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The study entitled “Yield Gap Analysis of Rabi Sorghum Cultivation in Amravati District of Maharashtra” was undertaken during 2024–25 to assess the extent of yield gaps, identify their determinants, and analyze the constraints limiting productivity. The Amravati district was purposively selected due to its significant area under rabi sorghum. Three tehsils Dharni, Chikhaldara, and Dhamangaon Railway were chosen, and from each, two villages were randomly selected. A total of 120 farmers were surveyed using a random sampling method. The IRRI (International Rice Research Institute) methodology was employed to estimate yield gaps, while Garrett’s Ranking Technique was applied to rank production constraints. The findings revealed that the potential yield of sorghum was 3100 kg/ha, the potential farm yield (demonstration plot) was 2080 kg/ha, and the actual farm yield was 1966 kg/ha. Consequently, Yield Gap I, II, and III were estimated at 32.90%, 5.45%, and 36.56%, respectively. A fitted quadratic trend showed an accelerating pattern in yield gap growth over time. The path analysis of input use revealed variations in the direct and indirect effects of labour, manure, fertilizer, and plant protection across small, medium, and large farms, highlighting the inefficiencies in resource utilization and technological adoption. Major constraints identified by the farmers were lack of technical knowledge (65.49 %), shortage of labour (50.26 %), and crop damage by wild animals and birds (49.44 %), followed by non-availability of quality seed and pest/disease infestation. The study concludes that there exists a considerable scope for improving sorghum productivity in Amravati district through enhanced extension support, timely input supply, and capacity-building programmes to bridge the technological and management gaps among farmers.
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Introduction
Sorghum is the world’s fifth-most important crop after rice, wheat, maize and barley. It is scientifically known as Sorghum bicolar L. belongs to Gramineae family and is popularly known as ‘Jowar' in India. Among other millets, a large size is referred to as a ‘Great millet'. It is also known as the "King of Millets". Sorghum is a major and important food grain in our country. Sorghum is the best alternative for extreme weather conditions and well suited to drought prone regions. It is also called as Camel crop. Jowar (Sorghum) is traditionally grown for food and fodder purposes. Sorghum has the potential for grain production even under low rainfall and they sustain adverse agroclimatic conditions. In India it is a staple food in the states of Maharashtra and parts of Karnataka, Madhya Pradesh, Tamil Nadu, Gujarat and Andhra Pradesh. Sorghum is cultivated in India during Kharif and Rabi seasons. Sorghum is widely used as animal feed, especially for poultry, cattle and pigs. It has high nutritional value, is easily digestible and can replace or supplement other grains in livestock diets. Sorghum's economic importance in the livestock industry lies in its role as a cost-effective feed option, contributing to the profitability and sustainability of livestock management. Among the dry fodder, sorghum kadba is exceptionally much favoured and preferred by all sorts of livestock viz., drought animals, milch animals and other pet animals. Green leaves and stalks are also utilized as fodder for live stocks. Poultry industry is the major region where sorghum grains is utilized as poultry nourish.Sorghum is considered a valuable feedstock for biofuel production, particularly ethanol. The stalks and grain of sorghum can be converted into bioethanol, which serves as an alternative to fossil fuels and reduces greenhouse gas emissions. The growing demand for renewable energy sources and the push for sustainable biofuels contributes to the economic significance of sorghum in the bioenergy sector. World sorghum production in 2024-25 is estimated as United states being largest producer of sorghum produces 8.73 (metric tonnes) contributed 14.0 per cent globally, ranks first in production followed by Nigeria (6.9 metric tonnes), India (5.27 metric tonnes), Brazil (5.0 metric tonnes) and Mexico (4.2 metric tonnes) which has 11.0, 8.0, 8.00 and 7.0 per cent share respectively. Ethiopia produces 4.1 metric tonnes contributing 7.0 per cent share globally. It ranks sixth in production next to Brazil. (Source: United States Department of Agriculture, 2024-25).The area, production and yield of kharif sorghum 2024-25 in India was 14.21 lakh hectare, 17.13 lakh tonnes and 1071 kg/ ha, respectively. Area, production and yield of rabi sorghum in India was 25.14 lakh hectare, 30.86 Lakh tonnes and 1086 kg/ha, respectively. (Source: Ministry of Agriculture and Farmers Welfare, Govt. of India, 2024-25) Among the states, the Maharashtra stood first in area, production and yield of rabi sorghum in (2024-25) was 15.46 lakh hectare, 17.13 lakh tones and 1108.32 kg/ha, respectively. The major sorghum growing states in 2024-25 was Karnataka, Rajasthan, Uttar Pradesh, Andhra Pradesh and Tamil Nadu with production 7.06, 5.27, 4.62, 2.93 and 2.83 lakh tonnes, respectively. (Source: Ministry of Agriculture and Farmers Welfare, Govt. of India, 2024-25)In Amravati the area, production and productivity of kharif sorghum in (2024-25) was 80.67 hundred hectare, 74.94 hundred tonnes, 928.95 kg/ha, respectively. The area, production and productivity of rabi sorghum in Amravati district (2024-25) was 4.30 hundred hectare, 3.41 tonnes, 793.68 kg/ha, respectively. (Source: Third advance estimates of area, production and productivity, 2024-25) 
Methodology
Study Area
The study was conducted in the Amravati district of Maharashtra state for the year 2024-25. The district was selected purposely based on the performance of rabi sorghum production. In all, a total of fourteen tehsils are present in the Amravati district out of which three tehsils namely Dharni, Chikhaldara and Dhamangaon Rly. and were selected for the study. Two villages from each tehsil were selected randomly. From each village, twenty farmers were selected randomly. Thus, a total of six villages and one-twenty farmers were selected purposively for assessing the economics and efficiencies of rabi sorghum.


