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Influence of Sensor based Drip Irrigation and Nitrogen Management on Soil Parameters of Mulberry Garden 
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ABSTRACT

	Aim: India, the world’s second largest silk producer (40.44%), still faces sericulture expansion challenges due to limited land and freshwater availability for mulberry. Although drip irrigation is widely practiced, the systems themselves cannot determine when or how much to irrigate, which often leads to under- or over-irrigation by the farmer. A field experiment was conducted to study the effect of sensor based drip irrigation and nitrogen management on soil nutrient parameters of mulberry garden.
Study design:  There were nine treatment combinations comprising of three different drip irrigation and nitrogen management methods, replicated three times and laid out in strip plot design.
Place and Duration of Study: The field experiment was conducted during 2022-2023 at Department of Sericulture, University of Agricultural Sciences, GKVK, Bangalore.
Methodology: In conventional drip irrigation, the irrigation was scheduled based on irrigation water/cumulative pan evaporation (IW/CPE) approach whereas in Yellow SMI (YSMI) based drip irrigation, the irrigation was scheduled based on soil moisture sensor and in soil moisture sensor based drip Irrigation, irrigation was scheduled using soil moisture depletion approach. The soil properties were analyzed before and after the experiment by following standard procedures. Data generated were subjected to ANOVA using O.P stat software.
Results: The results showed that sensor based drip irrigation (16.22 ha cm) can save 12.32% of water when compared to conventional drip irrigation (18.50 ha cm) in mulberry. The significantly higher available nitrogen (270.37 kg ha-1), phosphorous (49.78 kg ha-1) and potassium (170.98 kg ha-1) were recorded in sensor based drip irrigation @ 50% DASM applied plots whereas significantly higher calcium (5.87 c. mol/kg) and magnesium (1.91 c. mol/kg) content were recorded in sensor based drip irrigation @ 50% DASM and conventional drip irrigation @ 0.8 CPE plots respectively. The micronutrients such as iron and manganese significantly increased with respect to 100% RDN application.
Conclusion: Sensor based drip irrigation at 50% DASM with NDVI based nano urea application has shown better results on soil primary and secondary nutrient status and also water productivity of mulberry. This proposed system not only reduces labour on irrigation but also eradicates the difficulties faced by the farmers due to delay in onset of monsoon. 
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1. INTRODUCTION
India, the world’s second largest producer of silk, accounting for about 40.44 per cent of global raw silk output. The nation’s raw silk production has shown steady growth rising from 31,906 MT in 2017-18 to 38,913 MT in 2023-24. Among various types of silk, mulberry silk holds the dominant position, contributing nearly 76.81 per cent of India’s total silk output and for Bombyx mori the only food sources is Morus spp. (International Sericultural Commission, 2025). Unlike many other crops, mulberry plants are particularly sensitive to both water stress and waterlogging, making irrigation management a delicate balancing act. Most of the mulberry gardens in southern India are irrigated and the major source of irrigation water for mulberry is bore wells. The groundwater table in most of the sericulture areas of south India is depleting year by year (Verma and Bindroo, 2014).
Of the 143 million hectares of cultivated land in India, about 39 million hectares are irrigated through groundwater wells, while an additional 22 million hectares rely on canal irrigation (Vibha Dhawan, 2017). At a global scale, the 2023 United Nations World Water Development Report (WWDR) highlighted that freshwater use has been rising by nearly 1 per cent annually over the past four decades and is projected to continue at a similar rate until 2050. Consequently, the annual water requirement of mulberry for five crop cycles is about 75 acre-inches, which is equivalent to 1,875 mm of evenly distributed rainfall approximately 36 mm per week or 5-6 mm per day. However, in India, nearly 80 per cent of the area is having an average annual rainfall of 1,160 mm (Lal, 2001 and Gupta and Deshpande, 2004) occurs within just 4–5 months, making rainfall alone insufficient to meet the water demand for mulberry cultivation.
Even though drip irrigation is practiced widely, the system cannot decide when to irrigate and how much to irrigated ultimately it leads under irrigation or over irrigation by the farmer. In recent days, automation of irrigation systems has been explored as a water-saving strategy in agriculture (Panigrahi et al., 2019). A sensor based drip irrigation system is developed for mulberry with help of Cultyvate®. The developed soil moisture sensor assessed the soil moisture levels based on the percentage depletion of available soil moisture (DASM), ensuring timely and judicious irrigation. The automatic irrigation system utilizes the solar powered solenoid valves with controls to turn on or off the value that regulate the water flow. The entire communication system managed under an irrigation control framework, which utilizes the Android and GSM mobile applications for efficient use of water and manpower. 
Apart from irrigation in mulberry cultivation, Nitrogen Use Efficiency (NUE) is equally important as mulberry leaves serve as the exclusive source of nutrition for silkworm growth and development. Approximately 70 per cent of the proteins incorporated into silk are derived directly from mulberry foliage (Umesha and Sannappa, 2014). Whereas, the urea utilization efficiency is relatively low, leading to substantial nitrogen losses and associated environmental concerns such as nitrate leaching and nitrous oxide emissions (Lawrencia et al., 2021; Goutam et al., 2023). This makes precision nutrient management of mulberry plantations essential for optimal silkworm performance.
Now a days, improved gadgets are used to determine the nitrogen status of the crop. One such ground-based active remote sensors, commonly referred to as crop canopy sensor has been developed to estimate the Normalized Difference Vegetation Index (NDVI), an indicator of crop health and nitrogen status. A notable example is the GreenSeeker system, which integrates NDVI measurements with variable-rate application technology to evaluate crop nitrogen needs and so as to deliver precise fertilizer inputs accordingly. Giora et al. (2022) investigated the possibility of using satellite imaging (NDVI indices) to monitor leaf harvesting in mulberry (Morus alba L.) and quantitative parameters on silk cocoon production. NDVI-based sensors detect nitrogen stress by measuring the spectral response of plant canopies in the visible and Near-Infrared Regions (NIR) (Puneet, 2011). The GreenSeeker-based precision N management for site-specific, in-season fertilizer decisions could improve yield efficiency (Farid et al., 2022).
Therefore, by keeping above aspects and the importance of resource-use efficiency in sericulture viz., WUE and NUE the experiment is taken up with the following objective of effect of sensor based drip irrigation and nitrogen management on soil nutrient parameters of mulberry garden.

