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Aim: The main aim of the study is to analyse the growth in Total Factor Productivity of major cereals and pulses in Maharashtra, with special emphasis on chickpea, and to identify the key technological, infrastructural and institutional factors influencing productivity growth over the period 1991–92 to 2020–21.
 Study Design: 
Place and Duration of Study: The analysis was carried out for Maharashtra, across three sub-periods (Period I (1991-92 to 2000-01), Period II (2001-02 to 2010–11) and Period III (2011-12 to 2020-21) for 30 years. Four major cereals and four major pulses were selected for study.
Methodology: Using farm-level cost of cultivation data, input, output and TFP indices were estimated through the Tornqvist–Theil growth accounting approach and analysed across three sub-periods periods (Period I (1991-92 to 2000-01), Period II (2001-02 to 2010-11) and Period III (2011-12 to 2020-21) and the overall period (1991-92 to 2020-21). Further, a Cobb–Douglas log-linear regression framework was employed to identify the major technological, infrastructural and institutional factors influencing TFP growth. 
Results: The results revealed that chickpea production growth in Maharashtra was predominantly efficiency-driven rather than input-led. Over the overall period, the output index grew at 0.73 per cent per annum, while input growth remained marginal (0.18 per cent), resulting in a positive TFP growth of 0.55 per cent per annum. Period-wise analysis showed positive TFP growth in all sub-periods, with the highest growth during Period III (2011–12 to 2020–21), indicating strong technology-led and efficiency-oriented productivity improvements. On average, TFP accounted for about 24.06 per cent of output growth, highlighting the critical role of non-input factors such as technological progress and improved resource use. Regression results indicated that road length had a significant positive influence on TFP growth, while excessive fertilizer use and higher tractor intensity exerted a negative and significant effect, reflecting inefficiencies in input use. Other factors such as irrigation, rainfall and agricultural credit showed positive but statistically insignificant impacts.
Conclusions: The study concludes that sustained productivity growth in Chick Pea cultivation in Maharashtra has been largely driven by technological innovations, improved management practices, release of drought-tolerant varieties and infrastructural development rather than increased input use. Strengthening rural infrastructure, promoting balanced and sustainable input use and enhancing the dissemination of improved varieties and practices are essential for sustaining long-term TFP growth and ensuring stable chickpea production under rainfed conditions.
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1. INTRODUCTION
Chick Pea (Cicer arietinum), commonly known as gram, is India’s most important pulse crop, contributing nearly half of the country’s total pulse production and playing a significant role in food security and rural livelihoods. In recent years, India has achieved remarkable growth in chickpea production, expanding both area under cultivation and yields through improved varieties, seed technologies, and supportive policy initiatives. During the 2024-25 crop year, Chick Pea production in India was estimated at over 11 million tonnes, accounting for about 45 per cent of the total pulse basket, with productivity rising substantially over the past decade due to technological and institutional interventions. Major producing states include Maharashtra, Madhya Pradesh, Rajasthan, Gujarat, and Uttar Pradesh, together contributing over 95% of national output.( Source: icar-iipr.org.in). Maharashtra stands out as a leading chickpea-producing state, often topping the list with a significant share of national production. The crop is mainly grown under rainfed conditions across regions such as Marathwada, Vidarbha, and Western Maharashtra, with a considerable area dedicated to gram cultivation and moderate yields reflecting agro-climatic and input constraints. Despite challenges such as erratic rainfall and infrastructure gaps, Maharashtra maintains its importance in the pulse sector, contributing substantially to both state and national agricultural output.
