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An Economic Analysis of Resource Use Efficiency of Pineapple Production in Karnataka, India
ABSTRACT
The present study was conducted with the primary objective of assessing the efficiency of resource utilization in pineapple cultivation within the selected region. The study relied on primary data, collected through a multi-stage random sampling technique. Uttara Kannada district of Karnataka was purposively chosen based on its prominence in pineapple cultivation. A total of 100 pineapple farmers were selected using probability proportionate random sampling. For the analysis, appropriate analytical tools such as tabular analysis and the Cobb-Douglas production function were employed to evaluate input-output relationships and measure the efficiency of resource use in pineapple farming. Cobb-Douglas production function was used taking Y i.e., price of pineapple as dependent variable and X1, X2, X3, X4, X5 i.e., for planting material (No.), fertilizer (qtls), total human labour (man days), plant protection chemicals (kgs) and growth regulator (ltr) respectively as independent variable. Among the variables analyzed, fertilizers (MVP/MFC = 3.16), plant protection chemicals (0.52), and growth regulators (2.63) showed positive and statistically significant marginal value product to marginal factor cost (MVP/MFC) ratios, indicating their underutilization and potential for improving productivity. Most of the statistically significant inputs were found to be used efficiently. To ensure the sustainable growth of pineapple cultivation in Karnataka, timely policy interventions are necessary. Measures such as promoting contract farming and offering price incentives can enhance profitability for farmers. These steps will not only improve returns for pineapple growers but also contribute to the overall development of agriculture in the state.
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INTRODUCTION
India's economic landscape thrives on diverse agricultural pursuits, including farming, horticulture, forestry and fisheries, which contributed an impressive Rs. 19.48 lakh crore to Gross Value Added (GVA) in financial year 2023. At present agricultural and allied sectors account for 18.60 per cent of India's GVA in fiscal year 2022-23 (Anonymous, 2023a). According to APEDA (2023b), India recorded a production of 112.63 million metric tonnes of fruits and 204.96 million metric tonnes of vegetables, establishing its position as the second-largest producer of fruits and vegetables globally, following China. The area under fruit cultivation was 7.05 million hectares, while vegetables were cultivated on 11.35 million hectares, highlighting the substantial land allocation and importance of these crops within the horticultural sector.

Fruits play a vital role in Indian agriculture and nutritional security due to their short cultivation duration, high productivity, rich nutritional content, and significant economic potential. They also contribute substantially to both on-farm and off-farm employment generation. India’s diverse agro-climatic zones and distinct seasonal variations enable the cultivation of a wide range of fruit crops. As a result, the country stands as the second-largest producer of fruits and vegetables globally. In 2023, the total area under horticultural crops reached 28.63 million hectares, with a production volume of 355.25 million tonnes (Anonymous, 2023a). Notably, fruits and vegetables together account for approximately 92% of the total horticultural production in India.

Pineapple (Ananus comosus) belongs to the family of Bromeliaceae. Pineapple is popularly known as “Queen of fruits” because of its excellent flavour, taste, colour and shape of fruit, it is very delicious tropical fruit crop. It is one of the most significant commercial desert fruit crops in the world, and it is also edible all year round. The pineapple is also known as the "excellent fruit," "heaven fruit," and "friendship fruit." 

Pineapple cultivation is primarily restricted to hilly regions in the north-eastern section of the country and heavy rainfall, humid coastal regions in peninsular India. In the central plains, pineapple may also be cultivated commercially with moderate rainfall and additional protective irrigations. Both as a primary crop and as an intercrop (mixed cropping), pineapple can be grown. It needs a cool temperature. The ideal temperature range for cultivation is between 22°C and 32°C.