2. material and methods 
2.1 Experimental site
Field experiment was carried out during summer 2022-2023 at the Department of Sericulture, University of Agricultural Sciences, Gandhi Krishi Vigyan Kendra, Bangalore. The experimental site is located in the Eastern Dry Zone (zone-5) of Karnataka at 12°58′ N latitude and 77°35′ E longitude and at an altitude of 930 m above mean sea level. The soil of the experimental plot is clay loam texture. During field experiment, the precipitation varied at 17.35% higher in 2023 compared to average climatic value of last 50 years. The average humidity value 0.5% higher in 2023. Similarly, the average high temperature showed a gradually increasing trend, that is 0.1°C higher than corresponding average climatic value. Conversely the average wind speed was 3 Kmph lesser when compared to average climatic value of last 50 years. The PET value showed a value of 4.8 which is 0.7 mm higher than average PET value of last 50 years.
2.2 Treatments and layout
The variety Victory-1 (V1), which is the ruling mulberry variety of south Indian states is selected. Automatic irrigation was scheduled using soil moisture sensor in mulberry. There were nine treatment combinations comprising of three different drip irrigation and nitrogen management methods, replicated three times and laid out in strip plot design. In the experimental design, Horizontal factor included irrigation management methods such as conventional drip irrigation @ 0.8 CPE (I1), yellow soil moisture (SMI) indicator-based irrigation (I2) and sensor based drip irrigation @ 50% DASM (I3), whereas vertical factor includes nitrogen management methods viz. included no nitrogen (N1) (control), 100% recommended dose of nitrogen (RDN) (N2) and NDVI based nano urea application (N3). Soil water sensor based irrigation was performed at 50% DASM in the top 0.3m soil layer.
In Yellow SMI based drip irrigation (I2), the soil moisture sensor was installed in plot, whenever the indicator shows yellow LED, it indicates that Low moisture is available, irrigation is necessary, the irrigation is started manually through drip, till it shows blue LED, which is ample moisture available, no need of further irrigation. 
Further, under vertical factor, NO nitrogen application (N1), 100% RDN application (N2) is given along with other standard packages of practices for mulberry and NDVI based Nano urea application is carried out with help of Green seeker instrument which works on  optical  sensor  technology by emitting and measuring the reflection of light at two specific wavelengths one in the visible spectrum (660 nm) and other in the  near-infrared  spectrum  (770  nm).  Measured spectral   reflectance   is   expressed   as   spectral vegetation indices such as NDVI. These values typically range from 0 to 1, higher value indicating healthier and nitrogen rich vegetation Rouse et al. (1974).
Sensor based irrigation works on principal of resistance which is given below.
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2.3 Estimation of chemical properties of soil
2.3.1 Soil characteristics
The initial soil samples were collected randomly at a depth of 0 to 45 cm to have a composite soil sample before start of the experiment. The soil of the experimental plot was having clay loam in texture, pH was neutral with electrical conductivity being normal, soil organic carbon, available nitrogen was low, whereas phosphorus and potassium in medium range. The soil analysis data are presented in Table 1.
Table 1: Initial soil characteristics of the experimental site
	Particulars 
	Values 

