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Figure 11. Soil physical parameters 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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Original Research Article
Influence of alternative crops and cropping systems for sugarcane on soil physical 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 physical properties. The experiment consisted of 11 treatments with different cropping systems viz., 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 sugarcane (sole) [T11] , laid out in a Randomized Complete Block Design with three replications. The results showed that pigeon pea + green gram (1:1)-beans system recorded significantly higher porosity and aggregate stability. Pigeon Pea + soybean (1:1)-cowpea system recorded higher infiltration rate and maximum water holding capacity. Maize-cabbage-fallow system recorded significantly higher bulk density. The study concluded that crop diversification and inclusion of legumes with field crops or vegetable crops improved soil physical properties, ensuring soil health, environmental safety, and increasing crop productivity.
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INTRODUCTION 
Agriculture is a vital source of income for farming communities and plays a crucial role in ensuring financial security and national prosperity. However, intensive farming practices, such as monocropping, heavy machinery use, and excessive pesticide application, have led to ecological imbalances, soil degradation, and decreased productivity (Choudhary et al., 2023). To address these issues, crop diversification is essential. Integrating cereals, pulses, millets, oilseeds, fiber crops, and vegetables can help arrest declining productivity trends. Sugarcane monocropping and sugarcane-fallow systems, commonly practiced in Ghataprabha command areas of Karnataka, can negatively impact soil physical properties (Sadashivanagowda,2020). Crop diversification, including functional crop mixtures, can benefit soil health and fertility. In agro-ecosystems, functional crop mixtures comprise a combination of any of the four main categories: C3 type plant (like wheat), C4 type (like maize), legumes that fix nitrogen from the atmosphere, and non-leguminous plants (Vukicevich et al., 2016). This is because plants with different growth habits tend to thrive together in a community, benefiting from their diverse needs in terms of timing, spatial niche, and soil nutrient availability (Roscher et al., 2013). Legumes, in particular, offer unique benefits like Nitrogen fixation through root nodules, improving soil structure, and reducing soil compaction, deep rooting systems that enhance aggregation and promote drainage and also addition of organic matter, reducing N losses and soil erosion. Including legumes and other crops in sugarcane-based systems can improve soil physical properties, conserve natural resources, and stabilize farm productivity and income. This study aims to assess the influence of alternative crops and cropping systems for sugarcane on soil physical properties, providing insights into potential benefits.
MATERIAL AND METHODS
The field experiment was conducted at Agricultural Research Station, Hukkeri, Karnataka, India, from 2018 to 2020. The site's soil characteristics were medium black clay loam having normal pH of 7.81 and EC of 0.72 dSm-1, medium in organic carbon ( 0.53 %), low in available nitrogen (236.74 kg ha-1), medium in available phosphorus (14.79 kg ha-1) and high in available potassium (317.41 kg ha-1) and initial soil value of soil physical parameters viz., Porosity (54%), Aggregate stability (34%), Bulk density (1.24 Mg m - 3), Infiltration rate (0.31 cm h-1) and Maximum water holding capacity (43 %). The experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications and 11 treatments including 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 sugarcane (sole) [T11]. The intercropping treatments were in additive series. Recommended package of practices (RPP) was followed for seed rate, row spacing, and other inputs for kharif, rabi, and summer crops. Irrigation, plant protection, and weed management measures were taken as needed. Harvesting was done based on the maturity of individual crops during their respective seasons.. 

2.1 Soil sampling
The soil sample (0-15 cm) of the experimental field from each plot was collected at the end of crop sequence of a year for alternative crops and cropping systems for sugarcane The soil samples were examined for determining different soil physical properties by following standard procedures

Porosity was determined by the procedure as outlined by Black (1973).

                                                 Bulk density (g/cc) 

         Porosity (%) = 100 [1- –––––––––––––––––]

                                               Particle density (g/cc)
Per cent water stable soil aggregates (PAS) was determined by wet sieving method as described by Yoder (1936). The per cent aggregate stability was calculated using the following formula.

             (Weight of aggregates >0.25 mm + sand) - Weight of sand

PAS = –––––––––––––––––––––––––––--------------------------------x 100

                (Weight of sample - Weight of sand)

Bulk density of the soil was determined by Core sampler method as described by Black (1973) and expressed in Mg m-3.

