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Figure 12. Soil available macro nutrient status at the end of crop sequence of a year for alternative crops and 

cropping systems for sugarcane (pooled 2018 and 2019)
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Figure 13. Soil available secondary nutrient status at the end of crop sequence of a year for alternative crops and 

cropping systems for sugarcane (pooled 2018 and 2019)
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Impact of Alternative Crops and Cropping Systems for Sugarcane on Soil Chemical Properties 
ABSTRACT
A field experiment was conducted at Agricultural Research Station, Hukkeri, Belagavi, Karnataka, India, during 2018-19 and 2019-20 to study the influence of alternative crops and cropping systems for sugarcane on soil chemical properties. The experiment was laid out in a Randomized Complete Block Design with 11 treatments, each replicated thrice. The treatment included various cropping systems such as soybean-sorghum-ridge gourd, pigeon pea + green gram-beans,  pigeon pea + soybean(1:1) - cowpea, soybean - wheat - groundnut, groundnut - sorghum - sesame,  maize - cabbage - fallow, soybean - wheat - green gram, maize - wheat - sesame, Bt cotton - groundnut,  sugarcane + onion (1:2) and sole sugarcane. The results showed that alternative crop and cropping systems did not significantly differ in soil electrical conductivity (EC), pH, and organic carbon (OC). However, specific systems exhibited higher levels of certain nutrients, with sugarcane + onion (1:2) recording the highest available nitrogen and potassium. Other systems, such as maize-wheat-sesame and soybean-wheat-green gram, also showed higher available nitrogen and potassium. The cropping systems did not differ significantly in soil available phosphorus status, and the range of secondary nutrients and micronutrients varied across systems. Overall, the study suggests that incorporating high-biomass producing crops like legumes, green manure in rotation can improve soil properties and provide long-term nutrient requirements, outperforming cereal-based systems.
Key words: Alternative crops, organic carbon, available macronutrient, secondary nutrient (Ca and Mg), Micronutrient (Fe and Zn)
INTRODUCTION 

