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Impact of combined application of Irrigation, fertilization along with mulching on soil and leaf nutrient dynamics, fruit yield and quality of mango cv. Banganpalli
Abstract 
Soil moisture and nutrients are critical for agricultural productivity, especially in arid and semiarid regions where they limit crop growth. This study examines the combined use of irrigation, mulching, and fertigation in southern Telangana, India, to enhance water and nutrient availability, assessing soil and leaf nutrient dynamics, fruit yield, and quality of mango. The present experiment conducted over two years with 16 treatments replicated thrice, it includes four irrigation (basin irrigation at 1.2 m³/plant every 10 days, drip at 75%, 100%, 125% ETc daily) and four fertilization levels (500 g N&K via soil post-fruit set, 250, 375, 500 g of N&K via fertigation in three equal doses at 15-day intervals post-fruit set) and all the plants were mulched with silver colored polyethylene of 100 microns. The study found that 125% ETc with 375 g N&K fertigation and mulching significantly enhanced leaf nutrient and soil moisture availability (50%), water and nutrient use efficiency, fruit yield (60%), quality, and benefit-cost ratio, while saving 12.5% fertilizer compared to basin irrigation (1.2 m³ water) with 500 g N&K soil application. Similarly, 75% ETc with 500 g N&K fertigation and mulching improved leaf, soil nutrients, moisture, water and nutrient use efficiency, fruit yield (50%) and with 30% water savings compared to basin irrigation and soil fertilization. Future studies should validate these findings across diverse soil and climates to confirm the broader applicability of 125% ETc drip irrigation with 375 g N&K fertigation plant-1 and mulching as a fertilizer-saving approach, and 75% ETc drip irrigation with 500 g N&K fertigation plant-1 and mulching as a water-saving approach for mango cultivation.
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Introduction 
Mango (Mangifera indica L.) is economically one of the most important fruit crop in India and is being grown in more than 87 countries in the world. In India, mango is economically one of the most important fruit crop in tropical and subtropical regions. India is world’s leading mango producer and it occupies 35.4 per cent (2.31million ha) of total area among the fruit crops with 23.1 per cent (22.35 million MT) production share. However, the average productivity (9.3 t ha-1) of mango is very low compared to Utter Pradesh (17.63 t ha-1); it indicates that, there is huge potential in increasing productivity of mango (NHB, 2018). 

However, over the years, its productivity has declined due to several biotic and a-biotic factors. Out of several those factors responsible, water and nutrient management are most important factors that significantly influence productivity, even though mango trees are tolerant to drought and occasional flooding. Water stress during the critical stages of fruit growth and development adversely affects the mango productivity (Thirupathaiah et al, 2022). In this context, water and nutrient management is utmost important for sustainable crop production. Apart from the economic considerations, it is well known that the adverse effects of injudicious use of water and fertilizers can also have implications on the environment. There is thus, a need for technological interventions that will help in minimizing the use of these precious resources and maximizing crop production, without any detrimental impact on the environment.

Among the various techniques of water application, the drip/trickle irrigation system has proved its superiority in fruit crops, owing to precise and direct application of water in the root zone without wetting the entire area (Sanjeev et al, 2015). The drip system synchronizes the plant water requirement and maintains an optimum soil moisture status around the vicinity of plant roots. The technology holds great potential in water scarce areas having shallow and coarse textured soils. Further, the also fertigation offers a vast potential for more accurate and timely crop nutrition. Other advantages of fertigation lie in the saving of fertilizers and labour, uniform distribution of nutrients, the minimum leaching and volatilization loses higher fertilizer use efficiency besides higher crop yields (Sanjeev et al, 2015).
Low mango yields in Telangana are may be due to inadequate irrigation and poor nutrient management. Despite 906.6 mm of annual rainfall, 80% occurs during the monsoon (July-September), causing pre- and post-monsoon water stress. Undulating topography, shallow soils, and poor water and nutrient retention worsen the issue, reducing the efficiency of conventional fertilization methods. Adopting rainwater harvesting and efficient irrigation systems like drip or sprinkler, combined with water-soluble fertilizers for fertigation, can address these challenges. Drip irrigation alters nutrient distribution in soil compared to conventional methods, impacting crop response. Mulching further enhances yield and quality by improving soil moisture, nutrient uptake, and reducing irrigation needs (Rashmi, 2017; Thirupathaiah et al, 2022). Further, Limited research exists on the combined effects of drip irrigation, fertigation, and mulching in mango orchards of Telangana. Therefore, a study was conducted to evaluate the impact of irrigation and fertigation scheduling, along with mulching, on fruit growth, yield, and quality of mango cv. Banganpalli.

