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Agronomic nutrient use efficiency and economic efficiency of alternative crops and cropping systems for sugarcane in tropical India
ABSTRACT

A field experiment was conducted at the Agricultural Research Station, Hukkeri, Belagavi, Karnataka, India, during the years of 2018-19 and 2019-20. The study aimed to evaluate the agronomic nutrient use efficiency and economic efficiency of alternative crops and cropping systems for sugarcane under tropical Indian conditions. Eleven treatments involving different cropping systems were tested, which were 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 experiment was laid out in a randomized complete block design with three replications. The results showed statistically significant variations among the cropping systems in terms of Sugarcane Equivalent Yield (SEY), agronomic nutrient use efficiency (ANUE) and economic efficiency. The maize-cabbage-fallow system outperformed other cropping systems in respect of SEY (179.08 t ha-1), ANUE (173.95 kg kg-1] and economic efficiency (Rs. 3343 ha-1 day-1). Sugarcane + onion intercropping also recorded the higher total ANUE (258.97 kg kg-1) but the lower economic efficiency (Rs. 381 ha-1 day-1) as compared to that of other cropping systems. Notably, alternative cropping systems involving only field crops, such as maize-wheat-sesame, soybean-wheat-groundnut, soybean-wheat-green gram, and Bt cotton-groundnut, demonstrated promising results. These cropping systems showed 10 times higher economic efficiency compared to sugarcane monocropping and sugarcane + onion (1:2) intercropping systems.
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INTRODUCTION 

Sugarcane is a vital commercial crop in India, holding a prominent position as a cash crop. Beyond its economic significance, sugarcane contributes to energy demands through co-generation, alcohol production, and other high-value products. Moreover, it provides livelihoods to millions of farmers and industrial workers. Globally, the top sugarcane-producing countries are Brazil, India, China, Thailand, Pakistan, Mexico, Colombia and Australia. Worldwide, sugarcane occupies an area of 26.54 million hectares, with a production of 1,861 million tons and a productivity of 70.13 t ha-1. In India, sugarcane is cultivated on 5.61 million hectares, yielding 442.5 million tons with a productivity of 69.11 t ha-1. The leading sugarcane-producing states in India are Uttar Pradesh, Maharashtra, Karnataka, Tamil Nadu, Bihar, Gujarat, Haryana, Punjab, and Andhra Pradesh. In Karnataka, sugarcane is grown on approximately 6.37 lakh hectares, with a production of 61.15 million tons and a productivity of 96 t ha-1 (Hanji et al., 2024).
Sugarcane monocropping and sugarcane-fallow systems are widely practiced in tropical regions. However, continuous monocropping has led to decreased sugarcane productivity due to soil degradation, including fertility decline, salinity, alkalinity, and waterlogging. Additionally, nutrient imbalances, pest and disease pressure, and rising cultivation costs have contributed to declining farm productivity and crop yields. To address these issues, crop diversification is crucial for increasing the crop productivity and improving the soil health. Integrating cereals, pulses, millets, oilseeds, fiber crops, and vegetables into sugarcane-based systems can help mitigate the declining productivity trend. Leguminous crops, in particular, offer benefits like atmospheric nitrogen fixation and residual nitrogen for non-legume crops (Pandey et al., 2016). Fallow periods can also increase mineral nitrogen content in the soil profile, reducing the need for nitrogen fertilizers (Shakoor et al., 2022).Crop diversification has shown promise in adapting to low soil moisture conditions, with crop type playing a mediating role (McDaniel et al., 2014; Tiemann et al., 2015). By adopting diversified cropping systems, farmers can potentially improve soil health, reduce environmental degradation, and increase farm resilience. Diversified farms are more resilient both economically and ecologically. In contrast, monoculture farming, while efficient and easy to manage, poses significant risks. A single crop failure can have devastating effects on farm viability and community stability. Diversifying and intensifying the alternative cropping systems can increase productivity per unit area, making it a crucial strategy. Crop diversification holds promise in addressing these challenges while ensuring basic needs, soil health, and environmental safety. However, there is a knowledge gap regarding nutrient use efficiency and economic efficiency of alternative crops compared to sugarcane monocropping. This study aims to investigate agronomic nutrient use efficiency, and economic efficiency of alternative crops and cropping systems for sugarcane, integrating different crops to sustain productivity and farmers' income throughout the year.
MATERIAL AND METHODS

