The results revealed significant variations in physical parameters of guava cv. “Allahabad Safeda” as influenced by different levels of drip irrigation and fertigation. As reported by Kumar et al (2016), drip irrigation and fertigation have a significant impact on the physical parameters of guava trees in the Tarai region of India. Drip irrigation ensures optimum soil moisture levels, which improves fruit size, weight, and overall fruit quality parameters. This method was particularly effective in the Tarai region's relatively variable climate, erratic soil conditions where water conservation is crucial due to intermittent rainfall (Kumar et al 2016). Fertigation allows for uniform nutrient application of fertilizers to the plant near the root zone, enhancing fruit development and boosting tree reproductive growth. This technique has been shown to improve fruit yield and reduce nutrient leaching, leading to better growth and fruit characteristics (Yadav et al 2020). Together, these practices optimize the growth conditions for guava trees, contributing to increased productivity and improved fruit quality. Water deficit conditions can inhibit flower initiation and development due to reduced metabolic activity and stress-induced hormone imbalances (Mujumdar et al 2020). Reduced flower density typically leads to decrease in fruit set and fruit retention which can negatively impact overall fruit yield. Fruit set, the process where fertilized flowers develop into fruits, is highly sensitive to water availability. Moisture stress can impair pollen germination and ovule fertilization, leading to a lower fruit set rate (Kumar et al 2021). The reduction in fruit set results from both physiological stress on the plant and poor flower viability under water-limited conditions. Under moisture stress, guava trees often exhibit lower fruit retention rates. Stress can lead to premature fruit drop due to imbalanced hormonal status, poor nutrient availability and water supply, which are crucial for fruit development (Yadav et al 2020). Increased fruit drop is a common response to moisture stress due to hormonal imbalances. This phenomenon occurs as a survival mechanism where the plant sheds developing fruits to conserve resources (Siddiqui et al 2019). The fruit drop significantly affect overall fruit yield, as the plant prioritizes survival over fruit production under severe water deficits. The physical dimensions of guava fruits, such as length and breadth, are adversely affected by moisture stress. Under drought conditions, fruits often develop smaller sizes due to restricted cell expansion and reduced metabolic activity (Chaudhary et al 2019). The decrease in fruit size can lead to lower market value and reduced consumer appeal. Kumawat et al (2019) in guava reported that consistent soil moisture regime due to drip irrigation result balanced vegetative growth in plant which provide maximum interception of light thus resulting proper translocation of food reserves in plants for better growth and development of plant in terms of higher fruit length and fruit diameter. Similar findings were in confirmation with Kaushik et al (2013), Singh et al (2015) and Preet et al (2022). The weight of guava fruits is directly impacted by moisture stress. Typically, fruits under water deficit conditions weigh less due to reduced cell expansion and lower accumulation of sugars, lower translocation of photosynthates and other essential compounds (Mousavi et al 2018). Lower fruit weight is associated with reduced fruit quality and yield. Overall fruit yield, which is a cumulative measure of fruit production, declines under moisture stress. Reduced flower density, fruit set, and fruit retention, combined with smaller fruit size and weight, contribute to lower total yield (Hossain et al 2021). Intrigliolo et al (2013) reported drip irrigation provide consistent soil moisture regime and optimum nutrient availability near the root zone which results in proper translocation of photosynthates or food reserves which accelerates fruit growth and development in guava trees. According to Singh et al (2015) a study evaluated on guava cv. Allahabad Safeda under different water regimes, fruit weight has been recorded maximum under 80% water regime condition. Similarly, Panigrahi et al (2012) reported decreased fruit weight in relation to decreased irrigation regime in Nagpur mandarins. As guava is a hardy fruit plant and can be grown in semi-arid or arid regions therefore it might be one of the reasons that guava plants irrigated with moderate water deficit conditions also perform better in comparison with fully irrigated conditions. Similar findings were in confirmation with Kaushik et al (2013), Singh et al (2015) and Preet et al (2022) in guava. Effective water management strategies and improved management practices are crucial to mitigate these effects and maintain productive guava orchards.	Comment by Joao Rufino: Suggestion: Paragraph too long. Split it.
[bookmark: _Hlk172698893]	Data pertaining to biochemical parameters shows that maximum TSS (14.07 ºB), total sugar (11.80%), reducing sugars (6.67%), vitamin C (177.57 mg/ 100g pulp), pectin content (5.41%) and minimum titratable acidity (0.06%) was found under T1- 100%PE+100%RDF treatment whereas, the minimum TSS (6.40 ºB), total sugars (2.69%),  reducing sugars (3.43%), vitamin C (103.20 mg/100g), pectin content (0.96%) and maximum acidity (0.14%) was recorded in T0 treatment (Control) (Fig. 3 and 4).