Infiltration rate of the soil was measured using Double ring infiltrometer having a height of 30 cm and diameters of 40 cm and 20 cm for the outer and inner cylinders, respectively as described by Marshal and Strik (1950). The basic infiltration rate was recorded in cm per hour.

Maximum water holding capacity (MWHC) of the soil in percentage was determined by using Keen RaczKowaski Brass Cup as described by Piper (2002).

                         Weight of saturated soil – Weight of oven dry soil

 MWHC (%) = –––––––––––––––––––––––----------------------------- x 100

                                    Weight of oven dry soil
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 Influence of alternative crops and cropping systems on soil porosity (%)

The pooled data showed that soil porosity at the end of crop sequence of a year ranged from 50.12% to 59.73% among the different alternative cropping systems. Pigeon pea + green gram (1:1)-beans recorded the highest porosity (59.73%), significantly higher than the other systems. The next best systems for higher porosity were pigeon pea + soybean (1:1)-cowpea (58.57 %), soybean-wheat-green gram (58.28 %), soybean-wheat-groundnut (57.72 %), groundnut-sorghum-sesame (57.65 %) and soybean-sorghum-ridge gourd (57.17 %). However, the significantly lower porosity was noticed with T11 (50.12 %). This might be attributed to higher organic carbon in surface soils (Dhaliwal et al., 2019). The greater extent of added biomass from leguminous crops and green manures made soil porous, increase macropores, promote aggregate stability, and increase in microbial population and activity which makes the soil more voluminous (Bandyopadhyay et al., 2011)  and (Omollo, et al., 2016).Root channels and earthworm tunnels promote soil porosity, allowing air and water to percolate deep into the soil (Ananda et al., 2022). The addition of FYM promotes total porosity of the soil as the microbial decomposition products of organic matter such as polysaccharides and bacterial gums are known to act as soil particle binding agents. These binding agents may decrease the bulk density of the soil by improving soil aggregation and hence increase the porosity (Choudhary et al.,2023). Similar trend noticed for 2018 and 2019 (Table 1 and Figure 1).
3.2 Influence of alternative crops and cropping systems on aggregate stability (%)
The pooled data showed that soil aggregate stability at the end of crop sequence of a year ranged from 34.95 % to 43.17 % among the different cropping systems. Pigeon pea + green gram (1:1)-beans recorded the highest aggregate stability (43.17%), significantly higher than most systems, but on par with pigeon pea + soybean (1:1)-cowpea (43.02 %), groundnut-sorghum-sesame (41.77 %) and soybean-wheat-groundnut (41.17 %). The next best systems for higher aggregate stability were soybean-wheat-green gram (40.59 %), soybean-sorghum-ridge gourd (39.27 %) and Bt cotton-groundnut (38.08 %). Significantly lower aggregate stability was recorded in sugarcane (sole) (37.17%).This was due to integration of legumes with cereal cropping systems reported higher values of bulk density compared to cereal-cereal in rotation and there was increase in water stable aggregates in comparison to that of initial value in all the crop sequences (Choudhary et al.,2023).The stabilization of aggregates with the application of FYM and inorganic fertilizers to each crop, improves the physical condition of soil, may be caused by an increase in organic carbon content (Tripathi et al., 2014; Hazra et al., 2019). Similar trend was also observed for both the years (Table 1 and Figure 1). 
3.3 Influence of alternative crops and cropping systems on bulk density (Mg m-3)

The pooled data showed that soil bulk density ranged among the different cropping systems. Maize-cabbage-fallow system recorded significantly higher bulk density (1.34 Mgm-3) might be due to low organic matter content in the soil under this cropping system and it was on par with groundnut-sorghum-sesame (1.32 Mgm-3), maize-wheat-sesame (1.30 Mgm-3) and Bt cotton-groundnut (1.30 Mgm-3) compared to rest of the cropping systems. However, significantly lower bulk density was recorded in sugarcane (sole) (1.23 Mgm-3). This might be due to the higher amount of added biomass from leguminous crops made soil loose, porous, and less squeezed (Rahman et al., 2007). Crop diversity is one of the most important managements that can influence BD (Rorick and Kladivko 2017). The reduction in bulk density in plots where green manures were grown and incorporated was likely related to greater aggregate stability and greater residue accumulation compared to cereal based cropping systems (Kazula et al., 2017).  Similar trend was observed during 2019. However, the bulk density did not differ significantly for 2018 (Table 1 and Figure 1).