The field experiment was conducted from the years of 2018-19 to 2019-20 at the Agricultural Research Station, Hukkeri, located in the Northern Transition Zone (Agro-climatic Zone 8)  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) of Karnataka. The experimental site's soil was characterized as medium black clay loam with 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). The experiment was designed as a Randomized Complete Block Design (RCBD) with three replications and 11 treatments 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]. 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.
To workout the various parameters by using formula given below:

Sugarcane Equivalent Yield (SEY) was worked out by the following formula

              Yield of intercrop/base/sole crop (kg ha-1) x Price of intercrops/base/sole crop (Rs.ha-1)

                          = ––––––––––––––––––––––––––––––-----------------------------------------------------

                                                                    Price of sugarcane (Rs. ha-1)

Agronomic Nitrogen (N) / Phosphorus (P) / Potassium (K) Use Efficiency was worked out by the following formula and it was expressed as kg kg-1.

                                        Economic yield (kg ha-1) of respective crop

                                    = –––––––––––––––––––––––––––––––––

                                         N/P/K applied (kg ha-1) as recommended for each crop

.

Agronomic Nutrient Use Efficiency was worked out by the following formula and expressed as kg kg-1.

                                           Economic yield (kg ha-1) of respective crop

                                  =       –––––––––––––––––––––––––––––––

                                         N, P2O5 and K2O applied (kg ha-1) as recommended for each crop

Economic efficiency was worked out by the following formula and expressed in Rs. ha-1 day-1.

                                           Total net returns of sequence (Rs. ha-1) 

                                        = –––––––––––––––––––––

                                          Total duration of the sequence (days)

RESULTS AND DISCUSSION 

3.1 Sugarcane equivalent yield (SEY) 

The pooled data for two years (2018-19 and 2019-20) showed that the maize-cabbage-fallow system (T6) recorded the highest total Sugarcane Equivalent Yield (SEY) of 179.08 t ha-1, significantly outperforming other cropping systems and sugarcane (sole). This represented an increase of 61.33% over sugarcane (sole). However, the sugarcane + onion (1:2) intercropping system (T10) also recorded a significantly higher total SEY of 157.91 t ha-1, representing a 42.26% increase compared to sugarcane (sole) (T11, 111.00 t ha-1). Sugarcane (sole) was at par with soybean-wheat-groundnut (T4, 120.24 t ha-1 and 8.32% increase), maize-wheat-sesame (T8, 117.96 t ha-1 and 6.27% increase),  pigeon pea  + green gram (1:1) - beans  (T2, 108.17 t ha-1),  soybean-wheat-green gram (T7, 107.55 t ha-1), groundnut-sorghum- sesame (T5, 103.70 t ha-1), soybean-sorghum-ridge gourd (T1, 103.08 t ha-1) and Bt cotton-groundnut (T9,101.71 t ha-1). In contrast, the pigeon pea + soybean (1:1)-cowpea system (T3) recorded the lowest total SEY of 81.05 t ha-1 as mentioned in Table 1.
The higher total SEY in maize-cabbage-fallow system was due to high yielding potentiality of these crops and prevailing higher market price for the produces. The system productivity was also higher in the cropping system due to the inclusion of high value crops. The higher total SEY in sugarcane + onion (1:2) cropping system was due to the fact that onion fetched better price in the market besides having higher productivity. The other high yielding cropping systems performed better due to their individual crop yield potential ability, higher prices for their respective produce and also residual advantages of legume crops to the succeeding crops. 