Agriculture is a vital source of income for farmers and plays a crucial role in a country's prosperity. However, intensive farming practices, such as monocropping and excessive use of pesticides and fertilizers, have harmed ecological balance. This has resulted in soil degradation, salinity, alkalinity, water logging, and nutrient imbalances, ultimately affecting crop productivity and sustainability. To address this, crop diversification is essential, incorporating a mix of cereals, pulses, millets, oilseeds, and vegetables. In regions like Karnataka's Ghataprabha command areas, sugarcane monocropping has led to soil problems and declining productivity. A shift towards sustainable and diversified farming practices is necessary to ensure long-term agricultural productivity and prosperity. Continuous cereal-cereal crop rotations, removal of crop residues, and other inappropriate tillage practices cause depletion of nutrients and degradation of soil structure (Mamta et al., 2020, Hiltbrunner et al., 2013). Cereal-cereal crop rotations are more exhaustive than cereal-legume and cereal oilseed rotations (Kumar et al., 2012). The soil becomes looser and more porous with the addition of a higher amount of biomass (Alam and Salahin, 2013) from the diversity of crops. The quality of organic matter is more important than its quantity for improving the physical condition of the soil (Nweke and Nnabude, 2015). The cropping systems with the inclusion of green manures or legume crops add more soil organic matter as per crop, which further improves soil physical properties (Demir and Isik 2019, Ram et al., 2022) and carbon sequestration (Acosta Martinez, et al., 2011) depending upon the type and quantity of crop residue added to the soil (Zuber et al., 2015). Significant difference was reported for soil pH (Trehan et al., 2001) and soil EC values (Kumar, et al., 2020) from various cropping systems. Lowest pH values were reported from the cropping systems adding higher amount of organic matter (Degu et al., 2019). So, different cropping systems may affect the soil physico-chemical properties differently. The cropping systems add different amounts of organic matter to the soil, on its decomposition tends to variations in soil organic carbon levels (Paranychianakis et al., 2021). Soil organic matter maintains soil structure, nutrient cycling; acts as a carbon sink, and mitigates the effects of greenhouse gases, thorough specific land use practices (Lal, 2004). Soil organic carbon (SOC) is an important component in soil that contributes to soil fertility, soil tilth, crop production and soil sustainability. Soil organic matter (SOM) significantly impacts the soil physico-chemical attributes, viz., soil organic carbon, bulk density and aggregate stability. Biomass products from cereals and legumes contribute a substantial amount of organic carbon to the soil, improving its physical properties and reducing soil deterioration (Jat et al., 2013). Organic matter binds the primary soil particles and maintains the aggregate stability, increases water storage, and improves the physical properties of the soil. The use of various crops add a variety of root and shoot biomass, which creates biopores in the soil profile, further reduces the soil compaction and decreases the soil bulk density (Chen and Weil, 2011), and improves soil aggregation (Ram et al., 2022). Cropping systems with green manuring of sesbania and green gram improved the organic matter status of soil, which improved the aggregation and reduced the bulk density (Kumar, et al., 2020). Cover crops (CCs) also improve soil physico-chemical properties (Blanco-Canqui et al., 2011, Cercioglu et al., 2018). The incorporation of legumes as a cover crop improved the total porosity and aggregate stability, and reduced the soil compaction by adding a higher amount of organic matter (Haruna et al., 2020). In this context, efforts are being made to evaluate the impact of alternative crops and cropping systems on soil chemical properties in sugarcane cultivation. This research aims to promote crop diversification, which can help maintain and improve soil health, ensuring long-term sustainability and productivity. By identifying beneficial cropping systems, farmers can adopt practices that enhance soil fertility and reduce degradation.
MATERIAL AND METHODS
The field experiment was conducted during 2018-20 at Agricultural Research Station, Hukkeri which is situated in the Northern transition zone (Agro-climatic Zone 8) of Karnataka at a latitude of 160 13’ 48.00” North, longitude 740 35’ 59.99” East and at an altitude of 631 m above mean sea level (MSL).The Northern Transition Zone is situated between Northern Dry Zone (Zone 3) and Hilly Zone (Zone 9) of Karnataka. The experimental site consisted of medium black clay loam soil belonging to the order Vertisol. It was laid out in Randomised Complete Block Design and replicated thrice. The gross plot sizes varied, measuring 15 m x 11 m for sugarcane and 6 m x 10.5 m for other crops. There were 11 treatments consisting of soybean - sorghum - ridge gourd (T1), pigeon pea + green gram (1:1) - beans (T2),pigeon pea + soybean(1:1) - cowpea (T3), soybean - wheat - groundnut (T4), groundnut - sorghum - sesame (T5),  maize - cabbage - fallow (T6), soybean - wheat - green gram (T7), maize - wheat - sesame (T8), Bt cotton - groundnut (T9),  sugarcane + onion (1:2)  [T10] and sole sugarcane [T11]. The intercropping treatments were in additive series. The seed rate, row spacing, and other inputs for kharif, rabi and summer crops were followed as per the recommended package of practices. Different crops were sown during their respective seasons, and irrigation was provided regularly for sugarcane and summer crops, while protective irrigation was given to rabi crops at critical stages. Plant protection and weed management measures were implemented as needed. Harvesting was done based on the maturity of individual crops during their respective seasons, ensuring optimal crop growth and management.
2.1 Soil sampling

Soil samples were collected from the experimental site at a depth of 0-30 cm before the experiment began and after each crop harvest in a yearly sequence. These composite surface soil samples were then analyzed for their chemical properties, with the detailed results presented in Table 1.

2.2 Statistical analysis: The analysis and interpretation of data were carried out using the Fisher’s method of analysis of variance technique as described by Gomez and Gomez (1984).

