



Yield and Economics of Sweet Sorghum Varieties under Different Establishment Methods

ABSTRACT
Background: Sweet sorghum (Sorghum bicolour (L.) Moench) is a drought-resistant crop which can be grown year-round and helps in achieving food and fodder security. The performance of sweet sorghum cultivars in region-specific climatic conditions is influenced by abiotic and biotic factors. Aims: The study aims to evaluate the performance of different sweet sorghum varieties under different methods of planting. Method: The field experiment was conducted at the Instructional-cum-Research Farm of Assam Agricultural University, Jorhat, during two consecutive rabi seasons of 2018-19 and 2019-2020. The treatments consisted of four levels of sweet sorghum varieties, viz., V1 - SSV 84, V2 - ICSV 93046, V3 - Madhura and V4 - CSH 22SS and three types of planting methods, viz., M1- Direct sowing, M2 - Transplanting, and M3 – System of Sorghum Intensification (SSI). Results: The results from two-year trial indicated that out of four sweet sorghum varieties evaluated, sweet sorghum variety CSH 22SS resulted in highest grain yield of 1.97 t ha-1, straw yield of 4.48 t ha-1, ethanol yield (646.89 l ha-1), mean gross return of Rs. 111088.50 ha-1, net return of Rs. 77482.53 ha-1 and B: C ratio of 3.29. Among the methods of planting, the SSI recorded the highest grain yield of 2.04 t ha-1, straw yield of 4.48 t ha-1, ethanol yield (614.50 l ha-1), mean gross return of Rs. 112045.40 ha-1, net return of Rs. 77705.36 ha-1 and B: C ratio of 3.26 in sweet sorghum. The interaction effect of sweet sorghum varieties and methods of establishment was found to be significant in the case of maximum mean gross returns (Rs. 121611.40 ha-1), net returns (87221.37 ha-1) and B: C ratio (3.53) by V4M3, i.e. CSH 22SS in combination with the SSI method of establishment. Conclusion: The study concludes that the CSH 22SS variety with the System of Sorghum Intensification (SSI) method is the most productive and economically viable option for sweet sorghum cultivation.
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INTRODUCTION
“Sweet sorghum (Sorghum bicolour [L.] Moench) has emerged as a prospective bioethanol feedstock source” (Oliveria et al., 2022; Umakanth et al., 2024). “It is an important tropical cereal food, feed and fodder crop, and in India, it is cultivated in 4.48 million hectares with an annual production of 4.38 million tonnes.” (Tonapi, 2020). “Sorghum can mainly be classified into 3 cultivars, namely forage, grain, and sweet sorghum. The most utilised and popular is grain sorghum, while forage and sweet sorghum are uncommon. This might be attributed to a preference for cultivars that are well-marketed and researched with some additional socio-economic advantages” (Motsi et al., 2022; Nasidi et al., 2019). The National Policy on Biofuels, 2018, recognised the Sweet sorghum as a promising crop for bioethanol production. It can help in achieving the target of 20% blending of bioethanol with fossil-based fuels by 2030 (Saravanan et al., 2020). “The sorghum crop  is  a  C4  annual  or  short-lived perennial grass that typically has one generation per  growing  season.  Its root system  is  fibrous comprising  of  seminal  roots,  which  appear  at germination,  and  nodal,  crown  or  adventitious roots, which emerge later from the shoot” (Kazungu et al., 2023). Being a C4 crop, sweet sorghum has high photosynthetic efficiency, rapid growth, high sugar accumulation, drought resistance, waterlogging tolerance, etc., and is also well adapted to subtropical and temperate regions of the world. However, since sweet sorghum research is at a relatively initial stage of its development, continued research is required to achieve better genetic material that is suitable for local agro-climatic conditions (Mathur et al., 2017). The performance of sweet sorghum cultivars in region-specific climatic conditions is influenced by abiotic and biotic factors (Ndiaye et al., 2019). Sweet sorghum can be planted by various methods, and they differ from one agro-climatic zone to another, availability of labour, rainfall or irrigation source availability, seed availability, sowing time, purpose, etc. Apart from the directed seeded method and transplanting method, the System of Sorghum Intensification (SSI) is a new establishment method that applies System of Rice Intensification (SRI) principles to sweet sorghum. Adopting this method in sweet sorghum can result in several advantages similar to those of SRI, viz., greater root and canopy growth due to wider spacing, higher yields, reduced crop duration, less seed requirement, etc. (Adhikari et al., 2018). 
The objective of the present study is to evaluate the performance of different sweet sorghum varieties under different methods of planting.