	Soil pH (1:2.5)
	7.34

	Electrical conductivity (dS m-1)
	0.25

	Organic carbon (%)
	0.47

	Available N (kg ha-1)
	285.95

	Available P2O5 (kg ha-1)
	52.37

	Available K2O (kg ha-1)
	175.92

	Exchangeable Ca [c mol (p+) kg-1 of soil]
	6.52

	Exchangeable Mg [c mol (p+) kg-1 of soil]
	2.16

	Available S [c mol (p+) kg-1 of soil]
	7.51

	DTPA extractable Fe (mg kg-1)
	24.97

	DTPA extractable Mn (mg kg-1)
	28.05

	DTPA extractable Zn (mg kg-1)
	9.30

	DTPA extractable Cu (mg kg-1)
	4.40



2.3.2 Nutrient analysis of soil 
The after-experiment soil samples were collected at 60 DAP in different treatment combinations and were dried under shade, powdered using wooden mallet and then passed through 2 mm sieve and used for estimation of soil pH, electrical conductivity (EC dSm-1), organic carbon (%), available nitrogen, phosphorus, potassium and micronutrients.  The chemical properties in soil and plant were determined by following the standard procedure.
Table 2: Standard methods followed in soil nutrient analysis 
	Parameters
	Methods
	References

	Soil analysis

	pH (1:2.5)
	Potentiometric method
	Jackson (1973)

	EC (dS m-1)
	Conductivity bridge method
	Jackson (1973)

	Organic carbon (%)
	Wet oxidation method
	Walkley and Black (1934)

	Available nitrogen (kg ha-1)
	Alkaline permanganate method
	Subbiah and Asija, 1956

	Available P2O5 (kg ha-1)
	Olsen’s Method
	Jackson (1973)

	Available K2O (kg ha-1)
	Flame photometer method
	Page et al. (1982).

	Exchangeable Ca (c mol/kg)
	Versanate titration method
	Jackson (1973)

	Exchangeable Mg (c mol/kg)
	Versanate titration method
	Jackson (1973)

	Available S (c mol/kg)
	Turbido metric method
	Black (1965)

	DTPA extractable Fe, Mn, Zn and Cu (mg kg-1)
	Atomic absorption spectrophotometry
	Lindsay and Norwell (1978)



2.4 Statistical analysis
The data generated were subjected to analysis of variance (ANOVA) and separation of means was obtained using Duncan multiple range test (DMRT), using O.P. Stat software (Strip plot design). The treatment means and interaction effects were compared using critical difference values at 5% Gomez and Gomez (1984).