Fig 3: Effect of fertigation on TSS, total sugars and reducing sugars of guava cv. 	 	  Allahabad Safeda

Fig 4: Effect of fertigation on TA, pectin and Vitamin C content of guava cv. 	 	  	  Allahabad Safeda

	The research indicates significant variations in biochemical parameters of guava cv. “Allahabad Safeda” under the influence of different levels of drip irrigation and fertigation in the Kandi region of Punjab. Total soluble solids is a critical indicator of fruit maturity and sweetness. Under moisture stress conditions, guava fruits often exhibit an increase in TSS due to reduced water availability which lead to higher concentrations of soluble sugars and other dissolved solids as the fruit continues to mature (Siddiqui et al 2018). The increased TSS is a mechanism as the fruit attempts to maintain osmotic balance and protect itself against stress-induced damage or hormonal imbalance. Moisture stress typically results in a decrease in titratable acidity (Chaudhary et al 2019). The reduction in acidity is likely due to the decreased availability of water for the synthesis and accumulation of organic acids in the fruit. This change can lead to a less tangy flavour, which may affect the overall consumer preference. Total sugars, including reducing sugars, are crucial for the sweetness and energy content of guava. Under moisture stress, the concentration of total sugars and reducing sugars generally increases. This is due to the stress-induced breakdown of starches into simpler sugars to maintain energy levels and osmotic pressure within the plant tissues (Mousavi et al 2018). Increased reducing sugars correlate with higher sweetness, although excessive moisture stress can eventually lead to reduced sugar levels if stress persists beyond a certain threshold. Moisture stress can impact the synthesis and stability of vitamin C. Initially, the vitamin C content may increase as the plant tries to counteract oxidative stress induced by water scarcity in guava and litchi (Singh et al 2015 and Gupta et al 2019). In apple fruits, results were reported by Kowitcharoen et al (2018) in relation to water deficit conditions. Increase in vitamin C could be due to abiotic stresses or water stress conditions; stress generally induces ABA hormone synthesis which promotes hydrogen peroxide synthesis. Hydrogen peroxide stress signal further induces or accelerate antioxidant system in plant thus resulting high vitamin C content. However, prolonged stress conditions can lead to a decrease in vitamin C levels due to accelerated degradation of fruit and reduced synthesis of organic acids or other substrates necessary for vitamin C biosynthesis. Pectin, a polysaccharide found in the cell walls of guava, affects the texture and gelling properties of the fruit. Generally guava fruits are high in pectin content used to prepare jellies. Moisture stress generally results in a decrease in pectin content as the fruit's cell walls become less hydrated and more susceptible to degradation (Hossain et al 2021). Reduced pectin levels can lead to a softer fruit texture, which might be undesirable for both consumers and processing purposes.
4. CONCLUSION
	The study identified Treatment T1 (100% PE + 100% RDF) as the most effective approach for enhancing guava flowering, fruit development, yield and fruit quality. Treatment T2 (100% PE + 75% RDF) also showed promising results, being at par with T1 in several metrics, but T1 consistently outperformed in overall yield and quality attributes. Thus, while both treatments enhance guava cultivation in the Kandi region, T2 could be recommended as the optimal strategy for sustainable production, cost effective which, showcase great nutrient use efficiency without leaching losses and water use efficiency.
	It highlights guava's nutritional benefits, including high levels of vitamins, dietary fiber, and phenolic compounds, alongside its medicinal properties. This work underscores the importance of efficient water and nutrient management for sustainable guava production and improved nutritional security in agriculturally challenged areas.
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Vegetative bud emergence (days)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	30	38.333333333333336	37.66666666666665	37.333333333333336	37	36.66666666666665	35.66666666666665	35.333333333333336	35.333333333333336	36.66666666666665	Flower bud emergence (days)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	32.66666666666665	38	37.333333333333336	34.66666666666665	37.333333333333336	36.66666666666665	35.66666666666665	36	36.333333333333336	34.66666666666665	Peak flowering (days)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	18.666666666666668	24.333333333333325	24	20.333333333333325	23.333333333333325	23	21.666666666666668	22.666666666666668	22.333333333333325	22	Fruit set (days)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	36	41.66666666666665	41.333333333333336	37.66666666666665	41.333333333333336	39.66666666666665	38.66666666666665	40.333333333333336	39.66666666666665	38.66666666666665	Fruit maturity (days)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	133.66666666666663	134.66666666666663	134	136	136	134.66666666666663	136.33333333333337	136	136.66666666666663	137.33333333333337	Treatments