Materials and Methods

The field experiment was conducted during two successive years (from 2017 to 18 and 2018 to 19 was executed in the private mango orchard at Sathapur (Kollapur area, Nagarkurnool- Dist.) and the experimental farm is located at 16° 30' N latitude and 78° 19' E longitude at an elevation of 550 m above MSL, representing Southern Telangana zone, is mainly covered by red sandy soil, is locally known as ' Chelka soils'. The experimental soil was red sandy loam soil, with good drainage as well as moderate water holding capacity and the soil properties of experimental site mentioned in Table-1. Representative soil samples from the experimental plots were drawn from 0-45 cm depth from the wetting zone separately and dried under shade. The initial soil samples were used to determine its physical and chemical properties of soil before starting of experiment. The initial (Table-2) and final leaf analysis made by collecting of  mango leaves (20-30) from the leaves situated at fourth and fifth position from terminal bud of recently matured shoots (Tandon, 1993).

Experimental design and applications 

The present experiment conducted over two years with 16 treatments replicated thrice, it includes four irrigation (basin irrigation at 1.2 m³/plant every 10 days, drip at 75%, 100%, 125% ETc daily) and for fertilization initial 50 kg farm yard manure, 500:1000:500 g of NPK per plant applied as basal dose through soil during third week of June and the remaining 500 g of N&K fertilizers made into four fertilization levels (500 g N&K via soil post-fruit set, 250, 375, 500 g of N&K per plant via fertigation in three equal doses at 15-day intervals post-fruit set) and all the plants were mulched with silver colored polyethylene of 100 microns. Drip irrigation - Irrigation was scheduled by calculating crop evapotranspiration rate (ETc) using pan evaporation measurements adjusted by crop coefficient and the irrigation water requirement was estimated by Pan “A” evaporation method, where the daily water requirement was calculated using the formula (Shukla et al., 2001):

V = Ep. Kp. Kc. Sp. Sr. Wp (Shukla et al, 2001)
Where, 

V = Volume of water required (litters day-1 plant-1), 

Ep = Pan evaporation as measured by Class-A pan evaporimeter mm day-1. 

Kc = Crop co-efficient (co-efficient depends but for fully grown plants is 0.85) 

Kp = Pan co-efficient (0.7) 

Sp = Plant to plant spacing (m) Sr = Row to row spacing (m) 

Wp = Fractional wetted area (0.3 for wider spaced crops)
Measurements and Analysis

List 1 : Methods to be used for soil, leaf and fruit analysis

	Soil analysis
	Methods to be used

	Organic carbon (%)
	Modified Walkley and Black Method; Jackson (1967)

	Available nitrogen (kg ha-1)
	Alkaline Potassium Permanganate method (Jackson, 1967)

	Available phosphorous (kg ha-1)
	Olsen’s Method (Jackson, 1967)

	Available potassium (kg ha-1)
	Flame photometry method (Jackson, 1967)

	Leaf analysis
	Methods to be used

	Nitrogen (%)
	Modified Kjeldahl's digestion method (Jackson, 1967)

	Phosphorus (%)
	Vanado-molybdo-phosphoric yellow colour method in nitric acid system (Jackson, 1967)

	Potassium (%)
	Flame photometric determination (Jackson, 1967)


Soil moisture content (%)

In order to study the soil moisture content under drip irrigation and conventional method, moisture content was determined using PDSR soil moisture sensor before starting the irrigation and the Soil moisture content was  estimated at a lateral distance of 30 cm away from the emitter. Under conventional surface irrigation, soil moisture was recorded at 120 cm away from the tree trunk with the help of digital soil moisture meter (PDSR soil moisture sensor Plate 5). Average values of soil moisture were computed for different crop growth stages.