MATERIALS AND METHODS
[bookmark: _GoBack]The experiment was conducted at the Instructional-cum-Research (ICR) Farm of Assam Agricultural University, Jorhat, Assam, which is situated in the Upper Brahmaputra Valley Zone, at a latitude of 26o45’ N, the longitude of 94o10’ E and an altitude of 91.0 meters above the mean sea level. The experimental area featured relatively flat terrain and effective drainage. Soil samples for preliminary examination were gathered from the test field. The entire experimental area has a sub-tropical humid climate characterized by hot summers and cold winters. The typical monsoon rains in this area begin in June and last until September, while pre-monsoon showers commence around mid-March. The amount of rainfall diminishes starting in October, hitting its lowest point in December/January. Typically, the highest temperature reaches 34-37°C in summer, while the lowest temperature drops to 8-10°C in winter. The study took place in the rabi seasons of 2018-19 and 2019-20. The overall precipitation throughout the crop growth phase in Rabi 2018 was 527 mm, while it was 307.10 mm in Rabi 2019. The period for crop growth spanned from September/October to February/March in each year. The average highest air temperature was greater, specifically 33°C in September 2018 and 32.5°C in October 2019. The average minimum temperature exceeded the usual levels for most months. The mean monthly relative humidity for Rabi 2018 ranged from 74 per cent in December 2018 to 91 per cent in September 2018. While for Rabi 2019, it ranged from 75 per cent during February 2020 to 89 per cent in October 2019. Two varieties of sweet sorghum, viz., SSV-84, ICSV-93046, and two hybrids, viz., Madhura and CSH 22SS, were used for this study. The seeds of SSV 84 and CSH 22SS were obtained from the ICAR-Indian Institute of Millets Research (IIMR), Hyderabad, Telangana, whereas the seeds of ICSV 93046 and Madhura were acquired from International Crops Research Institute for Semi-Arid Tropics (ICRISAT), Hyderabad, Telangana and Nimbkar Agricultural Research Institute (NARI), Phaltan, Maharashtra, respectively. Farmyard manure was used as an organic nutrient source, whereas Urea (46% N), Single Super Phosphate and Muriate of Potash were used as the inorganic sources of nitrogen (N), phosphorus (P) and potassium (K), respectively. 
RESULTS AND DISCUSSION: 
Ethanol yield (l ha-1): The ethanol yield (l ha-1) of sweet sorghum differed significantly due to different sweet sorghum varieties (V) and methods of planting and their interaction (V x M) was significant, and the recorded data is presented in Table 1-7. The results were interpreted based on the pooled data. The crop management compatible with the climatic and soil conditions and the variety preference, depending on the location, are crucial for attaining higher ethanol yield in sweet sorghum. The assessment of ethanol yield recorded that the CSH 22SS produced the highest values. The CSH 22SS recorded the highest ethanol yield (646.89 l ha-1) compared to the rest of the varieties. Among the different methods of establishments the SSI has recorded the highest ethanol yield (614.50 l ha-1). The increase in ethanol yield was attributed to the increase in extraction percentage, extractability and millable cane yield of sweet sorghum (Reddy, 2006). Perusal of the pooled data revealed that the interaction effect of varieties and method of establishments the CSH 22SS grown using SSI has given the highest ethanol yield (784.11 l ha-1). This might be due to the higher growth attributes recorded in CSH 22SS, coupled with the SSI method of establishment, which might have resulted in higher millable stalks and consequently the final ethanol yield. The results are corroborated by the findings of Mahmoud et al. (2013) and Botelho et al. (2022).
Table 1. Effect of varieties and methods of establishment on Ethanol yield (l ha-1) of Sweet sorghum
	Treatments
	Ethanol yield (l ha-1)