Data analysis Methods 
Yield Gap Analysis 
To estimate the yield, gap the methodology developed by "International Rice Research Institute" (IRRI), Philippines was used. The following important concepts used in the present study. 
Yield Gap I 
It is the difference between potential yield and potential farm yield. i.e. 
(Yp - Yd). 
Yp = Potential yield (Yield realized at research station). 
Yd = Potential farm yield (Yield realized on demonstration plot). 
Yield Gap II 
It is the difference between potential farm yield and actual yield. i.e.
 (Yd-Ya) 
Yd = Potential farm yield (Yield realized on demonstration plot) 
Ya = Actual yield (Yield realized on sample farm)
 Yield Gap III 
It is a difference between potential yield and actual yield. i.e. 
(Yp - Ya) 
Yp = Potential yield (Yield realized at research station) 
Ya = Actual yield (Yield realized on sample farm)
Magnitude and direction of yield Gap
	The magnitude and direction of yield gap was studied by fitting quadratic function.
                   Y = a + bT±cT2
Where,
Y =Yield Gap III
T =Time
So, about existing of acceleration or deceleration with a specified time period is based on the sign and statistical significance of the estimation of c in the quadratic trend function.
Factors contributing in yield 
The factor contributing towards yield gap studied using path analysis. Path coefficient analysis technique was carried out to estimate direct and indirect contribution of input gap (X) is to yield gap (Y). A path coefficient is the ratio of the standard deviation of the effect or it is a standardized partial regression coefficient (Deway and Lu, 1959). In the present investigation, the effect of difference actual utilization of key inputs and human labour (pd), bullock labour (Pd), planting material (tonnes), and plant protection (Rs) between the farmers and field demonstration plant [independent variable (xi)) were used. The path coefficients across different categories of farm were studied by solving the following simultaneous equations.
ry1       = Py1+r12Py2 + r13Py3+ r14Py4 + r15Py5  	     	…...……………… (1)
ry2      = r21Py1 + Py2+ r23Py3 + r24Py4 + r25Py5  	       	…………………....(2)
ry3      =r31Py1+ r32Py2 + Py3 + r34Py4 +r35Py5                  ….............................(3)
ry4      =r41py1 + r42Py2 + r43Py3 + Py4 + r45Py5                       	.……………….…. (4)
ry5     =r51Py1 + r52Py2+ r53Py3 + r54py4 + Py5                       	……………….….. (5)
The generalized formula may be written as
ryi = r1iPy1 +r2iPy2 +r3iPy3 +....................+rniPyn      ………..............(6)
Where, I = (1 to 5) is the correlated cause and y is the effect
Pyi = bi                          ………. …………...(7) 
	The direct effect are given by the path coefficient (Pyn).
The indirect effect is given by