3. results and discussion
The average total irrigation water requirement (4 Crops) for one hectare under conventional drip irrigation (I1) at 0.8 CPE was 18.50 ha cm. Whereas, the water requirement under yellow SMI based drip irrigation (I2) was 12.55 ha-cm, which was the least water requirement among different methods of irrigation and the water requirement under sensor based drip irrigation @ 50% DASM (I3) was 16.22 ha cm.
The soil properties were analyzed before (Table 1) and after the experiment and there was a significant variation in the soil properties due to different methods of irrigation and nitrogen management.
3.1 Soil pH
In soil pH, there was no significant difference among the different methods of irrigation, nitrogen management and also their interaction effects (Table 3). But it has slightly decreased with different methods of irrigation and nitrogen management and ranged from 7.01 to 7.36. However, the higher soil pH (7.36) was recorded in T4 (I2N1), which is yellow SMI based irrigation with 100% RDN application and T2 (I1N2) which is conventional drip irrigation @ 0.8 CPE with 100% RDN recorded lower pH (7.01). This slight increase in pH under lower irrigation levels may be attributed to salt accumulation in the soil due to reduced leaching, a phenomenon also noted by Shafqat et al. (2016) in drip irrigation systems. Furthermore, Zhang et al. (2023) reported that increased fertilizer application led to a decrease in soil pH.
3.2 Soil EC (dS m-1)
There was no significant difference among different irrigation methods and the treatment combinations with respect to soil EC (Table 3). However, 100% RDN (N2) application recorded significantly higher EC (0.28 dSm-1) followed by NDVI based nano urea application (N3) (0.26 dSm-1) and the significantly lowest soil EC (0.24 dSm-1) was recorded in no nitrogen applied plot (N1). Similar observations were noted by Zhang et al. (2023), that soil EC in plots receiving 100% NPK dose was 39.06% and 18.97% higher than in plots receiving 75% and 50% of the recommended dose, respectively. 
3.3 Soil organic carbon (%)
Soil OC did not differ significantly with respect to different methods of irrigation, nitrogen management and also their interaction effects (Table 3). However, T3 (I1N3) which is conventional drip irrigation @ 0.8 CPE with NDVI based nano urea application recorded lower OC (0.44%) and the higher soil OC (0.47%) was recorded in T5 (I2N2), which is yellow SMI based irrigation with 100% RDN applied plot. The organic carbon content of soil was found to be slightly lower under different methods of drip irrigation. According to Emde et al. (2021), this reduction may be attributed to the highly localized placement of water in drip irrigated systems, which limits drainage beyond the rooting zone and consequently reduces microbial activity. As a result, soil OC stocks tend to decline under drip irrigation.
Table 3: Post-harvest soil properties of mulberry garden as influenced by different methods of irrigation and nitrogen management
	Treatments
	Soil properties after harvest

	
	pH 
	EC (dsm-1) 
	OC (%) 

	Irrigation management (I)

	I1 - Conventional drip irrigation at 0.8 CPE
	7.16
	0.28
	0.45

	I2 - Yellow SMI based drip irrigation
	7.24
	0.26
	0.46

	I3 - Sensor based automated drip irrigation at 50% DASM
	7.21
	0.27
	0.46

	F-test
	NS
	NS
	NS

	S.Em. ±
	0.03
	0.01
	0.01

	CD @ 5%
	-
	-
	-

	Nitrogen management (N)

	N1 - Control (No nitrogen)
	7.34
	0.24
	0.46

	N2 - 100% Recommended Dose of Nitrogen 
	7.07
	0.28
	0.47

	N3 - NDVI based nitrogen management with nano urea
	7.22
	0.26
	0.45

	F-test
	NS
	*
	NS

	S.Em. ±
	0.07
	0.01
	0.01

	CD @ 5%
	-
	0.02
	-

	Interaction (I×N)

	T1 – I1 N1
	7.31
	0.24
	0.47

	T2 – I1 N2
	7.01
	0.29
	0.45

	T3 – I1 N3
	7.20
	0.27
	0.44

	T4 – I2 N1
	7.36
	0.23
	0.46

	T5 – I2 N2
	7.12
	0.28
	0.47

	T6 – I2 N3
	7.23
	0.26
	0.46

	T7 – I3 N1
	7.34
	0.25
	0.45

	T8 – I3 N2
	7.06
	0.28
	0.47

	T9 – I3 N3
	7.22
	0.26
	0.46

	F-test
	NS
	NS
	NS

	S.Em. ±
	0.08
	0.01
	0.01

	CD @ 5%
	-
	-
	-


*Significant at 5%, NS- Non significant, DASM- Depletion of available soil moisture and SMI- Soil moisture indicator, CPE- Cumulative Pan Evaporation and NDVI- Normalized Difference Vegetation Index