	
	2018
	2019
	Pooled

	VARIETIES (V)

	V1: SSV 84
	364.37
	402.49
	383.43

	V2: ICSV 93046
	425.95
	472.32
	449.13

	V3: MADHURA
	488.83
	546.72
	517.77

	V4: CSH 22SS
	621.04
	672.73
	646.89

	SEm (+)
	7.28
	7.76
	6.87

	CD (5 %)
	24.67
	26.30
	23.27

	METHODS OF ESTABLISHMENT (M)

	M1: Direct seeding
	356.95
	391.01
	373.98

	M2: Transplanting
	488.03
	530.83
	509.43

	M3: SSI
	580.17
	648.84
	614.50

	SEm (+)
	8.41
	8.96
	7.93

	CD (5%)
	21.36
	22.78
	20.15

	SEm (+)
	14.57
	15.53
	13.74

	CD (5%)
	42.73
	45.56
	40.30



Table. 2. Interaction effect of varieties and method of establishments on ethanol yield (l ha-1) of Sweet sorghum for the year 2018-19
	Methods of establishment
	Varieties

	
	V1: SSV 84
	V2: ICSV 93046
	V3: Madhura
	V4: CSH 22SS

	M1: Direct sowing
	299.00
	309.79
	339.20
	479.80

	M2: Transplanting
	378.25
	433.00
	501.63
	639.25

	M3: SSI
	415.88
	535.05
	625.65
	744.083

	SEm (+)
	14.57

	CD (5%)
	42.73



Table. 3. Interaction effect of varieties and method of establishments on ethanol yield (l ha-1) of Sweet sorghum for the year 2019-20
	Methods of establishment
	Varieties

	
	V1: SSV 84
	V2: ICSV 93046
	V3: Madhura
	V4: CSH 22SS

	M1: Direct sowing
	332.61
	343.40
	372.99
	515.05

	M2: Transplanting
	412.42
	478.24
	553.68
	679.00

	M3: SSI
	462.45
	595.31
	713.48
	824.13

	SEm (+)
	15.53

	CD (5%)
	45.56



Table. 4. Interaction effect of varieties and method of establishments on pooled ethanol yield (l ha-1) of Sweet sorghum
	Methods of establishment
	Varieties

	
	V1: SSV 84
	V2: ICSV 93046
	V3: Madhura
	V4: CSH 22SS

	M1: Direct sowing
	315.80
	326.60
	356.10
	497.42

	M2: Transplanting
	395.33
	455.62
	527.66
	659.13

	M3: SSI
	439.16
	565.18
	669.57
	784.11

	SEm (+)
	13.74

	CD (5%)
	40.30



Grain yield and Straw yield: The results regarding the grain yield, straw yield and harvest index as influenced by different varieties, method of establishments and their interaction were presented in the table. 5. The grain yield (t ha-1) and straw yield (t ha-1) of sweet sorghum differed significantly due to different sweet sorghum varieties (V) and methods of establishment (M), but their interaction (V x M) was non-significant. The harvest index was not significant either by the sweet sorghum varieties, the method of planting, or by their interaction. The CSH 22SS recorded significantly higher grain yield (1.97 t ha-1) and straw yield (4.48 t ha-1) than the other varieties. Genetic traits of hybrid CSH 22SS permitted the sorghum plant to transform higher solar energy into the production of a higher number of yield-attributing parameters and yield. Among different methods of establishment, it is evident from the data that the SSI method of establishment resulted in significantly higher grain yield (2.04 t ha-1), straw yield (4.48 t ha-1). Compatible results were also reported by Lestari et al. (2021), who found that the significant differences between the varieties in grain yield, straw yield and harvest index might be due to the different morphological and agronomical characters of the varieties evaluated. Despite the harvest index being non-significant, the highest harvest index was mainly due to the higher grain yield of hybrid CSH 22SS, which permits variation in the partitioning of photosynthates in the grain index. Similar results were reported by Vishwakarma et al. (2016).
Table. 5. Effect of varieties and methods of establishment on Grain yield (kg ha-1), Straw yield (kg ha-1) and Harvest index of Sweet sorghum
	Treatments
	Grain yield (kg ha-1)
	Straw yield (kg ha-1)
	Harvest Index