RESULTS AND DISCUSSION 

3.1 
Soil chemical parameters (EC, pH and OC)
The data for individual years and pooled did not differ significantly for soil chemical parameters viz., electrical conductivity (EC), pH and organic carbon (OC). However, pH ranged from 7.83 to 8.11, electrical conductivity from 0.73 to 0.81 dS m-1and organic carbon from 0.49 to 0.56 per cent for pooled. This is attributed to more decomposition of organic matter added through crop residue and also, addition of different amount of organic matter by different cropping systems caused the variation in soil pH, as decomposition of organic matter releases several organic acids which are responsible for decrease in soil pH (Ankit et al., 2024). The variations in soil pH might attributed to presence of more crop residues enhances microbial activity, causes anaerobic decomposition of organic matter and produces organic acids which in turn, results subsequent alterations in soil EC (Sharma et al., 2022). Similar results were also reported by Kumar et al., (2020) that organic matter addition by the different cropping systems affect the salt concentration in the soil and causes variability in soil EC. The highest organic carbon was noticed in sugarcane, maize and pigeon pea base cropping system resulted from the addition of a higher amount of plant biomass due to higher plant development in both aerial parts and in the roots which provides favourable microorganisms and conditions increases for carbon accumulation in the soil (Blanco-Canqui and Jasa, 2019 and Demir and Isik, 2019). It was also reported by Velso et al., (2020) that the more the presence and diversity of roots, the higher the exudates of organic compounds which serve as a source of soil carbon (Table 2).
3.2
Soil available macro nutrient (N, P2O5 and K2O) status 

The pooled data for available nitrogen (N) revealed significant differences among cropping systems, as depicted in Table 3 and Figure 1. Sugarcane + onion (1:2) recorded the highest soil available nitrogen (309.74 kg ha-1), which was compared to maize-cabbage-fallow (302.43 kg ha-1) and sole sugarcane (302.38 kg ha-1). Other cropping systems with higher available nitrogen included maize-wheat-sesame, pigeon pea + soybean (1:1) – cowpea, soybean-wheat-green gram, and groundnut-sorghum-sesame. In contrast, Bt cotton-groundnut had the lowest available nitrogen (269.67 kg ha-1). However, the cropping systems did not significantly differ in soil available phosphorus (P2O5) status, with pooled values ranging from 17.70 to 25.00 kg ha-1.The pooled data for soil available potassium (K2O) showed significant variation among cropping systems. Sugarcane + onion (1:2) recorded the highest available potassium (440.33 kg ha-1), followed by sole sugarcane (428.43 kg ha-1), Bt cotton-groundnut (395.22 kg ha-1), and maize-cabbage-fallow (373.17 kg ha-1). Other systems, including maize-wheat-sesame, soybean-wheat-green gram, and groundnut-sorghum-sesame, also had notable levels of available potassium. In contrast, soybean-sorghum-ridge gourd had the lowest available potassium (284.22 kg ha-1). This was due to increased availability of macronutrients was due to differential addition of farmyard manure, inorganic fertilizers as per individual crop requirements, incorporation of crop residues, crop rotation practices, in turn influencing the soil organic matter affecting the soil fertility and carbon and N mineralization capacities of soil, which determine the availability of plant nutrients (Sadashivanagowda, 2020). Use of FYM and crop residues might have enhanced to the mineralization of N in the soil and due to enzyme activities in the soil amended with organic manures. During decomposition of organic matter/manure, various organic acids will be produced which solubilize phosphate bearing minerals and thereby lower the phosphate fixation and increase its availability (Vidyavathi et al., 2012). Manna et al. (2006) reported that, available phosphorus content increased due to addition of FYM over initial and control. The buildup of soil available potassium was due to FYM or crop residues/trashes application and this might be due to addition of K applied through the solubilizing action of certain organic acids produced during decomposition and its greater capacity to hold K in the available form. Continuous application of manures increased the levels of N, P, K, S, Ca and Mg in the soil over the years (Ginting et al., 2003) thus creating a reservoir of soil nutrients for several years after application. Wherever the legume crop was grown, it recorded significantly higher available nutrients in the soil compared to non-legume crops. This might be due to nodulation in legume crops fixing atomspheric N leading to increased soil N content. As there is synergistic relationship between N and P, this might have facilitated increased nutrients content in soil. The results are in accordance with Vidyavathi et al. (2012) and Varalakshmi et al. (2005) who also reported that legume cropping helped to increase available N, P and K content in the soil. The similar trend was followed for both the years also. 
3.3
Soil available secondary nutrient (exchangeable Ca and Mg) and micronutrient (Fe and Zn) status                  

