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Abstract: This study investigates the relationship between farm size and efficiency in
protected vegetable cultivation in Gurugram, Haryana, India, comparing a large farm (4000
sqm) and a small farm (2000 sqm) producing tomato, capsicum, and cucumber. Using
hypothetical data on input costs, output yields, and economic returns, the analysis examines
various efficiency metrics, including input utilization, output productivity, and economic
profitability. The findings provide insights into the potential advantages and disadvantages of
different farm sizes under protected cultivation in the local context and offer recommendations
for optimizing resource use and maximizing returns.

Keywords: Farm Size, Efficiency, Protected Cultivation, Greenhouse, Tomato, Capsicum,
Cucumber, Economies of Scale, Input Efficiency, Output Efficiency, Economic Efficiency,
Gurugram and Haryana.

1. Introduction:

Protected cultivation, utilizing structures like greenhouses and polyhouses, is increasingly vital
for vegetable production in regions like Gurugram, Haryana, India. This method offers the
potential for higher yields, improved quality, and extended growing seasons compared to open-
field farming (Singh & Sharma, 2020). Farm size is a fundamental structural characteristic that
can significantly influence the efficiency of agricultural operations. The debate regarding
economies of scale in horticulture, particularly within the controlled environments of protected
cultivation, remains pertinent. This study aims to analyze the relationship between two distinct
farm sizes — 4000 sqm (large) and 2000 sqm (small) — and their respective efficiencies in the
production of key vegetables: tomato, capsicum, and cucumber, within the context of

Gurugram, Haryana. The objectives are to compare input utilization, output productivity, and
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economic efficiency between these farm sizes for each crop, ultimately identifying potential
economies or diseconomies of scale.
2. Literature Review:
The relationship between farm size and efficiency has been extensively studied in agriculture.
Generally, larger farms are often associated with economies of scale in terms of input
procurement, machinery utilization, and labor specialization (Chambers, 1988). However, in
horticulture, particularly under intensive systems like protected cultivation, the optimal farm
size for efficiency can be influenced by factors such as management intensity, technology
adoption, and market access (Hochman et al., 2014). Studies on greenhouse vegetable
production have shown that while larger units can benefit from lower per-unit capital costs,
effective management and precise environmental control become increasingly critical as scale
increases (Van der Velden et al., 2013). In the Indian context, studies have explored the
adoption and profitability of protected cultivation among smallholder farmers (e.g., Kumar &
Singh, 2017), but comparative analyses focusing specifically on the efficiency differences
between defined small and medium-sized protected farms for specific vegetables in regions
like Haryana are less prevalent. This study contributes to filling this gap by providing a focused
comparison within a specific geographical and production context.
3. Methodology:
3.1. Study Area:
This study focuses on the region of Gurugram, Haryana, India. Gurugram experiences a
growing adoption of protected cultivation due to its proximity to urban markets, increasing
demand for high-quality vegetables, and the potential for higher returns compared to traditional
farming (Haryana Department of Agriculture & Farmers Welfare, 2022).
3.2. Farm Selection (Hypothetical):
Two hypothetical farm sizes under protected cultivation are compared:

e Large Farm: 4000 sqm total protected area, managed as a single or interconnected

greenhouse structure with integrated climate control and irrigation systems.
e Small Farm: 2000 sqm total protected area, managed as a smaller, potentially simpler
greenhouse structure with standard irrigation practices.

Both hypothetical farms are assumed to be engaged in monocropping of either tomato,

capsicum, or cucumber during a specific cropping cycle to allow for direct comparison.
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3.3. Data Collection (Hypothetical):
The data presented below is hypothetical but informed by typical input costs, yields, and market
prices observed for protected vegetable cultivation in the region, as well as potential variations
based on farm size and management intensity. All costs are presented in Indian Rupees (INR).
3.4. Efficiency Metrics:
The following efficiency metrics are analyzed:

o Input Efficiency:
Water Use Efficiency (WUE): Kilograms of output per liter of water (kg/L).
Fertilizer Use Efficiency (FUE): Kilograms of output per kilogram of fertilizer (kg/kg).
Labor Productivity: Kilograms of output per labor hour (kg/hour).
Energy Efficiency: Kilograms of output per kilowatt-hour of electricity (kg/kWh) for climate
control.

e Output Efficiency:
Yield per unit area: Kilograms per square meter (kg/sqm).
Marketable Yield Percentage: Percentage of total yield that meets market quality standards
(%).

o Economic Efficiency:
Cost of Production per kg: Total cost incurred per kilogram of marketable output (INR/kg).
Gross Revenue per sqm: Total revenue generated per square meter of protected area
(INR/sqm).
Net Profit per sqm: Gross revenue minus total costs per square meter (INR/sqm).
Benefit-Cost Ratio (BCR): Ratio of total revenue to total costs.
4. Results (Hypothetical Data):
The following tables present the hypothetical data and calculated efficiency metrics for tomato,
capsicum, and cucumber production on the small and large farms.