	
	


Fig 1:  Measurement of soil moisture with PDSR soil moisture sensor

(Measurement range: 0% to 50% moisture content of soil sample with 0.1% resolution.)

Water Use Efficiency (WUE kg m-3)

Water use efficiency (WUE) was computed from the following formula and has been expressed as kg m-3 water (Víctor et al., 2019).



Where;

Y- Yield (kg)

TWA- Total amount of water applied (m-3)

Fertilizer use efficiency (FUE kg kg-1)
The fertilizer use efficiency (FUE) was computed from the following formula and has been expressed as kg kg-1 (Srivastava and Malhotra  2017).

	Fertilizer use efficiency (kg kg-1)=  Fruit yield in treated plant/The amount of  nutrient applied


Statistical analysis 
With P ≤.05, two-way analysis of variance was performed using SPSS version 25 on the physical and chemical characteristics of post-soil, growth, and yield parameters to test the aftermath of treatments as categorical predictors. Duncan Multiple Range Test (DMRT) was used to distinguish means that were significantly different at P ≤ 0.05.
Results
Available nitrogen, phosphorus and potassium (NPK Kg ha-1)

The combined application of irrigation and fertilization has shown significant difference on available nitrogen content on mango cv. Banganpalli (Table 3). The maximum available nitrogen content was recorded with basin irrigation-500 g of N and K through soil application which was on par with basin irrigation-250 and 375 g of N and K through fertigation plant-1 (253.2 and 252.2 Kg ha-1, respectively), whereas the minimum available nitrogen was recorded in plant applied with 125 % ETc -250 g of N and K through fertigation plant-1,  100 % ETc +250 g of N and K through fertigation plant-1 and 100 % ETc +500 g of N and K through fertigation plant-1 (202.2, 207. 2 and 218.6 Kg ha-1, respectively ). The interactions between irrigation and fertilization treatments have shown significant difference on available phosphorus content on mango cv. Banganpalli (Table 3). The maximum available phosphorus content was recorded with 75 % ETc +500 g of N and K through soil application plant-1  which was on par with 125 % ETc +500 g of N and K through soil application plant-1 (18.44 and 16.95 Kg ha-1, respectively), whereas the minimum available phosphorus was recorded in plant applied with 125 % ETc +375 g of N and K through fertigation plant-1,  100 % ETc +500 g of N and K through fertigation plant-1 , 75 % ETc +375 g of N and K through fertigation plant-1 and 100 % ETc +375 g of N and K through fertigation plant-1 (10.91, 11.08, 11.25 and 11.55 Kg ha-1, respectively ).The interactions effect of irrigation and fertilization treatments have also shown significant difference on available potassium content on mango cv. Banganpalli. The maximum available potassium content was recorded with 75 % ETc +500 g of N and K through soil application plant-1  (301.3 Kg ha-1), whereas the minimum available potassium was recorded in plant applied with  125 % ETc replenishment + 500 g of N and K through soil application plant-1, 125 % ETc +250 g of N and K through fertigation plant-1 and  125 % ETc +375 g of N and K through fertigation plant-1 (153.6, 15.0 and 157.8 Kg ha-1, respectively ).

Leaf NPK (%)

The combined application of irrigation and fertilization has shown significant difference on leaf NPK (%) content on mango cv. Banganpalli (Table-4). The maximum leaf NPK (%) content was recorded with application 125 % ETc +250 g of N and K through fertigation plant-1 and  125 % ETc +375 g of N which was on par with K through fertigation plant-1 (1.09: 0.23:0.97 and 1.0:0.22:0.97 % NPK, respectively ), whereas the minimum leaf NPK (%) content was observed in plant applied with basin irrigation -250 g of N and K through fertigation plant-1 which was on par with 125 % ETc +250 g of N and K through fertigation plant-1 (0.65:0.13:0.64 and 0.66: 0.14:0.57 % NPK, respectively ).