The pooled data for soil available exchangeable calcium (Ca) showed significant differences among cropping systems. Soybean-wheat-green gram recorded the highest exchangeable calcium (19.69 cmol (p+) kg-1 soil), and it was on par with groundnut-sorghum-sesame (18.54 cmol (p+) kg-1 soil). Other cropping systems with notable exchangeable calcium levels included maize-wheat-sesame, Bt cotton-groundnut, sugarcane + onion (1:2), and sole sugarcane. In contrast, soybean-sorghum-ridge gourd had the lowest exchangeable calcium (13.71 cmol (p+) kg-1 soil). The pooled data for soil available exchangeable magnesium (Mg) showed significant differences among cropping systems. Bt cotton-groundnut recorded the highest exchangeable magnesium (8.18 cmol (p+) kg-1 soil), and it was on par with other cropping systems including soybean-wheat-green gram, sole sugarcane, sugarcane + onion (1:2), groundnut-sorghum-sesame, and pigeon pea + soybean (1:1)-cowpea. In contrast, soybean-sorghum-ridge gourd had the lowest exchangeable magnesium (5.03 cmol (p+) kg-1 soil) [Table 4, 5 and Figure 2].

The pooled data for soil available iron (Fe) showed significant differences among cropping systems. Sugarcane + onion (1:2) recorded the highest available iron (3.11 mg kg-1), compared to sole sugarcane (3.10 mg kg-1) and pigeon pea + soybean (1:1)-cowpea (2.86 mg kg-1). These were followed by groundnut-sorghum-sesame, soybean-wheat-groundnut, maize-cabbage-fallow, Bt cotton-groundnut, maize-wheat-sesame, and soybean-sorghum-ridge gourd. Pigeon pea + green gram (1:1) - beans had the lowest available iron (1.87 mg kg-1), with a similar trend observed in both years. The pooled data for soil available zinc (Zn) showed significant differences among cropping systems. Bt cotton-groundnut recorded the highest available zinc (0.49 mg kg-1), compared to maize-wheat-sesame (0.46 mg kg-1). These were followed by pigeon pea + soybean (1:1) - cowpea, soybean-wheat-green gram, and pigeon pea + green gram (1:1) - beans. Lower available zinc level was observed in soybean-sorghum-ridge gourd, groundnut-sorghum-sesame, maize-cabbage-fallow, and sugarcane + onion (1:2), with the latter two having the lowest levels (0.24 mg kg-1). Irrespective of cropping systems, the secondary nutrients (calcium and magnesium) and micronutrients particularly iron and zinc ranged from 13.71-19.69 cmol (p+) kg-1 soil, 5.03-8.18 cmol (p+) kg-1 soil, 1.87-3.10 mg kg-1 and 0.23-0.49 mg kg-1, respectively. The micronutrient availability was different in different cropping systems. As the organic matter is the store house of all the nutrients and because of addition of FYM, crop residues, trash and inorganic fertilizers as a source of nutrients and inclusion of legumes increased soil available status. Well decomposed FYM and crop residues have involved in formation of chelates through legands which might have lowered susceptibility to adsorption, fixation and precipitation into the soil (Sadashivanagowda, 2020). Madhavi et al. (1995) reported that, higher availability of these micronutrient cations in soil due to application of organic manures and crop residues was ascribed to the decomposition of organic manures, that lead to formation of chelates with micronutrients. The similar trend was observed for both the years also for all the soil available secondary nutrient (exchangeable Ca and Mg) and micronutrient status.