3.4 Primary nutrient status of post-harvest soil 
After the harvest of mulberry leaves, the available nitrogen, phosphorous and potassium content in soil differed significantly due to different methods of irrigation and nitrogen management. Whereas the interaction of irrigation and nitrogen management did not differ significantly with respect to phosphorous and potassium content (Table 4). Significantly higher (290.34 kg ha-1) available nitrogen content was recorded in T8(I3N2) which is sensor based drip irrigation @ 50% DASM with 100% RDN application which was on par with T2(I1 N2) and T5 (I2 N2) which is conventional drip irrigation @ 0.8 CPE with 100% RDN (283.57 kg ha-1) and yellow SMI based irrigation with 100% RDN (280.31 kg ha-1) applied plots respectively. Whereas, the significantly lowest available nitrogen (205.95 kg ha-1) was recorded in T4 (I2 N1) which is yellow SMI based irrigation with no nitrogen applied plots. 
With respect to phosphorous and potassium, T8 (I3N2) recorded higher P and K (52.73 and 181.33 kg ha-1) which is sensor based drip irrigation @ 50% DASM with 100% RDN application followed by T2 (I1 N2) which is conventional drip irrigation @ 0.8 CPE with 100% RDN application (51.72 and 177.81 kg ha-1) respectively. Whereas, the lowest available P and K (44.47 and 152.35 kg ha-1) was recorded in T4 (I2 N1) which is yellow SMI based irrigation with no nitrogen applied plots respectively.
Significant increase in nitrogen content of soils due to nitrogen management method, might be attributed to the fact that, the soils were supplied with the different levels of nitrogen. The results are in agreement with Zhang et al. (2023) who reported that the application of chemical fertilizer signiﬁcantly increased the soil available nutrients and the frequent application of irrigation as per soil moisture depletion that matched crop demand, which in turn increased the availability, uptake and efficiency of added nutrients (Tanaskovik et al., 2016). Similarly, the optimum moisture availability in the root zone enhanced availability and transport of dissolved nutrients by mass flow (Ngupok, 2018). The increased potassium availability may be due to synergistic effect of potassium and nitrogen (Shrivastava, 2002).
Table 4: Primary nutrient status of mulberry garden as influenced by different methods of irrigation and nitrogen management
	Treatments
	Soil properties after harvest

	
	N (kg ha-1)
	P2O5 (kg ha-1)
	K2O (kg ha-1)

	Irrigation management (I)

	I1 - Conventional drip irrigation at 0.8 CPE
	262.92
	49.15
	168.78

	I2 - Yellow SMI based drip irrigation
	245.40
	48.11
	165.12

	I3 - Sensor based automated drip irrigation at 50% DASM
	270.37
	49.78
	170.98

	F-test
	*
	*
	*

	S.Em. ±
	3.44
	0.25
	0.89

	CD @ 5%
	13.49
	0.99
	3.49

	Nitrogen management (N)

	N1 - Control (No nitrogen)
	227.53
	46.23
	158.52

	N2 - 100% Recommended Dose of Nitrogen 
	284.74
	51.88
	178.36

	N3 - NDVI based nitrogen management with nano urea
	266.48
	48.93
	168.01

	F-test
	*
	*
	*

	S.Em. ±
	2.37
	0.49
	1.72

	CD @ 5%
	11.98
	1.07
	3.74

	Interaction (I×N)

	T1 – I1 N1
	232.59
	46.91
	160.92

	T2 – I1 N2
	283.57
	51.72
	177.81

	T3 – I1 N3
	272.60
	48.82
	167.61

	T4 – I2 N1
	205.95
	44.47
	152.35

	T5 – I2 N2
	280.31
	51.19
	175.94

	T6 – I2 N3
	250.12
	48.67
	167.09

	T7 – I3 N1
	244.05
	47.30
	162.27

	T8 – I3 N2
	290.34
	52.73
	181.33

	T9 – I3 N3
	276.72
	49.31
	169.33

	F-test
	*
	NS
	NS

	S.Em. ±
	5.38
	0.59
	2.06

	CD @ 5%
	15.53
	-
	-


*Significant at 5%, NS- Non significant, DASM- Depletion of available soil moisture and SMI- Soil moisture indicator, CPE- Cumulative Pan Evaporation and NDVI- Normalized Difference Vegetation Index