The unexplained variance (residual effect) not accounted for the included variables can be obtained by
Pyj = (1-R2)1/2   …………………………………….(9)
Where,    
[image: ]

Garret Ranking Technique: 
This technique is used to evaluate the problems faced by the Sorghum growers during the production process. In this method, the turmeric cultivators were asked to rank the constraints facing by them according to the magnitude of the problem. The order of merit given by the respondents were converted into ranks by using the following formula. 
Percentage Position = 100 (𝑅𝑖𝑗−0.5) / 𝑁𝑗
Where, 𝑅𝑖𝑗 = Rank given for ith item and jth individual 𝑁𝑗 = Number of items ranked by jth individual.
The percentage position of each rank thus obtained was converted into scores by referring to the table given by Henry Garrett. Then for each factor the scores of individual respondents were added together and divided by the total number of respondents for whom the scores were added. These mean scores for all the factors were arranged in the order of their ranks and inferences were drawn.
Results and Discussions 
The study was undertaken with the overall objective of estimating the magnitude of yield gap and factor contributing to yield gap in sorghum production. The results obtained are presented in table. It is observed from above table 1 that, there existed a sizable gap in the Sorghum productivity between research station, demonstration plots and sample farmer’s fields. In Sorghum potential yield at research station was 3100 kg/ha while potential farm yield at demonstration plots was 2080 kg/ha. The actual yield of sample farm was 1966 kg/ha. The yield gap-I for Sorghum was 1020 kg (32.9%) and yield gap-II was 114 kg (5.45%). The total yield gap -III was observed at 1134 kg (36.56%). 
Table. 1. Yield gap in Rabi Sorghum (kg/ha)
	Sr. No.
	Particulars
	Yield

	1. 
	Potential Yield
	3100

	2. 
	Potential Farm Yield
	2080

	3. 
	Actual Yield
	1966

	4. 
	Yield Gap-I
	1020

	5. 
	Yield Gap-II
	114

	6. 
	Yield Gap-III
	1134

	7. 
	Percent Yield Gap-I
	32.9

	8. 
	Percent Yield Gap-II
	5.45

	9. 
	Percent Yield Gap-III
	36.56


Table 2. Magnitude and direction of yield gap in rabi Sorghum 
	Intercept
	Coefficient

	
	X1
	X2
	R2

	488.99
	-4.40
	0.04
	0.15



From the table 2, the analysis of yield gap-III for sorghum shows that the quadratic function fitted for yield gap data had R2 value is positive. This indicates that yield gap for sorghum is showing acceleration and increased. 
Factors contributing in yield
The direct and indirect effects measured both in terms of correlation coefficient and percentage of input use gaps on yield gaps are presented in Table 3.presents the information on yield gap which were the result of gap in the quantity of input used and a composite variable that Included all other factor affecting yield gap not included in the model. These could be differences in the climatic conditions, various cultural and crop management practices between the farmers and demonstration plots. The table presents a breakdown of labor effects (human, bullock, and machine) across different farm sizes (small, medium, large) and an overall category. For human labour, the direct effect shows positive values for small (0.96) and large (1.24) farms, whereas medium farms registered a negative effect (-0.05), resulting in an overall effect of 0.09. Indirect effects vary widely, showing -0.03 for small, 0.62 for medium, and -0.87 for large farms, culminating in an overall positive effect of 0.85. The total effects converge close to unity for all sizes (0.93, 0.57, 0.37) and overall (0.95). For bullock labour, the direct effect varies by farm size, with small farms showing a negative effect (-0.21), medium farms at 0.30, and large farms at 0.57, giving an overall value of 0.03. The indirect effects were positive for small (0.36) and medium (0.12) farms, while large farms showed a negative value (-0.19), resulting in an overall indirect effect of 0.39. The total effect is balanced across sizes, with 0.15 for small, 0.42 for medium, 0.37 for large, and 0.49 overall.
Table 3. Direct and indirect effects of input use on yield gap in   Rabi sorghum                           
	[bookmark: _Hlk183348287]Sr No.
	Particulars
	Small
	Medium
	Large
	Overall