3.4 Influence of alternative crops and cropping systems on infiltration rate (cm h-1)
The pooled data showed that soil infiltration rate ranged among the alternative cropping systems. Pigeon pea + soybean (1:1)-cowpea recorded significantly higher infiltration rate (0.40 cm h-1) and it was on par with pigeon pea + green gram - beans, soybean-wheat-groundnut and soybean-wheat-green gram (T2, T4 and T7, 0.39 cm h-1), maize-wheat-sesame (0.37 cm h-1), soybean-sorghum-ridge gourd (0.36 cm h-1) and groundnut-sorghum-sesame (0.35 cm h-1).Significantly lower infiltration rate was recorded in Bt cotton-groundnut (0.31 cmh-1). This was due to increased crop diversity often leads to improved soil structure, porosity and water infiltration capacity, which in turn can enhance the soil's ability to absorb water.Soil cover throughout the season, litter fall especially from the pigeonpea crop, and better root anchorage might have improved the soil properties under cereal with legume cropping systems. On the other hand, lack of soil cover resulted in lower infiltration in sole sorghum(VishaKumari et al., 2024). The similar trend followed for 2019. However, the infiltration rate did not differ significantly for 2018 (Table 2 and Figure 1).

3.5 Influence of alternative crops and cropping systems on maximum water holding capacity (%)
The pooled data for maximum water holding capacity showed no significant differences among the cropping systems. However, pigeon pea + soybean (1:1)-cowpea recorded numerically higher maximum water holding capacity (49.45 %). This might be attributed to higher organic carbon in surface soils (Dhaliwal et al., 2019). During 2019, maximum water holding capacity indicated that among the cropping systems, pigeon pea + soybean(1:1)-cowpea recorded significantly higher water holding capacity (49.97 %) and it was on par with sugarcane + onion (1:2)(48.63 %), sugarcane (sole) (48.50 %), pigeon pea + green gram(1:1)-beans (47.23 %) and groundnut-sorghum-sesame (47.03 %). Significantly lower maximum water holding capacity was recorded with soybean-wheat-groundnut (43.17 %). Root channels and earthworm tunnels promote soil porosity, allowing air and water to percolate deep into the soil (Ananda et al., 2022). Cereal-legume cropping system stored amount of organic matter in to soil, by decomposition of organic matter, polysaccharides, fulvic acid, and humic acid are produced which bind soil particles, improve water stable aggregates and consequently increase  water holding capacity of soil (Sihag et al., 2023). Similar trend followed for 2018 also (Table 2 and Figure 1). 
Over two years, different cropping systems slightly improved soil physical parameters: viz., porosity ranged from 53.50 to 59.73 %, aggregate stability (36.02 to 43.17 %), bulk density (1.26 to 1.34 Mg m-3), infiltration rate (0.31 to 0.40 cm h-1) and maximum water holding capacity (43.08-49.45 %) compared to sugarcane (sole) and sugarcane in intercropping system. These improvements were attributed to the addition of organic matter by crops, integration of legumes with cereals, practicing of double/triple rotation cropping system, effect of organics and also crop cultivation practices (Omollo, et al., 2016). The ideal critical level of dry bulk density is 1.00 to 1.40 Mg m-3 for better plant root growth and water holding capacity (Arshadet al., 1996). Soils that receive higher organic matter can improve porosity, structure, water holding capacity, infiltration and decreased runoff (Tesfahunegn and Gebru, 2020 in cropping systems). Similar results were reported by Pikulet al. (2006) in cropping systems. 
CONCLUSION
It can be concluded that, alternative crops and cropping systems, such as legumes with cereals, vegetables, fiber crops, and oilseeds, have positive impacts on soil physical properties. These systems improve soil porosity and aggregate stability, reduce bulk density, enhancing soil structure and water movement, increase infiltration rate and water holding capacity, promote water stable aggregates, indicating improved soil stability and also shows lot of promises in alleviating soil degradation problems, soil health, environmental safety and increased crop productivity. By incorporating legumes into cereal-based systems or practicing crop diversification, farmers can promote soil stability, structure, and overall soil health, ultimately leading to more sustainable and productive agricultural systems. 
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Table 1.Soil physical parameters at the end of crop sequence of a year for alternative crops and cropping systems for sugarcane

	Treatment
	Porosity (%)
	Aggregate stability (%)
	Bulk density (Mg m- 3)