A good price in the market and conductive soil moisture in Maharashtra state led to 3.06 MT production from an area of 2.48 Mha with productivity of 1233 kg ha-1 during 2024-25.  Analysing the performance of Chick Pea at state level, in terms of growth will helps us to suggest research strategies for research, policy measures and plans to ensure availability and sustain production. 
		In Maharashtra, Chick Pea is a major pulse crop cultivated primarily in the rabi season, particularly in regions like Marathwada and Vidarbha. The analysis of input, output and total factor productivity (TFP) indices provides a comprehensive understanding of Chick Pea's production efficiency and technological advancement.
2. MATERIALS AND METHODS
Farm-level data on yield, level of input use and their prices for the period 1991-92 to 2020-21 were collected from the “Scheme for the study of cost of cultivation of principal crops” MPKV, Rahuri, Government of Maharashtra, for the Chick Pea crop grown in the state. This data set provided a rich source for measuring and analysing the agricultural productivity. The time series data on proportion of area under major crops in net cultivated area, number of irrigation pump sets, number of tractors, annual rainfall (mm), rainfall (Nov-March (mm), road length (km), fertilizer use (kg/ha) and agricultural credit (₹).  were collected from various publications of government of Maharashtra. Analysis of total factor productivity (TFP): Total Factor Productivity (TFP) sometimes referred as multifactor productivity, is a true measure of economic efficiency. TFP measures the extent of increase in output, which is not accounted by increase in total inputs. There are three main approaches for estimating the TFP, namely the production function approach (PFA), growth accounting approach (GAA) and non-parametric approach. The Production Function Approach (PFA) is associated with various problems like multicollinearity, autocorrelation and degree of freedom, whereas non parametric approach like Data Envelope analysis is very sophisticated and uses linear programming methodology. In Growth Accounting Approach (GAA), TFP is measured as a residual factor, which attributes to that part of growth in the output that is not accounted for by the growth in the basic factor inputs. Amongst three approaches, growth accounting approach is popular mainly because it is easy to implement, requiring no econometric estimation. The use of TFP indices gained prominence. In the present study, Divisia- Tornqvist index has been used for computing the total output, total input and TFP for specified year “t” by for selected crops.
I.  	Total Output Index (TOI) 
 	TOIt/TOIt-1 =j (Q jt / Q jt-1) (Rjt + R jt-1) ½
II. 	Total Input Index (TII) 
 	TIIt/TIIt-1 =j (Xit/Xit-1) (S it + S it-1) ½
Total Factor Productivity Index (TFPI) of tth year is the ratio of TOI to the TII expressed in percentage and is given by, 
III. 	Total Factor Productivity Index (TFPI)
 	TFPIt = (TOIt/TIIt) x 100
 Where, 
	Rit	= Share of jth output in the total revenue 
	Qjt	= Output of the jth commodity
	Sit	= Share of ith input in total input cost and 
	Xit	= Quantity of the ith input 
 		By specifying TOIt-1, TIIt-1 and TFPIt-1 nearer to 100 in the initial year, the above equation provides the total output index, total input index, total factor productivity index and input price indices for the specified period ‘t’.
Growth Rate in TFP 
 		The residual difference between output growth and input growth represents the growth in TFP, i.e., the portion of output growth not directly explained by input usage, reflecting improvements in technology, efficiency or institutional factors.    		
Growth Rate in TFP = Growth Rate of TOI – Growth Rate of TII
TFP Share
 		The TFP share is the residual share after accounting for the contribution of all conventional inputs. It essentially indicates the extent to which output growth is driven by factors beyond input expansion, such as technological progress, innovation, better resource allocation, or improved farm management practices. TFP share in percentage is calculated as. 
TFP share =100-Input share
Input Share
 		The input share refers to the proportion of total output growth that can be attributed to the growth in total inputs used in the production process. It helps to quantify the extent to which agricultural output growth is driven by the accumulation of conventional inputs such as land, labour, capital, fertilizers, irrigation and machinery.
 				Input index
 	Input Share (%) = ---------------------- x 100
 			        Output Index