CONCLUSION

It can be concluded that alternative crop and cropping systems, such as legumes with cereals, vegetables, fiber crops or oilseeds did not significantly differ in soil chemical parameters like electrical conductivity (EC), pH, and organic carbon (OC). However, specific cropping systems showed higher levels of certain nutrients. Notably, sugarcane + onion (1:2) recorded the highest soil available nitrogen and potassium, with values of 309.74 kg ha-1 and 440.33 kg ha-1, respectively. Other cropping systems like maize-wheat-sesame and soybean-wheat-green gram also showed higher available nitrogen and potassium. However, the cropping systems did not significantly differ in soil available phosphorus status. The range of secondary nutrients and micronutrients varied across cropping systems. Overall, including high producing biomass crops like legume, green manure crops  in crop rotation as these adds a higher amount of crop residue or organic matter to the soil, improving its physico-chemical properties and providing nutrient requirements for a longer period compared to cereal-based cropping systems. 
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Table 1: Initial soil chemical properties at experimental site

	Sl. No.
	Particulars
	Value
	Remarks
	Method adopted
	Reference

	Chemical properties

	1.
	pH (1:2.5 soil:water suspension)
	7.81
	Neutral
	Potentiometry method
	Sparks (1996)

	2.
	EC (1:2.5 soil:water extract)  (dS m-1)
	0.72
	Normal
	Conductometry method
	Sparks (1996)

	3.
	Organic carbon (%)
	0.53
	Medium
	Walkley and Black’s wet oxidation method
	Sparks (1996)

	4.
	Available N (kg ha-1)
	236.74
	Low
	Modified alkaline permanganate method
	Sharawat and Burford (1982)

	5.
	Available P2O5 (kg ha-1)
	14.79
	Medium
	Olsen’s method
	Jackson  (1973)

	6.
	Available K2O (kg ha-1)
	317.41
	High
	Flame photometric method
	Sparks (1996)

	7.
	Exchangeable Ca (cmol (p+) kg -1 soil )
	8.60
	--
	Complexometric titration  method
	Black (1973)

	     8.
	Exchangeable Mg (cmol (p+) kg -1 soil)
	3.80
	--
	
	

	9.
	Available Fe (mg kg-1)
	2.10
	--
	Atomic absorption spectrophotometer method
	Lindsay and Norvell  (1978)

	10.
	Available Zn (mg kg-1)
	0.32
	--
	
	


Table 2: Soil chemical parameters at the end of crop sequence of a year for alternative crops and cropping systems for sugarcane
	Treatment
	Soil chemical parameters

	
	pH (1 : 2.5)
	EC (1 : 2.5) (dS m- 1)
	Organic carbon (%)

	
	2018
	2019
	Pooled
	2018
	2019
	Pooled
	2018
	2019
	Pooled

	T1 : Soybean - sorghum - ridge gourd
	7.99
	7.90
	7.95
	0.78
	0.77
	0.77
	0.51
	0.51
	0.51

	T2 : Pigeon pea + green gram (1:1) - beans 
	7.96
	7.93
	7.95
	0.81
	0.80
	0.80
	0.52
	0.53
	0.53

	T3 : Pigeon pea + soybean (1:1) - cowpea
	7.93
	7.86
	7.89
	0.73
	0.73
	0.73
	0.55
	0.57
	0.56

	T4 : Soybean - wheat - groundnut
	7.88
	7.87
	7.88
	0.76
	0.76
	0.76
	0.48
	0.49
	0.49

	T5 : Groundnut - sorghum - sesame
	7.84
	7.82
	7.83
	0.79
	0.77
	0.78
	0.50
	0.51
	0.51

	T6 : Maize - cabbage - fallow
	7.98
	8.02
	8.00
	0.81
	0.80
	0.80
	0.54
	0.54
	0.54

	T7 : Soybean - wheat - green gram
	7.93
	7.92
	7.92
	0.76
	0.77
	0.77
	0.52
	0.51
	0.51

	T8 : Maize - wheat - sesame
	7.88
	7.95
	7.92
	0.76
	0.76
	0.76
	0.52
	0.51
	0.52