Soil moisture content (%)

The interaction between irrigation and fertilization had significant difference on soil moisture content among the treatments during different fruit development phases (Figure-1). However the maximum soil moisture content (20.5 %) was recorded with application of 125 % ETc + 500 g N and K through soil which was on par with (20.9 %) followed by application of 125 % ETc + 375 g N and K through fertigation (19.5 %) while the lowest soil moisture content (8.9 %) was recorded with application of 75 % ETc + 500g N and K through fertigation at fruit 30% of its final stage (end of physiological fruit drop). Similarly fruit at fruits are 50% of final its size and fruits are physiological mature and fully developed stage also resulted the higher soil moisture content (20.9 and 20.8%, respectively) was noticed with application of 125% ETc + 250 g N and K through fertigation and which was on par with application of 125% ETc + 500 g N and K through soil (20.5 and 20.6 %) treatment, while the minimum soil moisture content (8.9 and 8.0%) was noticed in plants applied with 75% ETc + 500g N and K through fertigation.

Fruit yield parameters (Fruit weight, number of fruits and fruit yield per tree)
The average change in fruit weight of mango cv. Banganpalli has significantly increased with increased level of irrigation and fertigation treatment combinations along with mulching (Figure-2). The maximum fruit weight  were observed with application of 125% ETc + 375 g of N and K through fertigation (504.5 g) fallowed by  with application of 100 % ETc + 500 g of N and K through fertigation (465.0 g)and the minimum fruit weight was recorded with  application of 125 % ETc + 500 g of N and K through soil (341.0 g). 

The maximum number of fruit and fruit yield tree-1 was recorded with application of 125 % ETc + 500 g of N and K through fertigation (364, 178 kg tree-1, respectively ) which was on par with application of  100 % ETc + 500 g of N and K through fertigation (331, 175 kg tree-1, respectively) 125% ETc + 375 g of N and K through fertigation (317, 174 kg tree-1, respectively), 100% ETc + 375 g of N and K through fertigation (329, 164 kg tree-1, respectively) and 75% ETc + 500 g of N and K through fertigation (303, 161 kg tree-1, respectively) and the minimum fruit and fruit yield tree-1 were observed in basin irrigation + 250 g of N and K through fertigation (165, 57 kg tree-1) and basin irrigation + 500 g of N and K through soil application (181, 72 kg tree-1) (figure-3&4). 
Fruit quality parameters (firmness and shelf life)
The data revealed that there was significant difference among different levels of irrigation and fertilization treatment interactions with respect to fruit firmness of mango cv. Banganpalli on 12th day of storage (Figure-5). The maximum fruit firmness was recorded with application of 125 % ETc + 75% N and K through fertigation (3.3 kg cm-2) which was on par with application of 100 % ETc + 75% of N and K through fertigation (3.1 kg cm-2), control + 75% of N and K through fertigation (I1F3) (3.1 kg cm-2) and control + 100% of N and K through soil (I1F1) (3.0 kg cm-2). However, the minimum fruit firmness content in fruits was recorded with application of control + 50% of N and K through fertigation I1F2 (0.3 kg cm-2).

The data revealed that there is significant difference among different interaction between irrigation and fertilization with respect to shelf life of mango cv. Banganpalli (Figure-6). The maximum shelf life was noticed in application of 100 % ETc + 100% N and K through fertigation (14.75 days), which was on par with application of 125 % ETc + 75% of N and K through fertigation (14.45 days) and 125 % ETc + 100% of N and K through fertigation (14.00 days) However, the minimum shelf life was observed in application of 75 % ETc + 50% of N and K through fertigation (10.58 days). 

Water and nutrient use efficiency 
The data revealed that there is significant difference among different interactions of irrigation and fertilization treatments with respect to water use efficiency (kg m-3) of mango cv. Banganpalli (Table-5). The maximum water use efficiency (WUE) was recorded in application of 75% ETc along with fertigation of 500 g of N and K (13.33 kg m-3) followed by 75% ETc along with fertigation of 375 g of N and K (11.15 kg m-3) which was on par with application of 100% ETc along with fertigation of 500 g of N and K (10.84 kg m-3) and 100 % ETc along with fertigation of 375 g of N and K (10.19 kg m-3). The minimum water use efficiency (WUE) was recorded in basin irrigation + 250 g of N and K through fertigation (3.76 kg m-3).