Table 1: Hypothetical Input Utilization and Output (per cropping cycle)

Parameter Small Farm (2000 sqm)|Large Farm (4000 sqm)
Tomato

Total Water Used (L) 15,000 28,000

Total Fertilizer Used (kg) 300 550
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Total Labor Hours 600 1,100
Total Energy Used (kWh)||1,200 2,300
Total Yield (kg) 12,000 25,000
Marketable Yield (%) 90% 92%
Capsicum
Total Water Used (L) 12,000 23,000
Total Fertilizer Used (kg) ||250 480
Total Labor Hours 700 1,300
Total Energy Used (kWh)|(1,000 1,900
Total Yield (kg) 10,000 20,500
Marketable Yield (%) 85% 88%
Cucumber
Total Water Used (L) 18,000 34,000
Total Fertilizer Used (kg) ||350 650
Total Labor Hours 550 1,000
Total Energy Used (kWh)|900 1,700
Total Yield (kg) 14,000 29,000
Marketable Yield (%) 95% 96%

Export to Sheets

Table 2: Hypothetical Efficiency and Economic Metrics

Metric Small Farm (2000 sqm)||Large Farm (4000 sqm)
Tomato

WUE (kg/L) 0.80 0.89

FUE (kg/kg) 40.00 45.45

Labor Productivity (kg/hour) ([20.00 22.73

Energy Efficiency (kg/kWh) |{/10.00 10.87
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Yield per sqm (kg/sqm) 6.00 6.25
Cost of Prod. per kg (INR) 18.00 16.50
Gross Revenue per sqm (INR)|[108.00 112.50
Net Profit per sqm (INR) 45.00 55.00
Benefit-Cost Ratio 2.50 3.33
Capsicum
WUE (kg/L) 0.83 0.89
FUE (kg/kg) 40.00 42.71
Labor Productivity (kg/hour) |(|14.29 15.77
Energy Efficiency (kg/kWh) (|10.00 10.79
Yield per sqm (kg/sqm) 5.00 5.13
Cost of Prod. per kg (INR)  {[25.00 23.00
Gross Revenue per sqm (INR)|[110.00 112.86
Net Profit per sqm (INR) 35.00 42.86
Benefit-Cost Ratio 1.40 1.56
Cucumber
WUE (kg/L) 0.78 0.85
FUE (kg/kg) 40.00 44.62
Labor Productivity (kg/hour) (25.45 29.00
Energy Efficiency (kg/kWh) |(|15.56 17.06
Yield per sqm (kg/sqm) 7.00 7.25
Cost of Prod. per kg (INR) 15.00 13.80
Gross Revenue per sqm (INR)|[126.00 130.50
Net Profit per sqm (INR) 51.00 58.50
Benefit-Cost Ratio 3.40 4.24

Export to Sheets
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S. Discussion:

The hypothetical data suggests that the larger 4000 sqm farm generally exhibits higher
efficiency across several metrics for all three crops (tomato, capsicum, and cucumber)
compared to the smaller 2000 sqm farm in Gurugram.

o Input Efficiency: Water and fertilizer use efficiency tend to be slightly higher on the
larger farm, potentially due to better-managed irrigation and nutrient delivery systems
that become more economically viable at a larger scale. Labor productivity is also
higher, possibly due to specialization of tasks and the potential for utilizing small-scale
mechanization that is more cost-effective on a larger area. Energy efficiency for climate
control also shows a marginal improvement, which can be attributed to a lower surface
area-to-volume ratio in larger greenhouse structures, leading to less heat loss or gain
per unit area.

e Output Efficiency: Yield per square meter is marginally higher on the larger farm,
which could be due to more precise environmental control and optimized growing
conditions achievable with larger, potentially more sophisticated systems. Marketable
yield percentage also shows a slight increase, indicating better overall quality
management on the larger scale.

o Economic Efficiency: The cost of production per kilogram is consistently lower on the
larger farm, indicating economies of scale in input procurement and potentially lower
overhead costs per unit of output. This translates to higher net profit per square meter
and a more favorable benefit-cost ratio for the 4000 sqm farm across all three
vegetables.

These hypothetical findings align with the general principle of economies of scale in
agricultural production (Chambers, 1988). The larger farm can potentially leverage bulk
purchasing of inputs, optimize labor utilization, and invest in more efficient technologies,
leading to lower per-unit costs and higher returns. However, it's crucial to note that these
benefits are contingent upon effective management and operational efficiency. Poor
management on a larger scale could negate these potential advantages.

The context of Gurugram, with its access to markets and increasing demand for quality

produce, further incentivizes efficient production, and larger farms might be better positioned
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to capitalize on these market opportunities due to their higher volumes and potential for
consistent supply.

6. Conclusion:

Based on the hypothetical data, the larger 4000 sqm farm demonstrates a trend towards higher
efficiency in the protected cultivation of tomato, capsicum, and cucumber in Gurugram,
Haryana, compared to the smaller 2000 sqm farm. This is evident in improved input utilization,
slightly higher output productivity, and significantly better economic performance. The
findings suggest the presence of economies of scale in this context, although effective
management remains a critical determinant of realizing these benefits.

7. Limitations:

This study is based on hypothetical data, which, while informed by general trends and local
context, does not reflect the specific operational realities of individual farms. Further research
using empirical data collected from a sample of protected farms of varying sizes in Gurugram
would provide a more robust and nuanced understanding of the relationship between farm size
and efficiency. Factors such as the specific technology adopted, management expertise, market
access, and crop varieties can also significantly influence efficiency and were not explicitly
detailed in this hypothetical analysis.

8. Recommendations:

For farmers in Gurugram considering protected cultivation, the potential for economies of scale
suggests that larger farm sizes can offer advantages in terms of efficiency and profitability,
provided they are managed effectively. However, smaller farms can still be viable and efficient
with focused management on high-value crops and niche markets. Policymakers should
consider supporting both small and large protected farms through access to technology, training
on efficient management practices, and market linkages to ensure the overall growth and
sustainability of the protected cultivation sector in the region. Future research should focus on
collecting and analyzing real-world data to validate these hypothetical findings and to identify
the optimal farm sizes and management strategies for different protected vegetable production

systems in Haryana.
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