	
	2018
	2019
	Pooled
	2018
	2019
	Pooled
	2018
	2019
	Pooled

	VARIETIES (V)

	V1: SSV 84
	1.77
	1.85
	1.81
	3.95
	4.15
	4.05
	30.95
	30.79
	30.87

	V2: ICSV 93046
	1.75
	1.96
	1.85
	3.98
	4.23
	4.10
	30.58
	31.55
	31.06

	V3: MADHURA
	1.90
	1.96
	1.93
	4.33
	4.55
	4.44
	30.46
	30.11
	30.29

	V4: CSH 22SS
	1.95
	2.00
	1.97
	4.35
	4.61
	4.48
	30.92
	30.31
	30.61

	SEm (+)
	0.025
	0.011
	0.016
	0.048
	0.063
	0.054
	0.399
	0.321
	0.33

	CD (5 %)
	0.086
	0.037
	0.055
	0.164
	0.215
	0.183
	NS
	NS
	NS

	METHODS OF ESTABLISHMENT (M)

	M1: Direct seeding
	1.68
	1.66
	1.67
	3.88
	4.07
	3.97
	30.27
	29.08
	29.67

	M2: Transplanting
	1.89
	2.05
	1.97
	4.25
	4.45
	4.35
	30.77
	31.58
	31.17

	M3: SSI
	1.96
	2.12
	2.04
	4.33
	4.63
	4.48
	31.15
	31.42
	31.28

	SEm (+)
	0.029
	0.012
	0.018
	0.056
	0.073
	0.062
	0.461
	0.37
	0.38

	CD (5%)
	0.074
	0.032
	0.047
	0.142
	0.186
	0.159
	NS
	NS
	NS

	Interaction (V x M)

	SEm (+)
	0.050
	0.022
	0.032
	0.097
	0.127
	0.108
	0.798
	0.642
	0.67

	CD (5%)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



Economics: Based on the prevailing market price, the different components of economics were calculated. The usefulness of a treatment is judged by its net returns and benefit-to-cost ratio. Therefore, both the production of a crop and its cost of cultivation are equally important. The results were interpreted based on the mean data obtained during both years of experimentation. The data recoded under different components of economics in Table 6. revealed that among the different varietal treatments maximum mean gross returns (Rs. 111088.50 ha-1), mean net returns (Rs. 77482.53 ha-1) and mean B: C ratio (3.29) was recorded in CSH 22SS among the different sweet sorghum varieties The minimum mean gross return of Rs. 95987.08 ha-1, net return of Rs. 62646.08 ha-1and B: C ratio of 2.87 was recorded in SSV 84.  Among the different methods of establishment treatments, the SSI has resulted in more profit in terms of monetary returns as compared to other methods of establishment. The SSI recorded a mean gross return of Rs. 112045.40 ha-1, net return of Rs. 77705.36 ha-1 and B: C ratio of 3.26. The higher economic returns were obviously due to higher ethanol and seed yield in SSI. The lowest extreme of all these economic parameters was noticed in direct-seeded sorghum (M1) compared to the transplanted sweet sorghum (M2) and SSI.
Among different treatment combinations mentioned in Table 7, the highest monetary returns (mean gross returns of Rs. 121611.40 ha-1, mean net income of Rs. 87221.37 ha-1 and B: C ratio of 3.53) were observed in the CSH 22SS variety of sweet sorghum cultivated using the SSI method of establishment. The highest economic parameters (gross returns, net returns and B: C ratio) in CSH 22SS hybrid sweet sorghum cultivated using SSI might be due to the combined effect of high yielding variety, less seed rate and labour requirement. This results in reduced cost of cultivation while enhancing the labour productivity. Similar findings were also reported by Ravichandran et al. (2015); Anbarassan et al. (2021). 
Table 6. Effect of varieties and methods of establishment on economic indicators of Sweet sorghum
	Treatments
	Gross income (Rs. ha-1)
	Net income (Rs. ha-1)
	B:C ratio