 		For productivity measure over a long period of time, chaining indices for successive time periods are preferable.  With chain linking, an index is calculated for two successive periods i.e. t and t-1 (sample from time t = 0 and t = T) and the separate indices were then multiplied together.  Chain linking index takes into account the changes in relative values/cost throughout the period of study. 
Sources of Total Factor Productivity 
                        The annual growth rate in total input indices, total output indices and total factor productivity indices of 30 years i.e. (1991-92 to 2020-21) was considered with sub periods, for the present analysis of total factor productivity decomposition, the period after 1991-92 to 2020-21 was considered. It is because the data on total factor productivity indices, all other factors influencing on TFP etc. To identify the contribution of research and extension in TFP, the Cobb-Douglas (CD) type of production function as given below:
Important parameters used in total factor productivity decomposition are given below:
            Y = aX1b1X2b2 X3b3 …………....……Xnbn
 	Log Y = log a + b1 log X1 + b2 log X2 +…………+ bn log Xn
Where, 
	Y      =   Total factor productivity index 
 	a       =   Constant 
  	X1	=	Proportion of area under major crops in net cultivated area (%)
 	X2	=	Number of irrigation pump sets per (Nos.)
 	X3	=	Number of tractors (Nos.)
 	X4	=	Annual rainfall (mm)
 	X5     =    Rainfall (mm) (July-Oct.)
 	X6	=	Road length (km)
 	X7	=	Proportion of forest area to geographical area (%)
 	X8	=	Proportion of net cropped area to GCA (%)
 	X9	=	Fertilizer use (kg/ha)
 	X10	=	Proportion of irrigated area to net cultivated area (%)
 	X11   =   Agricultural Credit (in ₹)  
 			The decomposition of TFP was undertaken to identify the key factors influencing productivity growth across different regions of Maharashtra by using a log-linear regression framework based on pooled time-series cross-sectional data. This analysis included variables such as the number of irrigation pump sets, number of tractors, net cropped area, area under major crops, annual rainfall (mm), seasonal rainfall (mm), net irrigated area, fertilizer use (kg/ha), agricultural credit (in ₹) and road length (km), which collectively represent both natural and institutional factors affecting agricultural efficiency. By regressing the TFP index on these explanatory variables, the study quantified the elasticity of each factor, thereby assessing their relative contribution to TFP growth. This approach highlights the importance of location-specific determinants and provides empirical evidence for designing targeted regional policies to enhance agricultural productivity through technology adoption, infrastructure development and resource optimization.		
 		To address the issue of multicollinearity among explanatory variables, the study employed the step-down log-linear regression method, which is a model refinement technique used to retain only statistically significant and non-redundant regressors. This approach involved systematically removing highly correlated or insignificant variables while retaining those that exhibited strong explanatory power. By applying significance thresholds at the 1 per cent, 5 per cent and 10 per cent level of significance, only the most relevant variables were identified and retained as contributors to total factor productivity (TFP) growth. This ensured the robustness and interpretability of the regression results, allowing for a more precise identification of the key drivers influencing TFP across the agricultural regions of Maharashtra.
3.  RESULTS AND DISCUSSION
3.1 Indices of Input, Output, TFP, Input and TFP Share of Chick Pea  
 		An increase in input use allows agriculture to expand production to a certain extent by moving along the existing production surface. However, a balanced and efficient use of modern inputs can shift the production function upward, especially when technological improvements are built into these inputs. Total factor productivity (TFP) captures the part of output growth that is not explained by the increase in total input use. It reflects how efficiently and effectively inputs are utilized in the production process. In this study, the input, output and TFP index for Chick Pea were calculated for the period 1991-92 to 2020-21 using the Tornqvist-Theil index method. The TFP index was calculated by dividing the output index by the input index. This tells us how much extra production came from better efficiency or technology. The share of input in output was calculated first and then the TFP share was estimated by subtracting the input share from 100. This shows how much of the production growth came from improved productivity rather than just more input use. In Maharashtra, Chick Pea   is a major pulse crop cultivated primarily in the rabi season, particularly in regions like Marathwada and Vidarbha. The analysis of input, output and total factor productivity (TFP) indices provides a comprehensive understanding of Chick Pea's production efficiency and technological advancement.
3.1.1 Input, Output, TFP Index, Input and TFP share of Chick Pea for Period I
 		The input, output, TFP index, input and TFP share of Chick Pea   for Period I are presented in Table 1. 
Table 1. Input, Output, TFP Index, Input and TFP Share of Chick Pea   
                           						(Period I-1991-92 to 2000-01)
	Year
	Input Index
	Output Index
	TFP
	Input Share (%)
	TFP Share (%)