3.5 Secondary nutrient status of post-harvest soil 
After the harvest of mulberry leaves, the calcium and magnesium content in soil differed significantly due to different methods of irrigation and nitrogen management. Whereas the interaction of irrigation and nitrogen management did not differ significantly with respect to all secondary nutrients (Table 5). However, T8 (I3N2) which is sensor based drip irrigation @ 50% DASM with 100% RDN recorded higher Ca, Mg and S (6.10, 2.07 and 6.96 c. mol/kg, respectively) and the lowest soil Ca, Mg and S (5.29, 1.61 and 6.73 c. mol/kg, respectively) was recorded in T4 (I2N1), which is yellow SMI based irrigation with no nitrogen applied plot.
Ca in soil was marginally increased with respect to different treatment combinations. Similar observations were reported by Saraswathi et al. (2018), who noted that Ca and Mg uptake was higher in plots treated with STCR (Soil Test Crop Response) based NPK application along with compost at 10 t ha-1 than control. This might be due to the enriched nutrient content of the applied materials as well as the mineralization of native calcium and magnesium in the soil. The present results are supported by Fomenko et al. (2018) who reported that localized wetting of soil promoted the saturation of the Soil Adsorption Complex (SAC) with cations such as Na⁺ and Mg²⁺, leading to a shift in ionic equilibrium due to the active penetration of these ions into the SAC.
Table 5: Secondary nutrient status of mulberry garden as influenced by different methods of irrigation and nitrogen management
	Treatments
	Soil properties after harvest

	
	Ca (c mol kg-1)
	Mg (c mol kg-1)
	S (c mol kg-1)

	Irrigation management (I)

	I1 - Conventional drip irrigation at 0.8 CPE
	5.58
	1.91
	6.85

	I2 - Yellow SMI based drip irrigation
	5.65
	1.79
	6.81

	I3 - Sensor based automated drip irrigation at 50% DASM
	5.87
	1.88
	6.83

	F-test
	*
	*
	NS

	S.Em. ±
	0.03
	0.02
	0.05

	CD @ 5%
	0.12
	0.09
	-

	Nitrogen management (N)

	N1 - Control (No nitrogen)
	5.45
	1.69
	6.75

	N2 - 100% Recommended Dose of Nitrogen 
	6.04
	2.02
	6.95

	N3 - NDVI based nitrogen management with nano urea
	5.79
	1.87
	6.80

	F-test
	*
	*
	NS

	S.Em. ±
	0.04
	0.03
	0.05

	CD @ 5%
	0.19
	0.13
	-

	Interaction (I×N)

	T1 – I1 N1
	5.51
	1.74
	6.77

	T2 – I1 N2
	6.05
	2.03
	6.94

	T3 – I1 N3
	5.72
	1.96
	6.84

	T4 – I2 N1
	5.29
	1.61
	6.73

	T5 – I2 N2
	5.97
	1.96
	6.94

	T6 – I2 N3
	5.68
	1.81
	6.77

	T7 – I3 N1
	5.54
	1.72
	6.75

	T8 – I3 N2
	6.10
	2.07
	6.96

	T9 – I3 N3
	5.97
	1.85
	6.80

	F-test
	NS
	NS
	NS

	S.Em. ±
	0.06
	0.04
	0.09

	CD @ 5%
	-
	-
	-


*Significant at 5%, NS- Non significant, DASM- Depletion of available soil moisture and SMI- Soil moisture indicator, CPE- Cumulative Pan Evaporation and NDVI- Normalized Difference Vegetation Index