	
	2018
	2019
	Mean
	2018
	2019
	Mean
	2018
	2019
	Mean

	VARIETIES (V)

	V1: SSV 84
	98006.72
	93967.43
	95987.08
	64665.72
	60626.43
	62646.08
	2.93
	2.81
	2.87

	V2: ICSV 93046
	100695.00
	98883.04
	99789.03
	67334.02
	65522.04
	66428.03
	3.01
	2.95
	2.98

	V3: MADHURA
	108058.00
	101674.40
	104866.20
	74288.65
	67905.04
	71096.85
	3.19
	3.00
	3.09

	V4: CSH 22SS
	115754.30
	106422.80
	111088.50
	82148.26
	72816.80
	77482.53
	3.43
	3.15
	3.29

	METHODS OF ESTABLISHMENT (M)

	M1: Direct seeding
	93766.44
	87175.85
	90471.15
	61992.44
	55401.85
	58697.15
	2.95
	2.74
	2.84

	M2: Transplanting
	108383.6
	104179.6
	106281.6
	73939.61
	69735.59
	71837.6
	3.14
	3.02
	3.08

	M3: SSI
	114735.4
	109355.3
	112045.4
	80395.44
	75015.29
	77705.36
	3.34
	3.18
	3.26



Table 7. Effect of different treatment combinations on economic indicators of Sweet sorghum
	Treatment combinations
	
Cost of cultivation (Rs. ha-1)
	Gross income (Rs. ha-1)
	Net income (Rs. ha-1)
	B:C ratio

	
	
	2018
	2019
	Mean
	2018
	2019
	Mean
	2018
	2019
	Mean

	V1M1
	31534.00
	89094.07
	83653.64
	86373.86
	57560.07
	52119.64
	54839.86
	2.82
	2.65
	2.73

	V1M2
	34249.00
	100234.30
	97432.17
	98833.25
	65985.32
	63183.17
	64584.25
	2.92
	2.84
	2.88

	V1M3
	34240.00
	104691.80
	100816.50
	102754.10
	70451.77
	66576.48
	68514.12
	3.05
	2.94
	3.00

	V2M1
	31534.00
	88341.20
	85160.52
	86750.86
	56807.20
	53626.52
	55216.86
	2.80
	2.70
	2.75

	V2M2
	34309.00
	102988.40
	103169.70
	103079.10
	68679.40
	68860.74
	68770.07
	3.00
	3.00
	3.00

	V2M3
	34240.00
	110755.40
	108318.90
	109537.20
	76515.45
	74078.86
	75297.15
	3.23
	3.16
	3.19

	V3M1
	32134.00
	95267.53
	87980.34
	91623.94
	63133.53
	55846.34
	59489.94
	2.96
	2.73
	2.85

	V3M2
	34684.00
	111589.40
	105802.20
	108695.80
	76905.41
	71118.19
	74011.80
	3.21
	3.05
	3.13

	V3M3
	34490.00
	117317.00
	111240.60
	114278.80
	82827.02
	76750.59
	79788.81
	3.40
	3.22
	3.31

	V4M1
	31894.00
	102362.90
	91908.92
	97135.93
	70468.95
	60014.92
	65241.93
	3.20
	2.88
	3.04

	V4M2
	34534.00
	118722.30
	110314.30
	114518.30
	84188.33
	75780.26
	79984.29
	3.43
	3.19
	3.31

	V4M3
	34390.00
	126177.50
	117045.20
	121611.40
	91787.51
	82655.23
	87221.37
	3.66
	3.40
	3.53



CONCLUSION
 In terms of ethanol yield (l ha-1), grain yield (l ha-1), straw yield (l ha-1), and economic parameters, the sweet sorghum hybrid CSH 22SS outperformed the four sweet sorghum varieties (SSV 84, ICSV 93046, Madhura, and CSH 22SS) assessed in the two-year field trials. When compared to other ways of establishment, sweet sorghum's performance was more significant in SSI. It is determined that Sweet sorghum CSH 22SS should be grown utilizing SSI as a method of establishment in order to get the highest yield (ethanol, grain, and straw) and maximum economic returns.
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