	1991-92
	1.00
	1.00
	1.00
	100.00
	0.00

	1992-93
	0.84
	0.88
	1.04
	96.23
	3.77

	1993-94
	1.23
	1.44
	1.17
	85.31
	14.69

	1994-95
	1.13
	1.49
	1.31
	76.27
	23.73

	1995-96
	0.86
	1.05
	1.22
	82.24
	17.76

	1996-97
	0.87
	1.10
	1.28
	78.03
	21.97

	1997-98
	1.00
	0.98
	0.98
	101.71
	-1.71

	1998-99
	0.90
	1.04
	1.16
	86.19
	13.81

	1999-00
	0.92
	1.23
	1.34
	74.52
	25.48

	2000-01
	0.89
	1.29
	1.44
	69.21
	30.79

	Mean
	0.96
	1.15
	1.19
	84.97
	15.03


		This indicated that the input index consistently stayed below 1 for the majority of years, with an average of 0.96, signifying a decline in input utilization over time. Conversely, the average output index was 1.15, indicating an increase in production efficiency. The mean TFP index was 1.19, denoting that enhancements in productivity were mostly contributed by efficiency growth rather than augmented input utilization. This transition indicates that technology innovations, enhanced agricultural methods, or efficiency enhancements substantially influenced Chick Pea productivity. The largest TFP share, was 30.79 per cent, recorded in 2000-01, denoting Peak in productivity improvements. Nevertheless, sporadic negative total factor productivity growth, shown by the decline in 1997-98, indicates that external influences, such as climatic circumstances or input inefficiencies, may have transiently affected productivity. The data suggests that total factor productivity growth was the principal catalyst for enhancements in Chick Pea production, characterized by less dependence on inputs and strengthened efficiency. To maintain this expansion, persistent focus on technological adoption, effective resource management and advantageous agro- climatic conditions will be essential.

Fig. 1:  Input, Output and TFP Index of Chick Pea (Period I-1991-92 to 2000-01)
3.1.2 Input, Output, TFP Index, Input and TFP Share of Chick Pea   for Period II
 		The input, output, TFP Index, input share and TFP share of Chick Pea   for Period II are presented in Table 2.
Table 2. Input, Output, TFP Index, Input and TFP Share of Chick Pea       
                                                                                                  (Period II – 2001-02 to 2010-11)    
	Year
	Input Index
	Output Index
	TFP
	Input Share (%)
	TFP Share (%)

	2001-02
	1.00
	1.00
	1.00
	100.00
	0.00

	2002-03
	0.83
	1.01
	1.22
	82.23
	17.77

	2003-04
	0.81
	1.04
	1.29
	77.56
	22.44

	2004-05
	1.16
	0.92
	0.79
	126.91
	-26.91

	2005-06
	0.93
	1.29
	1.38
	72.21
	27.79

	2006-07
	0.98
	1.21
	1.23
	81.31
	18.69

	2007-08
	0.88
	1.14
	1.29
	77.47
	22.53

	2008-09
	1.22
	1.51
	1.24
	80.71
	19.29

	2009-10
	0.89
	0.97
	1.09
	91.94
	8.06

	2010-11
	1.09
	1.36
	1.24
	80.49
	19.51

	Mean
	0.98
	1.14
	1.18
	87.08
	12.92


 		It was observed from table that the mean input, output and TFP index were 0.98, 1.14 and 1.18, respectively. Input index reflecting minor decrease in input utilization, whilst the output index showing an enhancement in production. The TFP index showed that productivity growth was mostly accelerated by efficiency improvements rather than increased inputs. The mean input share was notably high at 87.08 per cent, while the mean TFP share accounted for 12.92 per cent of overall productivity enhancements. The apex TFP share was occurred in 2005-06 it was 27.79 per cent, indicating zenith in efficiency improvements, whereas 2004-05 had negative TFP growth, presumably attributed by adverse circumstances or sub-optimal resource utilization. Notwithstanding these differences, the majority of years saw positive total factor productivity growth, signifying those enhancements in agricultural methods, technology implementation, or favourable meteorological circumstances facilitated enhanced output. The data indicates that TFP significantly contributed by the improvement of Chick Pea production, however sporadic inefficiencies impeded development in certain years. Enhancing technology interventions, optimizing resource allocation and refining farm management methods will be crucial for maintaining long-term production improvements.