The maize-cabbage-fallow system's higher total SEY can be attributed to the high yielding potential of these crops and the prevailing higher market prices for the produces. Similarly, the sugarcane + onion (1:2) cropping system's higher total SEY was due to onion's better market price as well as higher productivity. Other high-yielding cropping systems performed well due to their individual crop yield potential, higher prices for their produces, and residual benefits from legume crops to subsequent crops. Mishra et al. (2007) also observed higher productivity with inclusion of vegetables in rice-based cropping systems. These results are in agreement with the findings of Mukherjee (2010 and 2016) in rice-mung and rice-cauliflower, Gangwar and Singh (2011) in maize-groundnut, Ashutosh et al. (2018) in pigeon pea + black gram and Bhargavi and Behera (2019) in bottle gourd-onion systems. These studies support the idea that diversifying cropping systems with high-value crops can lead to increased productivity and profitability.
3.2 Agronomic nutrient (NPK) use efficiency (ANUE)
The pooled data for two years revealed that the pigeon pea + soybean (1:1) – cowpea cropping system recorded the highest total agronomic nutrient use efficiency (ANUE-NPK) based on Sugarcane Equivalent Yield (SEY) (T3, 1077.18 kg kg-1). This was statistically similar with several other cropping systems viz., pigeon pea + green gram (1:1) – beans (T2, 1074.28 kg kg-1), soybean-wheat-groundnut (T4, 1040.82 kg kg-1), maize-wheat-sesame (T8, 1011.65 kg kg-1) and soybean-wheat-green gram (T7, 1007.66 kg kg-1). The higher ANUE-NPK in these systems can be attributed to seasonal variations in ANUE for NPK due to differences in crops and nutrient recommendations, inclusion of pulse crops, which enhance soil fertility through leaf shedding, nitrogen fixation, and positive impacts on soil micro-flora and fauna. Nitrogen application as a starter dose stimulated growth and biological nitrogen fixation (Aulakh et al., 2002). Phosphorus application increased effective nodules and improving biological nitrogen fixation efficiency (Sekhon et al., 1983). Potassium application improved crop yields (Singh et al., 1992; Pasricha and Bahl, 1996). These findings highlighted the importance of balanced nutrient management and crop selection in optimizing agronomic nutrient use efficiency [Table 2].
The higher total Agronomic Nutrient Use Efficiency (ANUE) based on Sugarcane Equivalent Yield (SEY) were also observed in groundnut-sorghum-sesame (T5, 991.19 kg kg-1) and Bt cotton-groundnut (T9, 726.94 kg kg-1) cropping systems. These were due to differences in their yield potential and SEY, genetic makeup, differences in nutrient requirement, method of application and uptake of nutrients by the plants. The results are consistent with the previous findings of Aulakh et al. (2002) and Panwar et al. (2019) reported similar results in rice-wheat systems.
Comparatively the higher total ANUE was also recorded in sugarcane + onion (1:2) (T10, 258.97 kg kg-1) followed by  Sole sugarcane (T11, 215.55 kg kg-1). The next best higher total (NPK) ANUE cropping systems were T6 (173.95 kg kg-1), T8 (69.56 kg kg-1), T1 (69.19 kg kg-1), T4 (66.13 kg kg-1), T2 (65.64 kg kg-1) and T7 (57.45 kg kg-1). The differences in ANUE can be attributed to factors such as yield potentiality, nutrient uptake, fertilizer application, better crop management practices and nutrient conversion ratio in plant systems. Balanced use of NPK helped in better utilization of native and applied nutrients and enhanced the nutrient use efficiency. Combined application of NPK increased the recovery upto 76 per cent over conventional N and P application (Casman et al., 1996 in rice). Balanced use of NPK and proper crop management practices can lead to better utilization of native and applied nutrients, enhanced nutrient use efficiency, Increased partial factor productivity and Improved conversion of solar energy to economic yield (Jat et al., 2011 in cereals). 
3.3 Economic efficiency 
The pooled data for total economic efficiency indicated that, among the cropping systems, maize-cabbage-fallow recorded the higher economic efficiency (T6, Rs.3343 ha-1 day-1) compared to other cropping systems. Statistically identical total economic efficiency were recorded in the cropping systems of soybean-wheat-green gram (T7, Rs. 1552 ha-1 day-1), soybean-wheat-groundnut (T4, Rs.1487 ha-1 day-1), pigeon pea + green gram (1:1)-beans (T2, Rs. 1459 ha-1 day-1) and maize-wheat-sesame (T8, Rs. 1373 ha-1 day-1). In contrast, sugarcane (sole) (T11) and sugarcane + onion (1:2) (T10) recorded significantly the lower economic efficiency (Rs. 334 ha-1 day-1 and Rs.381 ha-1 day-1, respectively) The higher economic efficiency in these systems can be attributed by higher net returns from respective crops and their crop duration. Profitability depends on the duration of the crop and net returns of the system (Sridhar et al., 2017 in cotton-sesame). The similar results were also reported by Singh and Kumar (2014) in rice-wheat, Singh et al. (2012) and Sachin et al. (2017) in rice based cropping system. The results highlighted the importance of selecting cropping systems that optimized the economic returns and duration [Table 3]. 