The interaction of different irrigation and fertilization along with mulching has shown significant difference on nitrogen and potassium use efficiency (N&K UE) of mango cv. Banganpalli (Table-5). The maximum nutrient use efficiency was observed with application 125% ETc and 500 g N and K through fertigation (226.50 kg kg-1) which was on par with application of 100% ETc +375 g  N and K through fertigation  (214 kg kg-1) which was also on par with application of 125% ETc + 500 g N and K through fertigation (178 kg kg-1), 75% ETc +375 g N and K through fertigation (175.79) and 75% ETc +500 g N and K through fertigation (161 kg kg-1). The minimum NUE was obtained in control +500 g N and K through soil application (101 kg kg-1).

DISCUSSION 
Impact of soil, leaf nutrient dynamics and moisture content of mango with combined application of irrigation and fertilization along with mulching

The combined application of irrigation, fertilization, and mulching significantly influenced the leaf nutrient dynamics and moisture dynamics of mango. Among the treatments, applying 125% ETc with 375 g of N and K through fertigation per plant resulted in low available NPK but the highest leaf nutrient content. This could be attributed to the same treatment achieving the maximum yield (174 kg tree⁻¹) (Figure 4), as plants likely absorbed the available nutrients to support increased biomass production. Additionally, nutrient supplementation through fertigation in three split doses, combined with increased drip irrigation along with mulching, likely enhanced the efficient utilization of available nitrogen and potassium (226.50 kg ha⁻¹) (Table 5). The combined application of irrigation, fertilization, and mulching also increased moisture availability (Figure 1), which may have reduced residual soil nutrient availability. . Furthermore, the proper supply of fertilizer with adequate water application minimized leaching losses of soluble nutrients compared to conventional methods (Raina et al, 2011). In contrast, basin irrigation with 250 g of N and K through fertigation per plant recorded the highest available nitrogen. This may be due to inadequate soil moisture availability (9.0–10.5%) (Figure 1), which likely hindered optimal nutrient utilization. Furthermore, the proper supply of fertilizer with adequate water application minimized leaching losses of soluble nutrients compared to conventional methods (Raina et al, 2011). Similar findings were reported by Barman et al. (2017) in guava cv. Lalit, Raina et al. (2011) in apricot, and Harish et al. (2017) in sweet orange cv. Mosambi.

Influence of Integrated Irrigation, Fertilization, and Mulching on mango fruit yield attributes.

The interaction between irrigation and fertilization treatments showed statistically significant differences among the treatments. The highest fruit weight, greatest number of fruits, and maximum fruit yield per tree were recorded with increased levels of irrigation and fertigation combined with mulching. This could be attributed to the synergistic effect of optimal irrigation, fertigation, and mulching, which enhanced soil water content (Figure 1) and nutrient availability (Table 3). The increased soil water and nutrient availability likely facilitated greater nutrient uptake, leading to higher leaf nutrient reserves (Table 4) compared to conventional irrigation and fertilization methods. This, in turn, likely improved the water and nutrient use efficiency (Table 5) in the present study. Furthermore, the enhanced nutrient reserves likely promoted photosynthesis, accumulation of photosynthates, plant growth regulators, and other essential compounds. The increased physiological activities, including the production of photosynthates and plant growth regulators such as auxins and cytokinins, may have triggered cell division and elongation (Ram, 1992; Joshi et al., 2011). These enhanced physiological processes ultimately led to improved fruit physical properties in the present investigation. Similar findings were reported by Rashmi et al. (2007) in mango cv. Dashehari, Singh et al. (2005) in papaya, and Thakur and Singh (2004) in mango cv. Amrapali.
Impact of Integrated Irrigation, Fertilization, and Mulching on fruit quality attributes of Mango
The data showed significant differences among various irrigation and fertilization treatment interactions regarding fruit firmness and shelf life of mango cv. Banganpalli. The greatest fruit firmness and longest shelf life were recorded with the application of 100% ETc combined with 375 g of N and K through fertigation and mulching. The enhanced fruit firmness and shelf life at higher irrigation and fertigation levels can likely be attributed to optimal irrigation, which promoted efficient nutrient mineralization and mobilization. Additionally, split fertilizer applications ensured consistent nutrient availability, enhancing photosynthate accumulation through an increased photosynthetic rate. This supported cell integrity, thereby extending fruit shelf life in this study. The same treatment also significantly increased nutrient reserves (Table 3), likely due to improved nutrient uptake via fertigation compared to traditional fertilization methods. Higher soil moisture and nutrient reserves likely enhanced photosynthesis, leading to greater synthesis of food reserves. These reserves likely supported the production of pectin compounds, which maintain cell integrity, ultimately improving fruit quality by increasing fruit firmness (Figure 4), reducing chlorophyll degradation, and lowering respiration rates. Collectively, these factors significantly extended the shelf life of mango fruits in this study. Similar findings were also earlier reported by Junaid et al. (2013) in guava.