	
	2018
	2019
	Pooled
	2018
	2019
	Pooled
	2018
	2019
	Pooled

	T1 : Soybean - sorghum - ridge gourd
	56.97
	57.37
	57.17
	39.23
	39.30
	39.27
	1.29
	1.29
	1.29

	T2 : Pigeon pea + green gram (1:1) - beans 
	59.33
	60.13
	59.73
	42.90
	43.43
	43.17
	1.27
	1.26
	1.27

	T3 : Pigeon pea + soybean (1:1) - cowpea
	58.80
	58.33
	58.57
	42.93
	43.10
	43.02
	1.26
	1.25
	1.26

	T4 : Soybean - wheat - groundnut
	58.03
	57.40
	57.72
	41.90
	40.43
	41.17
	1.29
	1.29
	1.29

	T5 : Groundnut - sorghum - sesame
	58.13
	57.17
	57.65
	42.23
	41.30
	41.77
	1.31
	1.32
	1.32

	T6 : Maize - cabbage - fallow
	55.20
	57.37
	56.28
	34.97
	34.93
	34.95
	1.33
	1.34
	1.34

	T7 : Soybean - wheat - green gram
	57.80
	58.77
	58.28
	40.57
	40.61
	40.59
	1.28
	1.28
	1.28

	T8 : Maize - wheat - sesame
	53.57
	53.43
	53.50
	36.17
	35.87
	36.02
	1.30
	1.30
	1.30

	T9 : Bt cotton - groundnut
	56.30
	55.40
	55.85
	38.07
	38.10
	38.08
	1.30
	1.30
	1.30

	T10 : Sugarcane + onion (1:2) 
	52.67
	51.47
	52.07
	37.53
	37.70
	37.62
	1.25
	1.23
	1.24

	T11 : Sugarcane (sole)
	50.40
	49.83
	50.12
	37.13
	37.20
	37.17
	1.24
	1.22
	1.23

	S.Em. ±
	0.35
	0.43
	0.25
	0.96
	0.80
	0.84
	0.03
	0.01
	0.02

	LSD (p = 0.05)
	1.02
	1.27
	0.73
	2.84
	2.37
	2.47
	NS
	0.04
	0.05


NS - Non significant

Initial soil value: Porosity (%) : 54, Aggregate stability (%) : 34 and Bulk density (Mg m - 3) : 1.24
Table 2.Soil physical parameters at the end of crop sequence of a year for alternative crops and cropping systems for sugarcane 

	Treatment
	Infiltration rate (cm h-1)
	Maximum water holding capacity (%)

	
	2018
	2019
	Pooled
	2018
	2019
	Pooled

	T1 : Soybean - sorghum - ridge gourd
	0.33
	0.38
	0.36
	45.47
	45.63
	45.55

	T2 : Pigeon pea + green gram (1:1) - beans 
	0.36
	0.43
	0.39
	47.07
	47.23
	47.15

	T3 : Pigeon pea + soybean (1:1) - cowpea
	0.36
	0.44
	0.40
	48.93
	49.97
	49.45

	T4 : Soybean - wheat - groundnut
	0.34
	0.45
	0.39
	43.00
	43.17
	43.08

	T5 : Groundnut - sorghum - sesame
	0.32
	0.39
	0.35
	47.60
	47.03
	47.32

	T6 : Maize - cabbage - fallow
	0.32
	0.35
	0.34
	45.37
	45.03
	45.20

	T7 : Soybean - wheat - green gram
	0.36
	0.42
	0.39
	44.03
	44.13
	44.08

	T8 : Maize - wheat - sesame
	0.36
	0.37
	0.37
	46.00
	45.87
	45.93

	T9 : Bt cotton - groundnut
	0.29
	0.33
	0.31
	45.23
	45.50
	45.37

	T10 : Sugarcane + onion (1:2) 
	0.29
	0.37
	0.33
	48.40
	48.63
	48.52

	T11 : Sugarcane (sole)
	0.28
	0.36
	0.32
	48.40
	48.50
	48.45

	S.Em. ±
	0.03
	0.02
	0.02
	0.72
	1.09
	0.86

	LSD (p = 0.05)
	NS
	0.07
	0.05
	2.12
	3.22
	NS


NS - Non significant 

Initial soil value: Infiltration rate (cm h-1): 0.31 and Maximum water holding capacity (%): 43
Figure 1: Soil physical parameters at the end of crop sequence of a year for alternative crops and cropping systems for sugarcane (pooled 2018 and 2019)