Fig. 2:  Input, Output and TFP Index of Chick Pea (Period II-2001-02 to 2010-11)         
3.1.3 Input, Output, TFP Index, Input and TFP Share of Chick Pea   for Period III
 		The input, output, TFP index, input and TFP share of Chick Pea   for Period III in are presented Table 3. From table it was observed that the total Factor Productivity (TFP) growth of Chick Pea in Maharashtra from 2011-12 to 2020- 21 showed notable enhancement, with an average TFP index was 1.59. This indicates a significant rise in productivity stimulated by efficiency improvements rather than an increase in inputs. 
Table 3. Input, Output, TFP Index, Input and TFP Share of Chick Pea  
  							          (Period III - 2011-12 to 2020-21)
	Year
	Input Index
	Output Index
	TFP
	Input Share (%)
	TFP Share (%)

	2011-12
	1.00
	1.00
	1.00
	100.00
	0.00

	2012-13
	1.12
	1.41
	1.25
	79.91
	20.09

	2013-14
	1.00
	1.67
	1.67
	59.72
	40.28

	2014-15
	0.65
	1.50
	2.31
	43.27
	56.73

	2015-16
	1.07
	0.93
	0.87
	114.63
	-14.63

	2016-17
	0.96
	1.62
	1.68
	59.52
	40.48

	2017-18
	0.77
	1.50
	1.95
	51.29
	48.71

	2018-19
	0.71
	1.47
	2.07
	48.22
	51.78

	2019-20
	0.97
	1.56
	1.61
	62.13
	37.87

	2020-21
	0.88
	1.31
	1.49
	67.18
	32.82

	Mean
	0.91
	1.40
	1.59
	68.59
	31.41



The average input index was 0.91, denoting reduction in input utilization, but the average output index was 1.40, demonstrating significant production expansion. The average TFP share was 31.41 per cent of overall productivity enhancements, indicating the vital importance of technical progress and improved resource management. The high TFP share (56.73 %) occurred in 2014-15, coinciding with significant reduction in input utilization (0.65), which led to an extraordinary growth in productivity (TFP=2.31). In contrast, the Period of 2015-16 exhibited negative total factor productivity growth of -14.63 per cent, indicating inefficiencies or adverse circumstances. The data indicates that productivity increases were mostly caused by enhancements in efficiency rather than increased input utilization. 

Fig. 3:  Input, Output and TFP Index of Chick Pea (Period III-2011-12 to 2020-21)
3.1.4 Input, Output, TFP Index, Input and TFP Share of Chick Pea for Overall Period 
		Table 4 shows the input, output, TFP index, input and TFP share of Chick Pea for overall Period (1991-92 to 2020-21). It showed the average TFP index was 1.32. The average output index was 1.31 which denotes steady development, whereas the average input index was 0.99 it reflects effective resource use rather than an over reliance on inputs. The average TFP share was 24.06 per cent, indicating that over quarter of productivity growth was contributed by technical advancements and efficiency enhancements rather than an increase in inputs. Significant variations occurred in TFP growth. The highest TFP share occurred in 2014-15, when reduced input utilization (0.74) resulted in notable productivity enhancement (TFP = 1.79). In contrast, negative TFP growth was observed in 1997-98, 2009-10, 2010-11 and 2011-12 presumably attributable to inefficiencies or unfavourable environmental circumstances. Nonetheless, productivity recovered in the following years, with the 2018-19 period exhibiting a TFP share of 37.66 per cent, signifying robust efficiency- driven production growth.
		The data indicates that productivity improvements in Chick Pea agriculture were primarily influenced by technical innovations, enhanced agricultural practices and optimal resource utilization. To maintain and augment productivity, it is essential to concentrate on enhancing input efficiency, using contemporary agricultural methods and securing advantageous governmental assistance for Chick Pea cultivators in Maharashtra. This could be attributed mainly due to the release of Chick Pea varieties by MPKV, Rahuri viz., Vikas, Vijay, Phule G-12, Phule G-5, Vishal, Virat, Digvijay etc. to increase the productivity which are tolerant to drought. The improvement in total factor productivity was due to non-input factors such as rainfall, road length, markets, better management practices, research and development activities. This has largely helped to reduce the cost of production although the input prices increased remarkably during recent years. Other varieties like JAKI-9218, PDKV Kanchan, BDNG-797 also recommend by universality. Recommended package of practices like, use of biofertilizer and seed treatment with bio mix culture, use of BBF technique of sowing, seed treatment with Trichoderma, use of Gram variety with IPM, IDM and INM etc. could be boost the TFP growth in crops.