Effect of Combined Irrigation, Fertilization, and Mulching on Mango water and nutrient use efficiency

The water and nutrient use efficiency of mango cv. Banganpalli was significantly enhanced with increased levels of drip irrigation and fertigation combined with mulching, compared to basin irrigation and soil-applied N and K fertilizers with mulching. The improved water and nutrient use efficiency under drip irrigation, fertigation, and mulching can likely be attributed to sufficient soil moisture availability (Figure 1) during the fruit development stage. Moreover, frequent irrigation combined with mulching minimized soil moisture depletion at the same soil depth, creating an optimal soil-plant-atmosphere environment. Additionally, the mobility of N and K is significantly higher when delivered through fertigation compared to broadcasting (Neilsen et al, 2003; Bangar and Chaudhari, 2004). This likely contributed to increased fruit yield (Figure 4) by enhancing nutrient use efficiency (Table 5), ultimately resulting in greater water and nutrient use efficiency (WUE and N&KUE) compared to basin irrigation and soil fertilization in this study. Comparable results were reported by Barman et al. (2017) in guava cv. Lalit, Pankaj (2013) in Assam lemon, and Kumawat et al. (2019) in guava cv. Lalit.

Conclusion

The combined application of drip irrigation, fertigation, and mulching significantly enhanced the performance of mango cv. Banganpalli across multiple parameters. The treatment involving 125% ETc with 375 g of N and K through fertigation and mulching maximized fruit yield (174 kg tree⁻¹) and leaf nutrient content, despite lower soil NPK availability, due to efficient nutrient uptake and increased biomass production. Similarly, the application of 100% ETc with 375 g of N and K via fertigation and mulching resulted in superior fruit firmness and extended shelf life, driven by optimal soil moisture, enhanced photosynthesis, and pectin synthesis, which supported cell integrity. The synergy of frequent irrigation, split fertilizer applications, and mulching minimized nutrient leaching and soil moisture depletion, creating an optimal soil-plant-atmosphere environment that significantly improved water and nutrient use efficiency compared to conventional basin irrigation and soil fertilization methods. These findings, consistent with prior studies, underscore the efficacy of integrated irrigation, fertilization, and mulching in optimizing mango yield, fruit quality, and resource use efficiency.
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Table 1: Initial physical and chemical properties of experimental soil
	Particulars
	Value for 0-60 cm depth

	A. Physical properties

	Sand (%)
	70

	Silt (%)
	19

	Clay (%)
	11

	Textural class
	Red sandy loam

	B. Chemical properties

	pH 
	7.5

	Electrical conductivity (dS m-1 at 25(C)
	0.33

	Organic carbon (%)
	0.56

	Available N (kg ha-1 )
	185

	Available P2O5 (kg ha-1 )
	23

	Available K2O (kg ha-1 )
	240


Table 2: Initial leaf NPK (%) content of experimental plants
	Initial leaf NPK (%) content of mango cv. Banganpalli 

	Nitrogen (N %)
	0.75

	Phosphorus (P %)
	0.12

	Potassium (K %)
	0.75


Table 3: Interaction effect of irrigation, fertigation along with mulching on available soil nitrogen, phosphorus and potassium (NPK) content (kg ha-1)

	Treatments
	Available soil NPK (kg ha-1)

	
	N
	P 
	K 

	Basin irrigation-500 g of N and K through soil application per plant 
	252.2a
	16.56b
	282.0b

	Basin irrigation-250 g of N and K through fertigation per plant
	253.2a
	16.52b
	214.2de

	Basin irrigation-375 g of N and K through fertigation per plant
	251.3ab
	14.17cd
	209.5de