Days to Vegetative bud emergence, days to flower bud emergence, days ofpeak flowering and days of fruit set

Days to fruit maturity


Fruit retention (%)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	44.70000000000001	61.889999999999993	60.696666666666651	54.096666666666657	59.44	58.98	56.016666666666652	58.32666666666664	57.693333333333335	54.783333333333331	Fruit drop (%)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	55.290000000000006	38.123333333333342	39.309999999999995	45.906666666666645	40.080000000000005	41.056666666666651	44.033333333333339	41.676666666666648	42.309999999999995	45.220000000000006	Fruit set (%)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	75.493333333333339	88.54	88.11999999999999	80.726666666666674	86.669999999999987	85.8	82.006666666666661	84.32	83.413333333333341	81.59	Treatments

Fruit retention and fruit drop (%)

Fruit set (%)


Total sugars (%)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	2.69	11.8	10.739999999999998	4.41	7.203333333333334	5.8733333333333331	5.37	6.5166666666666675	5.8	4.6633333333333331	Reducing sugars (%)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	3.4333333333333336	6.666666666666667	6.2399999999999993	4.1899999999999995	6.2	6.1066666666666674	5.9433333333333342	5.5266666666666664	5.206666666666667	4.3599999999999994	TSS (°Brix)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	6.4000000000000012	14.066666666666672	14	9.1000000000000014	12.5	12.766666666666667	10.533333333333333	12.233333333333333	11.6	9.4333333333333336	Treatments

Total and reducing sugars

TSS (°Brix)



Titratable acidity (%)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	0.14000000000000001	6.1666666666666675E-2	0.11266666666666666	9.4333333333333352E-2	0.10566666666666667	0.10233333333333333	9.3666666666666704E-2	0.10233333333333333	9.9333333333333343E-2	9.5333333333333367E-2	Pectin (%)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	0.96333333333333349	5.4066666666666681	4.5266666666666664	2.2433333333333341	4.2433333333333341	3.9366666666666656	3.5633333333333335	3.9933333333333336	3.6366666666666667	3.4133333333333331	Vitamin C (mg/100g pulp)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	103.19999999999999	177.56666666666663	162.73333333333338	127.86666666666666	160.16666666666663	158	139.73000000000002	150.66666666666666	145.89000000000001	134.5	Treatments

Titratable acid and pectin

Vitamin C