	A
	
	
	
	
	

	1
	Direct effect of human Labour
	0.96
(109.6)
	-0.05
(-9.6)
	1.24
(334.5)
	0.09
(10.4)

	2
	Indirect effect of human Labour
	-0.03
(-3.8)
	0.62
(109.6)
	-0.87
(-234.6
	0.85
(89.6)

	3
	Total effect of human Labour
	0.93
(100)
	0.57
(100)
	0.37
(100)
	0.95
(100)

	B
	
	
	
	
	

	1
	Direct effect of bullock Labour
	-0.21
(-137.3)
	0.30
(76.8)
	0.57
(152.1)
	0.03
(20.0)

	2
	Indirect effect of bullock Labour
	0.36
(237.3)
	0.12
(29)
	-0.19
(-52.1)
	0.39
(80.0)

	3
	Total effect of bullock Labour
	0.15
(100)
	0.42
(100)
	0.37
(100)
	0.49
(100)

	C
	
	
	
	
	

	1
	Direct effect of machine Labour
	0.68
(-102.3)
	0.30
(39.8)
	0.11
(24.2)
	0.04
(4.0)

	2
	Indirect effect of machine labour
	-1.35
(202.3)
	0.11
(0.458)
	0.35
(75.8)
	0.89
(96)

	3
	Total effect of machine Labour
	-0.67
(100)
	0.76
(100)
	0.46
(100)
	0.93
(100)

	D
	
	
	
	
	

	1
	Direct effect of manure
	-1.01
(-175.5)
	-0.04
(-14.5)
	-1.05
(-221.2)
	0.09
(15.8)

	2
	Indirect effect of manure
	1.59
(275.5)
	0.33
(114.5)
	1.53
(1.526)
	0.48
(84.2)

	3
	Total effect of manure
	0.58
(100)
	0.28
(100)
	0.48
(100)
	0.58
(100)

	E
	
	
	
	
	

	1
	Direct effect of fertilizer
	0.88
(297.6)
	-0.50
(-167)
	-2.02
(-612)
	0.05
(5.6)

	2
	Indirect effect of fertilizer

	-0.58
(-197.6)
	0.80
(267)
	2.05
(612)
	0.88
(94.4)

	3
	Total effect of fertilizer
	0.29
(100)
	0.30
(100)
	0.03
(100)
	0.93
(100)

	F
	
	
	
	
	

	1
	Direct effect of plant protection
	0.79
(190.2)
	-0.96
(-3695.1)
	-0.63
(-64.7)
	-0.04
(4.1)

	2
	Indirect effect of plant protection
	-0.38
(90.2)
	0.94
(3795.1)
	1.61
(164.7)
	0.85
(95.9)

	3
	Total effect of plant protection
	0.42
(100)
	-0.03
(100)
	0.98
(100)
	0.89
(100)

	G
	
	
	
	
	

	1
	Direct effect of area
	-1.45
(-129.9)
	0.69
(76.6)
	2.40
(-250.5)
	0.10
(9.8)

	2
	Indirect effect of area

	2.56
(229.9)
	0.21
(23.4)
	-3.36
(350.5)
	0.90
(90.2)