	Basin irrigation-500 g of N and K through fertigation per plant
	226.2cd
	15.37bc
	232.9c

	75 % ETc replenishment -500 g of N and K through soil application per plant
	222.5cde
	18.44a
	301.3a

	75 % ETc replenishment-250 g of N and K through fertigation per plant
	238.4abc
	16.13b
	213.9d

	75 % ETc replenishment-375 g of N and K through fertigation per plant
	232.0abc
	11.24ef
	201.6ef

	75 % ETc replenishment-500 g of N and K through fertigation per plant
	222.8cde
	12.91de
	199.6ef

	100 % ETc replenishment -500 g of N and K through soil application per plant
	239.0ab
	16.46b
	279.6b

	100 % ETc replenishment-250 g of N and K through fertigation per plant
	207.8de
	15.77b
	221.5cd

	100 % ETc replenishment-375 g of N and K through fertigation per plant
	225.6cd
	11.55ef
	199.3ef

	100 % ETc replenishment-500 g of N and K through fertigation per plant
	218.6cde
	11.08ef
	184.5fg

	125 % ETc replenishment -500 g of N and K through soil application per plant
	235.4ab
	16.95ab
	153.6h

	125 % ETc replenishment-250 g of N and K through fertigation per plant
	202.2e
	14.19c
	154.0h

	125 % ETc replenishment-375 g of N and K through fertigation per plant
	223.5cde
	10.91f
	157.8h

	125 % ETc replenishment-500 g of N and K through fertigation per plant
	230.7b
	11.28ef
	181.9g

	CD (p ≤ 0.05)
	22.4
	1.56
	17.2


Note: Letters indicate significant differences (p ≤ 0.05).

Table 4: Interaction effect of irrigation, fertigation along with mulching leaf nitrogen, phosphorus and potassium (NPK) content (%)

	Treatments
	Leaf NPK content (%)

	
	N 
	P
	K 

	Basin irrigation-500 g of N and K through soil application per plant 
	0.78efg
	0.13e
	0.79bc

	Basin irrigation-250 g of N and K through fertigation per plant
	0.65h
	0.13e
	0.64ef

	Basin irrigation-375 g of N and K through fertigation per plant
	0.88cd
	0.17cde
	0.84b

	Basin irrigation-500 g of N and K through fertigation per plant
	0.97bc
	0.21abcd
	0.86b

	75 % ETc replenishment -500 g of N and K through soil application per plant
	0.85def
	0.16cde
	0.66e

	75 % ETc replenishment-250 g of N and K through fertigation per plant
	0.68h
	0.28a
	0.63ef

	75 % ETc replenishment-375 g of N and K through fertigation per plant
	0.96bc
	0.20bcd
	0.86bc

	75 % ETc replenishment-500 g of N and K through fertigation per plant
	1.05ab
	0.23abc
	0.97a

	100 % ETc replenishment -500 g of N and K through soil application per plant
	0.75gh
	0.14de
	0.69d

	100 % ETc replenishment-250 g of N and K through fertigation per plant
	0.66h
	0.16cde
	0.69d

	100 % ETc replenishment-375 g of N and K through fertigation per plant
	0.89bc
	0.21abcd
	0.81b

	100 % ETc replenishment-500 g of N and K through fertigation per plant
	0.93bc
	0.23abc
	0.88b

	125 % ETc replenishment -500 g of N and K through soil application per plant
	0.89bc
	0.16ce
	0.77cd

	125 % ETc replenishment-250 g of N and K through fertigation per plant
	0.66h
	0.14de
	0.57f

	125 % ETc replenishment-375 g of N and K through fertigation per plant
	1.00a
	0.22ab
	0.97a

	125 % ETc replenishment-500 g of N and K through fertigation per plant
	1.09a
	0.23abc
	0.97a

	CD (p ≤ 0.05)
	0.09
	0.07
	0.08


Note: Letters indicate significant differences (p ≤ 0.05).