Table 4. Input, Output, TFP Index, Input and TFP share of Chick Pea  
                                                                                     (Overall Period- 1991-92 to 2020-21)
	Year
	Input Index
	Output Index
	TFP
	Input Share (%)
	TFP Share (%)

	1991-92
	1.00
	1.00
	1.00
	100.00
	0.00

	1992-93
	0.84
	0.88
	1.04
	96.23
	3.77

	1993-94
	1.23
	1.44
	1.17
	85.31
	14.69

	1994-95
	1.13
	1.49
	1.31
	76.27
	23.73

	1995-96
	0.86
	1.05
	1.22
	82.24
	17.76

	1996-97
	0.86
	1.10
	1.28
	78.03
	21.97

	1997-98
	1.00
	0.98
	0.98
	101.71
	-1.71

	1998-99
	0.90
	1.04
	1.16
	86.19
	13.81

	1999-00
	0.92
	1.23
	1.34
	74.52
	25.48

	2000-01
	0.89
	1.29
	1.44
	69.21
	30.79

	2001-02
	0.78
	0.98
	1.25
	79.71
	20.29

	2002-03
	0.85
	0.99
	1.16
	86.00
	14.00

	2003-04
	0.65
	0.89
	1.37
	73.03
	26.97

	2004-05
	1.19
	1.53
	1.29
	77.64
	22.36

	2005-06
	0.95
	1.49
	1.56
	64.19
	35.81

	2006-07
	1.00
	1.18
	1.18
	85.03
	14.97

	2007-08
	0.90
	1.11
	1.23
	81.02
	18.98

	2008-09
	1.33
	1.56
	1.17
	85.32
	14.68

	2009-10
	0.99
	0.95
	0.96
	104.55
	-4.55

	2010-11
	1.12
	1.05
	0.93
	107.05
	-7.05

	2011-12
	0.98
	0.88
	0.91
	110.39
	-10.39

	2012-13
	1.28
	1.57
	1.22
	81.76
	18.24

	2013-14
	1.14
	1.48
	1.30
	77.20
	22.80

	2014-15
	0.74
	1.32
	1.79
	55.93
	44.07

	2015-16
	0.89
	1.05
	1.18
	84.76
	15.24

	2016-17
	1.10
	1.43
	1.30
	76.94
	23.06

	2017-18
	0.88
	1.26
	1.43
	69.74
	30.26

	2018-19
	0.81
	1.29
	1.60
	62.34
	37.66

	2019-20
	1.11
	1.38
	1.25
	80.32
	19.68

	2020-21
	1.01
	1.41
	1.40
	71.51
	28.49

	Mean
	0.99
	1.31
	1.32
	75.94
	24.06



Fig. 4: Input, Output and TFP Index of Chick Pea (Overall Period I-1991-92 to 2020-21) 1-02 to 2010-11)
3.2 Compound Annual Growth Rate of Input, Output and TFP Index of Chick Pea  
 		Table 5. represent the compound annual growth rate of input, output and total factor productivity (TFP) index for Chick Pea in Maharashtra from 1991-92 to 2020-21 indicates substantial fluctuations across several periods.
Table 5. Compound Annual Growth Rate of Input, Output and TFP Index of Chick Pea  
	Particulars
	Input Index
	Output Index
	TFP