The total estimated global production of pineapple was 28.65 million metric tonnes during 2021. Costa Rica stood first in production and area followed by Brazil, Philippines and China (Anonymous, 2022a)
India is the 7th largest producer of Pineapple in the world, India’s export share is less than 6 per cent of it’s total production, In 2022, India was ranked 26th with the share in world exports, Exports from India (2022-23) Quantity – 6961.85 MT, Value - Rs. 35.15 crores Export destinations Nepal United Arab Emirates Maldives (Anonymous, 2022b).
In Karnataka, pineapple is produced throughout the year among fruits and it occupies dominant position in the total fruits production in the state. Pineapple growing an area of 2.96 thousand hectares, production was 169.54 thousand metric tonnes and productivity was 57.34 MT/ha during 2021-22. The major pineapple growing districts in Karnataka are Shivamogga followed by Uttara Kannada, Dakshina Kannada, Udupi, Chikkamagaluru, Hassan, Kodagu, Mysuru, Mandya and Haveri were the most predominant pineapple growing districts. (Anonymous, 2023c).
In Uttara Kannada district, pineapple has been grown on a commercial scale. The production was 10,207.62 MT and area under pineapple in this district was 144.79 hectares during 2021- 22. The important pineapple varieties grown were Kew, Queen, Raja, Kundlur and local (Anonymous, 2023c).

Despite its nutritional and economic significance, there exists a dearth of comprehensive research on the efficiency of pineapple cultivation, particularly at the micro level. Notably, no detailed studies have been undertaken to evaluate resource use efficiency concerning its competing crops in the Malnad region of Karnataka. Therefore, there is a pressing need for a study addressing these gaps. With this in mind, the present study was undertaken to study economic efficiency of pineapple production in Uttara Kannada district of Karnataka.

MATERIALS AND METHODS
The present study aims to evaluate the performance of pineapple cultivation in the Uttara Kannada district of Karnataka by assessing the resource use efficiency of various input variables. Karnataka was purposively selected for the study, being the sixth-largest state in India by area and the eighth-largest by population. A multi-stage purposive sampling technique was employed to identify pineapple farmers. In the first stage, Uttara Kannada district was chosen due to its leading position in terms of area and production of pineapple. In the second stage, two major pineapple-growing taluks Sirsi and Siddapura were selected based on their significant cultivation area.

In third phase five villages were selected from each taluk based on the convenience of researcher.  In fourth phase, ten sample farmers from each village was selected randomly.

The data for the study were collected from the respondents by personal interview method by using pre-tested schedule. Data were based on the entire operations in establishing and maintaining the pineapple plantation and the consequent cost and returns.

Functional Analysis

After conducting a series of tests to determine the most appropriate form of the production function, the Cobb-Douglas production function was selected and employed to assess the resource use efficiency in pineapple cultivation. The Cobb-Douglas functional form of production functions is widely used to represent the relationship of an output to inputs. It was proposed by Knut Wick sell (1851 - 1926), and tested against statistical evidence by Charles Cobb and Paul Douglas in 1928. 

The general type of production function fitted was as follows:

Y = AX1b1 X2b2 X3b3X4b4X5b5 … U

Where,

Y = Production of pineapple (tonnes/ha)

A = Intercept

X1 = Planting material (No.)

X2 = Fertilizer (qtls)

X3 = Human labour (man days)

X4 = Plant protection chemicals (kgs)

X5 = Growth regulator (ltr)

U = Error term

bi = (i = 1 to 5) regression coefficient of factor inputs.

The function was translated into linear form by making logarithmic transformation on all the variables as follows.

Log Y = log A + b1 log X1 + b2 log X2 + b3 log X3 + b4 log X4 + b5 log X5 + log U.


The coefficient of multiple determination was used to test the analytical results, and the appropriate 't' test was performed. 

The regression coefficients (bi) were checked for significance using the 't' test at the specified level of significance.

                                                              bi

                                           t = —————————

                                                    Standard error of bi


Marginal value of product of different factor inputs were worked out by using the following formula.

                                                                          Y

                                                     MVP = bi ——— PY

                                                                          X

Where, 

Y and Xi are the mean values of output and inputs respectively.