	3
	Total effect of area
	1.11
(100)
	0.90
(100)
	0.96
(100)
	0.99
(100)


The effects of machine labour show a strong positive direct effect on small farms (0.67), medium (0.30) and large (0.11) farms, leading to a very small overall value (0.04). Indirect effects were high, with -1.35 on small farms, 0.11 on medium, and 0.35 on large farms, culminating in a high overall effect (0.89). The total effect converges near unity, ranging from -0.67 (small) to 0.76 (medium) and 0.46 (large), with an overall of 0.93. For manure, direct effects were negative across all farm sizes, with -1.01 for small, -0.04 for medium, and -1.05 for large, leading to an overall of 0.09. The indirect effects, however, were consistently positive and high: 1.59 (small), 0.33 (medium), and 1.53 (large), resulting in an overall of 0.48. The total effect converges at 0.58 overall, with values of 0.58 (small), 0.28 (medium), and 0.48 (large). For fertilizer, the direct effect is positive for small farms (0.88), but negative for medium (-0.50) and large (-2.02) farms, with an overall of 0.05. Indirect effects are strong, with -0.58 for small, 0.80 for medium, and 2.05 for large farms, leading to an overall of 0.88. The total effects converge at lower values: 0.29 (small), 0.30 (medium), and 0.03 (large), with an overall of 0.93. The contribution of plant protection shows strong positive direct effects on small farms (0.79), but negative effects on medium (-0.96) and large (-0.63) farms, giving an overall of 0.04. Indirect effects are again dominant, with -0.38 for small, 0.94 for medium, and 1.61 for large, leading to an overall value of 0.85. The total effects were 0.42 for small, -0.03 for medium, 0.98 for large, and 0.89 overall. For area, direct effects were negative in small (-1.45) but large farms (2.40), and medium farms showed a positive effect (0.69), leading to an overall direct effect of 0.10. Indirect effects, however, were high and positive for small (2.56) and medium (0.21), but negative for large (-3.36), culminating in an overall indirect effect of 0.90. The total effects show strong differences: 1.11 (small), 0.90 (medium), 0.96 (large), and an overall of 0.99.
Constraints Responsible for Yield Gap in Rabi Sorghum Production
	All the selected Sorghum growers were interviewed for the problems they are facing while producing the Sorghum. The information regarding the important problems faced by growers is presented in table.
      The table 4. reveal that, the problems faced by Sorghum growers while production were Lack of technical knowledge, non-availability of labor, Crop damage due to forest animal and birds, Infestation of pest and diseases and Non availability of quality seed. Overall percentage of these were 65.49, 50.26, 49.44, 48.09 and 38.02.
Table 4. Constraints faced by farmers in Sorghum cultivation
	Sr. No.
	Constraints
	Rank

	1.
	Lack of Technical Knowledge
	I

	2.
	Non availability of Labour 
	II

	3.
	Crop damage due to forest animal and birds.
	III

	4.
	Non availability of quality seed
	IV

	5.
	Infestation of pest and diseases
	V



Conclusions.
The yield gap analysis of rabi sorghum in Amravati district revealed a considerable difference between research station, demonstration, and farmers’ field yields. The highest yield gap (Yield Gap-III), representing the difference between potential and actual yields, was 36.56%, followed by Yield Gap-I (potential–demonstration yield) at 32.9%, and Yield Gap-II (demonstration–actual yield) at 5.45%. These results clearly indicate that a significant portion of the productivity potential remains unutilized at the farm level. The magnitude and direction of yield gap analysis showed a positive R² value, signifying that the yield gap has been increasing at an accelerating rate over time. The path analysis of input use revealed that human labour, bullock labour, fertilizer, and plant protection exerted varying direct and indirect effects across different farm sizes, highlighting inefficiencies in input management and adoption of recommended practices. The study further identified several key constraints affecting sorghum productivity. The major constraint was the lack of technical knowledge among farmers (65.49%), followed by non-availability of labour (50.26%), and crop damage due to forest animals and birds (49.44%). Other important problems included the non-availability of quality seed (38.02%) and infestation of pests and diseases (48.09%). Hence, to bridge the yield gap in rabi sorghum, it is essential to strengthen extension services, ensure timely supply of critical inputs, promote on-farm demonstrations, and organize training programmes to enhance farmers’ technical knowledge and efficient input utilization. Addressing these issues will substantially improve productivity and profitability of sorghum cultivation in the Amravati district.
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