	Period I (1991-92 to 2000-01)
	-1.45
	1.11
	2.56*

	Period II (2001-02 to 2010-11)
	1.59
	3.04**
	1.45

	Period III (2011-12 to 2020-21)
	-2.08
	1.89
	3.97

	Overall Period (1991-92 to 2020-21)
	0.18
	0.73**
	0.55


 Note: ***, ** and * indicate significant at 1, 5 and 10 per cent probability levels, respectively. 
 		In order to asses growth performance of TFP of Chick Pea in Maharashtra, the compound growth rate of input, output and TFP indices were estimated for 30 years from 1991-91-2020-21 and for three Period viz., Period I (1991-92 To 2000-01, Period II (2001-02 to 2010-11) and Period III (2011-12 to 2020-21) and overall Period (1991-92 to 2020-21). From table it was showed that in Period I, input utilization decreased by 1.45 per cent per annum, whilst output increased by 1.11 per cent per annum, resulting in a total factor productivity growth of 2.56 per cent per annum, signifying substantial efficiency enhancements and technical advancements. During Period II, growth rate in input and output index was positive which leads TFP growth rate at 1.45 per cent per annum. This indicates that, despite substantial production increases, it was partially fuelled by heightened input utilization rather than just by enhancements in efficiency.  In Period III, input utilization decreased significantly by 2.08 per cent per annum, while output increased by 1.89 per cent per annum, resulting in a remarkable total factor productivity increased by 3.97 per cent per annum. This period underscores robust efficiency-oriented growth, indicating progress in agricultural techniques, enhanced technological integration and superior resource management. Throughout the research period (1991-92 to 2020-21), input index exhibited relative stability with a rise of 0.18 per cent per annum, whilst output index increased by 0.73 per cent per annum, resulting in total factor productivity growth of 0.55 per cent per annum. This suggests that the long-term production rise of Chick Pea was moderate, mostly stimulated by enhancements in efficiency rather than an increase in inputs. Future productivity improvements should concentrate on enduring technology integration, optimal resource use and climate resilience techniques to guarantee ongoing expansion in Chick Pea   production in Maharashtra.
3.3 Factors Influencing Total Factor Productivity Growth of Chick Pea   in Maharashtra
 		The factor influencing total factor productivity growth of Chick Pea in Maharashtra are presented in Table 6. This table explained total factor productivity (TFP) growth of Chick Pea   in Maharashtra reveals various critical drivers with differing levels of relevance.
		 Road length (2.18) exerts positive and substantial influence on TFP growth, indicating that enhanced rural infrastructure improves market access, lowers transportation expenses and promotes the adoption of advanced technology. In contrast, the quantity of tractors (-0.46) has negative and statistically significant influence, suggesting that mechanization alone may not invariably improve production and might indicate inefficient use or misalignment in technology adoption. The use of fertilizer (-0.48) exhibits significant adverse effect on total factor productivity (TFP), suggesting potential problems associated with excessive or unbalanced fertilizer application, soil deterioration, or diminishing input efficiency. Additional factors, including the area under major crops (0.29), the number of irrigation pump sets (0.07) and agricultural credit (0.13), exhibit positive although statistically negligible impacts on TFP growth. Likewise, annual rainfall (-0.18) and November-March rainfall (0.05) do not show significant effects, indicating that alternative meteorological and agronomic factors may be more pivotal in influencing productivity changes. The estimated R2 value was 0.74 indicating that 74 per cent variation in TFP explained by the factors included in the model. The findings underscore that infrastructural development, balanced input use and suitable mechanization measures are crucial for enhancing Chick Pea yield in Maharashtra. Policymakers must prioritize the improvement of rural infrastructure, the promotion of sustainable input management and the facilitation of effective mechanization to attain enduring productivity enhancements.
Table 6. Factors Influencing Total Factor Productivity Growth of Chick Pea in Maharashtra
	Sr. No.
	Variables
	Parameter estimate

	1.
	Intercept (a)
	-6.91
(4.32)

	2.
	Proportion of area under major crops in net cultivated area
	0.29
(0.50)

	3.
	Number of irrigation pump sets
	0.07
(0.13)

	4.
	Number of tractors
	-0.46**
(0.22)

	5.
	Annual rainfall (mm)
	-0.18
(0.81)

	6.
	Rainfall (Nov-March (mm)
	0.05
(0.10)

	7.
	Road length (km)
	2.18**
(0.81)

	8.
	Fertilizer use (kg/ha)
	-0.48***
(0.16)

	9.
	Agricultural credit (₹)
	0.13
(0.11)

	10.
	R2
	0.74


Note: ***, ** and * indicate significant at 1, 5 and 10 per cent probability levels, respectively.  Figures in parentheses are standard error of respective coefficient

4. CONCLUSION
		The TFP growth rate was positive in crop sub-sector of chick pea in Maharashtra State. The positive TFP growth is because of technological and infrastructural breakthrough in chick pea production system. It was also realized that, an appropriate policy environment, infrastructure, institutions and favourable weather conditions were pre conditions for a steady TFP growth in crop sub sector.
POLICY IMPLICATIONS
1. Improve rural road infrastructure in major chickpea-growing regions of Maharashtra to enhance market access and support efficiency-led productivity growth.
2. Promote balanced fertilizer use through soil-test-based recommendations and INM to improve input-use efficiency and sustain TFP growth.
3. Strengthen dissemination of drought-tolerant varieties and improved practices for rainfed chickpea areas to sustain productivity without increasing input use.
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