Table 5: Interaction effect of irrigation, fertigation along with mulching water use efficiency (WUE), nitrogen and potassium use efficiency (N&KUE)
	Treatments
	WUE

(kg m-3) 
	N&KUE (kg yield kg-1 N&K)

	Basin irrigation-500 g of N and K through soil application per plant 
	4.73de
	72d

	Basin irrigation-250 g of N and K through fertigation per plant
	3.76e
	101c

	Basin irrigation-375 g of N and K through fertigation per plant
	5.21d
	103c

	Basin irrigation-500 g of N and K through fertigation per plant
	6.78de
	103c

	75 % ETc replenishment -500 g of N and K through soil application per plant
	7.71cd
	93cd

	75 % ETc replenishment-250 g of N and K through fertigation per plant
	8.46c
	181b

	75 % ETc replenishment-375 g of N and K through fertigation per plant
	11.15b
	176b

	75 % ETc replenishment-500 g of N and K through fertigation per plant
	13.33a
	161b

	100 % ETc replenishment -500 g of N and K through soil application per plant
	4.77de
	77d

	100 % ETc replenishment-250 g of N and K through fertigation per plant
	5.71ed
	164b

	100 % ETc replenishment-375 g of N and K through fertigation per plant
	10.19b
	214a

	100 % ETc replenishment-500 g of N and K through fertigation per plant
	10.84b
	175b

	125 % ETc replenishment -500 g of N and K through soil application per plant
	3.94e
	79de

	125 % ETc replenishment-250 g of N and K through fertigation per plant
	4.66de
	167b

	125 % ETc replenishment-375 g of N and K through fertigation per plant
	8.62c
	227a

	125 % ETc replenishment-500 g of N and K through fertigation per plant
	8.84c
	178b

	CD (p ≤ 0.05)
	1.22
	22.3


Note: Letters indicate significant differences (p ≤ 0.05).
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Figure 2: Interaction effect of irrigation, fertigation along with mulching on moisture content in the field of mango cv. Banganpalli [Data based on PDSR soil moisture sensor readings - at fruits are 30% of final size, 50% of final size and physiological mature and fully developed stage].

[image: image2.png]— ermen g
< usnouyy paijdde 3 pue N (3005) % 00T 2
uonesiuay Mm 2
aI ysnoayypaiddey pueN (8 52€) % s 3 m
& I e Sz
& usnoayy paijdde i pue N (805z) %05 L g
Jlos ysnouyy m
T paydde > pue N (8 00S) % 00T il
uopediuay =
< y8nouyy paijdde 3 pue N (8005) % 00T o
uoesiuay Mm 2
-
usnou paidey pueN (Bs/e) s 3 §
- uonesipay m W
- usnoauy paiidde y pue N (8057) %05 & g
- Jlos ysnouyy W
= ., o pue (5 005) % 00T =
uonesipay -
B ySnodus paijdde 3 pue N (8 005) % 00T n\av
o uonesiuay Mm 2
© I ysnouyy paidde y pue N (8 52€) % G2 3 m
c £
- uopediuay m =
I ysnouyy paydde i pue N (8052) %05 | T
ES
= Jlos ysnouyy "
x| paiidde s pue N (8 00S) % 00T ~
- uonesiuay 3 9.
© I ysnoayy paijdde 3 pue N (8 00S) % 00T y m
° uonesipay W m
L y8nouy: paidde i pue N (85/e) % S. 5 &
8 2
& I o 4
P ]
il ysnouyy paydde y pue N (80s2) %05 £ =
2%
Jlos ygnodyy m o
o g

i

pajidde 3 pue N (8005) % 00T

400 -
300 -
200 -
100 -
04

g 3

(3) y31am 1Ny 281y




Figure 3: Interaction effect of irrigation, fertigation along with on average fruit weight (g) of mango cv. Banganpalli
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Figure 4: Interaction effect of irrigation, fertigation along with mulching on average number of fruit tree-1 of mango cv. Banganpalli
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Figure 5: Interaction effect of irrigation, fertigation along with mulching on average fruit yield (kg tree-1) of mango cv. Banganpalli
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Figure 6: Interaction effect of irrigation, fertigation along with mulching on fruit firmness (kg cm-2) on 12th day fruit harvest of mango cv. Banganpalli
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Figure 7: Interaction effect of irrigation, fertigation along with mulching on shelf life (days) of mango cv. Banganpalli
WUE= Y/TWA