	T9 : Bt cotton - groundnut
	7.91
	7.84
	7.88
	0.73
	0.77
	0.75
	0.50
	0.48
	0.49

	T10 : Sugarcane + onion (1:2) 
	8.15
	8.05
	8.10
	0.81
	0.80
	0.81
	0.55
	0.53
	0.54

	T11 : Sugarcane (sole)
	8.13
	8.08
	8.11
	0.80
	0.82
	0.81
	0.55
	0.53
	0.54

	S.Em. ±
	0.08
	0.09
	0.06
	0.02
	0.03
	0.02
	0.02
	0.02
	0.02

	LSD (p = 0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


         NS - Non significant

         Initial soil value: EC (1 : 2.5) (dS m - 1) : 0.72 , pH (1 : 2.5) : 7.81 and Organic carbon (%) : 0.53
Table 3: Soil available macro nutrient status at the end of crop sequence of a year for alternative crops and cropping systems for sugarcane
	Treatment
	Soil available macro nutrient status (kg ha- 1)

	
	Nitrogen (N)
	Phosphorus (P2O5)
	Potassium (K2O)

	
	2018
	2019
	Pooled
	2018
	2019
	Pooled
	2018
	2019
	Pooled

	T1 : Soybean - sorghum - ridge gourd
	269.43
	273.00
	271.22
	17.43
	17.97
	17.70
	283.33
	285.10
	284.22

	T2 : Pigeon pea + green gram (1:1) - beans 
	274.23
	276.33
	275.28
	20.47
	21.23
	20.85
	301.00
	304.67
	302.83

	T3 : Pigeon pea + soybean (1:1) - cowpea
	287.20
	289.33
	288.27
	22.57
	23.47
	23.02
	306.33
	308.67
	307.50

	T4 : Soybean - wheat - groundnut
	272.47
	276.00
	274.23
	18.07
	19.00
	18.53
	318.67
	321.00
	319.83

	T5 : Groundnut - sorghum - sesame
	282.47
	286.67
	284.57
	18.20
	18.60
	18.40
	324.33
	327.00
	325.67

	T6 : Maize - cabbage - fallow
	298.87
	306.00
	302.43
	18.83
	19.57
	19.20
	369.33
	377.00
	373.17

	T7 : Soybean - wheat - green gram
	281.93
	288.67
	285.30
	21.40
	22.57
	21.98
	330.70
	334.33
	332.52

	T8 : Maize - wheat - sesame
	291.57
	297.33
	294.45
	19.83
	20.47
	20.15
	339.67
	345.33
	342.50

	T9 : Bt cotton - groundnut
	266.00
	273.33
	269.67
	21.17
	21.43
	21.30
	393.37
	397.67
	395.52

	T10 : Sugarcane + onion (1:2) 
	307.47
	312.00
	309.74
	24.60
	25.40
	25.00
	434.33
	446.33
	440.33

	T11 : Sugarcane (sole)
	300.07
	304.70
	302.38
	23.03
	23.57
	23.30
	422.53
	434.33
	428.43

	S.Em. ±
	3.79
	4.67
	3.98
	0.75
	0.66
	0.65
	4.55
	4.42
	3.70

	LSD (p = 0.05)
	11.18
	13.78
	11.74
	NS
	NS
	NS
	13.43
	13.05
	10.91


NS - Non significant

Initial soil value (kg ha- 1): Nitrogen (N):236.74, Phosphorus (P2O5): 14.79 and Potassium (K2O) : 317.41
Table 4: Soil available secondary nutrient status at the end of crop sequence of a year for alternative crops and cropping systems for sugarcane
	Treatment
	Soil available secondary nutrient status [cmol (p+) kg-1 soil]

	
	Exchangeable Calcium (Ca)
	Exchangeable Magnesium (Mg)

	
	2018
	2019
	Pooled
	2018
	2019
	Pooled

	T1 : Soybean - sorghum - ridge gourd
	13.75
	13.67
	13.71
	5.05
	5.00
	5.03

	T2 : Pigeon pea + green gram (1:1) - beans 
	15.25
	15.17
	15.21
	6.38
	6.23
	6.31