CONCLUSION 

It can be concluded that, considering field crop + vegetable alternative cropping system for sugarcane, maize-cabbage fallow system recorded the highest Sugarcane Equivalent Yield (SEY) [179.08 t ha-1] , total ANUE (173.95 kg kg-1) and economic efficiency (Rs.3343 ha-1 day-1) compared to other cropping systems as examined in this experiment.. Sugarcane + onion intercropping recorded the higher total agronomic ANUE [258.97 kg kg-1] and the lower economic efficiency (Rs.381 ha-1 day-1). However, ANUE and economic efficiency in sugarcane (sole) were 215.55 kg kg-1 and Rs.334 ha-1 day-1, respectively. Alternative cropping systems involving only field crops showed higher ANUE and economic efficiency, such as maize-wheat-sesame (1011.65 kg kg-1 and Rs. 1373 ha-1 day-1,  respectively), soybean-wheat-groundnut (1040.82 kg kg-1 and Rs.1487 ha-1 day-1,  respectively), soybean-wheat-green gram (57.45 kg kg-1 and Rs. 1552 ha-1 day-1, respectively) and Bt cotton-groundnut (726.94 kg kg-1 and Rs. 1024 ha-1 day-1, respectively). Adopting alternative cropping systems can lead to a 10-fold increase in economic efficiency compared to sugarcane monocropping and sugarcane + onion intercropping systems.
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Table 1: Sugarcane equivalent yield (SEY) of alternative crops and cropping systems (pooled) 

	Treatment
	Sugarcane equivalent yield (t ha - 1)

	
	Kharif
	Rabi
	Summer
	Total
	% deviation over T11

	T1 : Soybean - sorghum - ridge gourd
	39.56
	23.95
	39.58
	103.08
	-7.14

	T2 : Pigeon pea + green gram (1:1) - beans 
	18.92
	37.31
	51.94
	108.17
	-2.55

	T3 : Pigeon pea + soybean (1:1) - cowpea
	12.71
	38.67
	29.67
	81.05
	-26.98

	T4 : Soybean - wheat - groundnut
	41.22
	36.99
	42.03
	120.24
	+8.32

	T5 : Groundnut - sorghum - sesame
	44.84
	25.73
	33.13
	103.70
	-6.58

	T6 : Maize - cabbage - fallow
	51.52
	127.57
	- - -
	179.08
	+61.33

	T7 : Soybean - wheat - green gram
	41.09
	38.16
	28.30
	107.55
	-3.11

	T8 : Maize - wheat - sesame
	50.59
	35.05
	32.32
	117.96
	+6.27

	T9 : Bt cotton - groundnut
	58.04
	
	43.67
	101.71
	-8.37

	T10 : Sugarcane + onion (1:2) 
	
	44.39
	113.52
	157.91
	+42.26

	T11 : Sugarcane (sole)
	
	
	111.00
	111.00
	---

	S.Em. ±
	2.23
	1.64
	2.18
	3.72
	---

	LSD (p = 0.05)
	6.71
	4.91
	6.46
	10.98
	---


Table 2: Agronomic nutrient use efficiency (NPK) of alternative crops and cropping systems for sugarcane   

	Treatment
	Agronomic nutrient use efficiency (kg kg - 1)
	Total
	Total agronomic nutrient use efficiency (kg kg - 1) based on SEY