PY = Price of output.


The marginal factor cost (MFC) was calculated by considering the unit cost of each input required to produce an additional unit of output. To analyze resource use efficiency, the marginal value product (MVP) of each input was compared with its corresponding factor cost. A ratio of MVP to MFC greater than one indicated that the resource was being used efficiently and offered scope for increased utilization, suggesting potential economic advantage.

RESULTS AND DISCUSSION
RESOURCE USE EFFICIENCY IN PINEAPPLE CULTIVATION
ESTIMATION OF COBB-DOUGLAS PRODUCTION FUNCTION IN PINEAPPLE CULTIVATION
The results of the Cobb-Douglas production function analysis for pineapple cultivation are presented in Table 1. The Cobb-Douglas functional form is particularly suitable for handling multiple input variables while addressing common econometric issues such as autocorrelation, heteroscedasticity, and multicollinearity (Murthy, 2002). Its widespread application in agricultural economics is largely attributed to its computational simplicity, empirical robustness, and flexibility in representing production relationships (Miller, 2008). The functional form used in this study to estimate the production function, analyze returns to scale, and assess resource use efficiency follows the framework outlined by Karthick et al. (2013).

The variable inputs used in pineapple cultivation were catalogued into five main groups namely, planting materials (X1), fertilizers (X2), human labour (X3), plant protection chemicals (PPC) (X4) and growth regulator (X5). The dependent variable was total returns obtained from the sale of pineapple. It is observed from the table that, the regression coefficient of fertilizer (0.42), plant protection chemicals (1.12) and growth regulator (0.34) were positive and significant at one per cent level of probability which implied the increased contribution of these inputs to the gross income. Since the pineapple crop was labour intensive and the operations such as inter cultivation, planting, hand weeding and harvesting require more labour. The results indicated that a 1 percent increase in the use of fertilizers, plant protection chemicals, and growth regulators would lead to an increase in pineapple yield by 0.42 per cent, 1.12 per cent, and 0.34 per cent, respectively. 
The output elasticity of planting materials was found to be negative (-0.47) and statistically non-significant, while that of human labour was negative (-0.23) and statistically significant. This suggests that both inputs had an adverse impact on pineapple yield, specifically, a 1 percent increase in planting materials and human labour led to a 0.47 percent and 0.23 percent decrease in yield, respectively. This negative effect may be attributed to a lack of awareness regarding the optimal use of these inputs, along with the common practice of planting excess suckers, which unnecessarily raises the establishment cost (Chatterjee, 2012).

In contrast, the production elasticity of fertilizer was positive (0.42) and significant at the 1 percent level, indicating that a 1 percent increase in fertilizer use results in a 0.42 percent increase in pineapple production. These findings align with the results reported by Thingbaijam et al. (2015) and Manjunath et al. (2013), who also used the Cobb-Douglas production function to analyze resource use efficiency in pineapple cultivation.

The coefficient of multiple determination (R2) was 0.78, indicating that 78 per cent of the viability in total returns was defined by the explanatory variables used in the model. The error term explained the remaining 22 per cent of the variation, and Increasing returns to scale was observed for pineapple cultivation (bi = 1.18) indicating for each per cent incremental use of all inputs simultaneously farmers would get more than one per cent incremental gross returns. This clearly revealed that by reducing certain inputs to optimum level i.e., expenditure on planting materials and human labour in pineapple production, returns could be optimized. 
Table 1: Estimation of Cobb-Douglas production function in pineapple cultivation
	Sl. No.
	Particulars
	Parameters
	Units
	Coefficients