	T3 : Pigeon pea + soybean (1:1) - cowpea
	15.33
	15.27
	15.30
	7.41
	7.34
	7.37

	T4 : Soybean - wheat - groundnut
	14.10
	14.03
	14.07
	6.53
	6.47
	6.50

	T5 : Groundnut - sorghum - sesame
	18.65
	18.43
	18.54
	7.67
	7.57
	7.62

	T6 : Maize - cabbage - fallow
	15.25
	14.97
	15.11
	6.87
	6.83
	6.85

	T7 : Soybean - wheat - green gram
	19.85
	19.53
	19.69
	8.08
	8.03
	8.06

	T8 : Maize - wheat - sesame
	18.02
	17.90
	17.96
	6.02
	5.97
	5.99

	T9 : Bt cotton - groundnut
	17.90
	17.83
	17.87
	8.18
	8.17
	8.18

	T10 : Sugarcane + onion (1:2) 
	17.87
	17.80
	17.83
	7.89
	7.84
	7.86

	T11 : Sugarcane (sole)
	17.70
	17.63
	17.67
	7.90
	7.93
	7.91

	S.Em. ±
	0.43
	0.41
	0.42
	0.32
	0.34
	0.33

	LSD (p = 0.05)
	1.28
	1.21
	1.24
	0.95
	1.00
	0.97


         Initial soil value [cmol (p+) kg-1 soil]: Exchangeable Calcium (Ca) : 8.6 and Exchangeable Magnesium (Mg) : 3.8

Figure 1: Soil available macro nutrient status at the end of crop sequence of a year for alternative crops and cropping systems for sugarcane (pooled 218 and2019)

Table 5: Soil available micronutrient status at the end of crop sequence of a year for alternative crops and cropping systems for sugarcane

	Treatment
	Soil available micronutrient status (mg kg-1)

	
	Iron (Fe)
	Zinc (Zn)

	
	2018
	2019
	Pooled
	2018
	2019
	Pooled

	T1 : Soybean - sorghum - ridge gourd
	2.19
	2.26
	2.23
	0.31
	0.30
	0.31

	T2 : Pigeon pea + green gram (1:1) - beans 
	1.89
	1.85
	1.87
	0.40
	0.39
	0.40

	T3 : Pigeon pea + soybean (1:1) - cowpea
	2.95
	2.78
	2.86
	0.43
	0.43
	0.43

	T4 : Soybean - wheat - groundnut
	2.58
	2.59
	2.59
	0.23
	0.22
	0.23

	T5 : Groundnut - sorghum - sesame
	2.66
	2.62
	2.64
	0.31
	0.30
	0.31

	T6 : Maize - cabbage - fallow
	2.53
	2.51
	2.52
	0.27
	0.21
	0.24

	T7 : Soybean - wheat - green gram
	2.10
	2.15
	2.13
	0.42
	0.41
	0.42

	T8 : Maize - wheat - sesame
	2.38
	2.36
	2.37
	0.47
	0.46
	0.46

	T9 : Bt cotton - groundnut
	2.44
	2.41
	2.43
	0.47
	0.51
	0.49

	T10 : Sugarcane + onion (1:2) 
	3.13
	3.09
	3.11
	0.28
	0.20
	0.24

	T11 : Sugarcane (sole)
	3.15
	3.06
	3.10
	0.27
	0.18
	0.23

	S.Em. ±
	0.11
	0.13
	0.12
	0.02
	0.02
	0.02

	LSD (p = 0.05)
	0.33
	0.39
	0.35
	0.07
	0.05
	0.05


Initial soil value (mg kg-1): Iron (Fe) : 2.10 and Zinc (Zn) :0.32

Figure 2: Soil available secondary and micronutrient status at the end of crop sequence of a year for alternative crops and cropping 
systems for sugarcane (pooled 218 and 2019)