	
	Kharif
	Rabi
	Summer
	
	

	T1 : Soybean - sorghum - ridge gourd
	15.05
	8.38
	45.76
	69.19
	656.39

	T2 : Pigeon pea + green gram (1:1) - beans 
	7.94
	19.47
	38.23
	65.64
	1074.28

	T3 : Pigeon pea + soybean (1:1) - cowpea
	14.53
	20.16
	13.55
	48.25
	1077.18

	T4 : Soybean - wheat - groundnut
	15.69
	28.28
	22.16
	66.13
	1040.82

	T5 : Groundnut - sorghum - sesame
	23.55
	8.99
	8.60
	41.15
	991.19

	T6 : Maize - cabbage - fallow
	34.99
	138.96
	- - -
	173.95
	634.57

	T7 : Soybean - wheat - green gram
	15.63
	29.15
	12.67
	57.45
	1007.66

	T8 : Maize - wheat - sesame
	34.36
	26.80
	8.41
	69.56
	1011.65

	T9 : Bt cotton - groundnut
	11.00
	
	23.02
	34.03
	726.94

	T10 : Sugarcane + onion (1:2) 
	
	38.55
	220.42
	258.97
	590.35

	T11 : Sugarcane (sole)
	
	
	215.55
	215.55
	215.55

	S.Em. ±
	0.97
	1.03
	2.73
	3.00
	29.32

	LSD (p = 0.05)
	2.91
	3.10
	8.10
	8.85
	86.49


Note : For T2, T3 and T10,  nutrient use efficiency of the intercropping systems was calculated considering addition of nutrient applied to individual crops and main/base crop equivalent yield of intercrops.

Table 3: Economic efficiency for alternative crops and cropping systems for sugarcane

	Treatment
	Economic efficiency (Rs. ha- 1 day - 1)

	
	2018
	2019
	Pooled

	
	Kharif
	Rabi
	Summer
	Total
	Kharif
	Rabi
	Summer
	Total
	Kharif
	Rabi
	Summer
	Total

	T1 : Soybean - sorghum - ridge gourd
	609
	122
	357
	1089
	499
	202
	289
	990
	554
	162
	323
	1039

	T2 : Pigeon pea + green gram (1:1) - beans 
	515
	340
	491
	1345
	446
	383
	744
	1573
	480
	361
	617
	1459

	T3 : Pigeon pea + soybean (1:1) - cowpea
	234
	362
	461
	1057
	171
	400
	461
	1032
	203
	381
	461
	1044

	T4 : Soybean - wheat - groundnut
	649
	396
	385
	1430
	544
	451
	550
	1545
	596
	423
	467
	1487

	T5 : Groundnut - sorghum - sesame
	507
	142
	520
	1169
	447
	201
	394
	1042
	477
	171
	457
	1106

	T6 : Maize - cabbage - fallow
	676
	2170
	- -
	2846
	510
	3329
	- - -
	3840
	593
	2749
	- - -
	3343

	T7 : Soybean - wheat - green gram
	647
	427
	457
	1531
	532
	467
	574
	1573
	590
	447
	515
	1552

	T8 : Maize - wheat - sesame
	656
	333
	490
	1479
	496
	384
	388
	1268
	576
	358
	439
	1373

	T9 : Bt cotton - groundnut
	601
	
	422
	1023
	442
	
	583
	1025
	522
	
	503
	1024

	T10 : Sugarcane + onion (1:2) 
	
	- 35
	305
	270
	
	96
	394
	490
	
	31
	350
	381

	T11 : Sugarcane (sole)
	
	
	293
	293
	
	
	375
	375
	
	
	334
	334

	S.Em. ±
	61.21
	61.34
	51.70
	97.00
	59.76
	69.68
	57.98
	82.41
	41.60
	32.50
	43.35
	70.49

	LSD (p = 0.05)
	183.50
	183.91
	153.61
	286.14
	179.16
	208.89
	172.26
	243.12
	124.73
	97.44
	128.80
	207.93


Note : Individual crops were considered for calculation of sugarcane equivalent yield and respective crop duration  
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