	1
	Number of observations
	n
	No.
	100

	2
	Intercept
	A
	
	5.68

	3
	Planting material (X1)
	b1
	No.
	-0.47NS

	4
	Fertilizer (X2)
	b2
	Rs.
	0.42***

	5
	Human labour (X3)
	b3
	Rs.
	-023**

	6
	PPC (X4)
	b4
	Rs.
	1.12***

	7
	Growth regulator (X5)
	b5
	Rs.
	0.34***

	8
	Coefficient of multiple determination 
	R2
	
	0.78

	9
	Returns to scale  
	Σbi
	
	1.18


Note: 
*** significant at 1 per cent level of probability,
** significant at 5 per cent level of probability,


NS non-significant

RESOURCE USE EFFICIENCY IN PINEAPPLE CULTIVATION
The estimated Marginal Value Product to Marginal Factor Cost (MVP/MFC) ratios presented in Table 2 reveal important insights into input use efficiency in pineapple cultivation. The ratios for fertilizers (3.16), plant protection chemicals (0.52), and growth regulators (2.63) were positive and greater than zero, indicating that these inputs are underutilized and have potential for increased use to enhance productivity. In contrast, the MVP/MFC ratios for planting materials (-22.35) and human labour (-0.71) were negative, suggesting overutilization of these resources. This inefficiency highlights the need for optimization in the application of planting materials and labour to improve overall production efficiency.

The Cobb-Douglas production function estimates, along with the geometric mean values of inputs and output, were utilized to calculate the ratios of marginal value product (MVP) to marginal factor cost (MFC) for assessing resource use efficiency. The ratio less than one indicated excess use of the particular input. Optimal use of resources occurs when the ratio is unity. The Marginal Value Product to Marginal Factor Cost (Table 2) ratio was positive and greater than unity in the case of fertilizer (3.16) and growth regulator (2.63) revealed that underutilization of these inputs.

The Marginal Value Product to Marginal Factor Cost ratio for planting materials (- 22.35) and human labour (-0.23) were negative. This indicated that each additional rupee spent on planting materials and human labour, would result in reduction in the gross income. In other words, these resources were used excessively by farmers with at intention of increasing yields. The findings are in concurrence with the study by Meena et al. (2022) and Shelke et al. (2016) indicated that using Cobb-Douglas production function. The resources use efficiency aspects of pineapple production were in conformity with the result of the present study.

Table 2: Resource use efficiency in pineapple cultivation                                    (n=100)

	Sl. No.
	Particulars
	Regression coefficients
	MVP
	MFC
	MVP/MFC
	Efficiency

	1
	Planting material
	-0.47
	-86.49
	3.87
	-22.35
	Over utilized

	2
	Fertilizer
	0.42
	63.38
	20.06
	3.16
	Under utilized

	3
	Human labour
	-023
	-284
	400
	-0.71
	Over utilized

	4
	PPC
	1.12
	5094.38
	979.68
	0.52
	Under utilized

	5
	Growth regulator
	0.34
	4086.18
	1553.68
	2.63
	Under utilized


CONCLUSION
The present study, focusing on resource use efficiency in pineapple cultivation in Karnataka—specifically in the Uttara Kannada district provides valuable insights into the optimization of agricultural input use. By employing the Cobb-Douglas production function and conducting a thorough econometric analysis, the study has identified key trends and inefficiencies in the utilization of various inputs in pineapple production. These findings contribute to a better understanding of how input resources can be effectively managed to enhance productivity and profitability in the region. The findings highlight the positive and statistically significant impact of fertilizers, plant protection chemicals, and growth regulators on pineapple production, emphasizing the need for their optimal utilization. However, the study also reveals areas of concern, particularly in the excessive utilization of planting materials and human labor, leading to inefficiencies and reduced gross income. For the sustainable growth of pineapple cultivation, timely and targeted policy interventions are imperative. Strategies such as promoting contract farming, offering price incentives, and facilitating access to quality inputs can significantly improve the profitability and viability of pineapple farming in Karnataka. These measures not only empower farmers but also address existing efficiency gaps in input utilization. By encouraging the adoption of best agricultural practices and ensuring institutional support, the agricultural sector can make a meaningful contribution to regional economic development and food security.
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