3.6 Micronutrient status of post-harvest soil 
	The data pertaining to Table 6 indicates that there was no significant difference in soil iron, manganese, copper and zinc content among the various treatment combinations. However, T8 (I3N2) recorded higher iron, manganese, copper and zinc content (23.35, 25.35, 4.19 and 8.26 ppm, respectively) which is sensor based drip irrigation @ 50% DASM with 100% RDN application. Whereas, the lowest iron, manganese copper and zinc content (17.04, 19.04, 3.63 and 7.83 ppm, respectively) was recorded in T4 (I2 N1) which is yellow SMI based irrigation with no nitrogen applied plot.
There was a significant increase in iron content in 100% RDN applied plot. Similar results were reported by Liu et al. (2023) that the application of nitrogen fertilizer induced increase in water-soluble iron (Ws-Fe) thus improving the iron’s availability in the soil (DTPA-Fe increase) and the iron contents in the plants. This might be due to nitrogen fertilizer supplementation which can lead to soil acidification. A significant amount of H+ production can dissolve ferric iron compounds (Fe3+) to ferrous ion (Fe2+) in soil solutions. The application of nitrogen led to a decline in soil pH, thus increasing the availability of iron under low pH conditions (Ding et al., 2020). Decrease in soil pH with N addition could promote the dissolution of iron hydroxides and manganese oxides, resulting in a significant increase in soil available iron and manganese (Haynes and Swift, 1985 and Thomson et al., 1993). However, nitrogen addition did not significantly improve the copper and zinc in soil.

Table 6: Micronutrient status of mulberry garden as influenced by different methods of irrigation and nitrogen management
	Treatments
	Soil properties after harvest

	
	Fe (ppm)
	Mn (ppm)
	Cu (ppm)
	Zn (ppm)

	Irrigation management (I)

	I1 - Conventional drip irrigation at 0.8 CPE
	19.83
	22.17
	3.75
	7.95

	I2 - Yellow SMI based drip irrigation
	19.22
	21.67
	3.71
	7.91

	I3 - Sensor based automated drip irrigation at 50% DASM
	19.65
	22.43
	3.84
	8.00

	F-test
	NS
	NS
	NS
	NS

	S.Em. ±
	0.55
	0.60
	0.08
	0.05

	CD @ 5%
	-
	-
	-
	-

	Nitrogen management (N)

	N1 - Control (No nitrogen)
	17.12
	19.57
	3.65
	7.85

	N2 - 100% Recommended Dose of Nitrogen 
	22.92
	24.92
	3.96
	8.11

	N3 - NDVI based nitrogen management with nano urea
	18.67
	21.78
	3.70
	7.90

	F-test
	*
	*
	NS
	NS

	S.Em. ±
	0.57
	0.55
	0.09
	0.06

	CD @ 5%
	1.54
	1.59
	-
	-

	Interaction (I×N)

	T1 – I1 N1
	17.15
	19.48
	3.68
	7.87

	T2 – I1 N2
	22.82
	24.82
	3.84
	8.04

	T3 – I1 N3
	19.53
	22.19
	3.74
	7.94

	T4 – I2 N1
	17.04
	19.04
	3.63
	7.83

	T5 – I2 N2
	22.59
	24.59
	3.84
	8.04

	T6 – I2 N3
	18.04
	21.38
	3.67
	7.87

	T7 – I3 N1
	17.18
	20.18
	3.65
	7.85

	T8 – I3 N2
	23.35
	25.35
	4.19
	8.26

	T9 – I3 N3
	18.43
	21.76
	3.69
	7.90

	F-test
	NS
	NS
	NS
	NS

	S.Em. ±
	0.97
	1.01
	0.14
	0.09

	CD @ 5%
	-
	-
	-
	-


*Significant at 5%, NS- Non significant, DASM- Depletion of available soil moisture and SMI- Soil moisture indicator, CPE- Cumulative Pan Evaporation and NDVI- Normalized Difference Vegetation Index

4. Conclusion
Sensor based drip irrigation at 50% DASM with NDVI based nano urea application has shown better results on soil primary and secondary nutrient status and also water productivity of mulberry. This may be due to frequent irrigation based on real-time soil moisture status, which enhanced soil moisture availability near root zone and water being utilized more efficiently. By supplying only, the required amount of water at the right time, the system minimizes evaporative losses as well as reduces nutrient leaching. This proposed system not only reduces labour on irrigation but also eradicates the difficulties faced by the farmers due to delay in onset of monsoon.
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