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Abstract: This study focuses on the cultivation patterns of four major crops—sugarcane, wheat, paddy, and oilseeds—in
Baghpat District, analyzing both economic and environmental factors. Sugarcane, as the primary crop, is examined alongside
wheat, paddy, and oilseeds to provide a comprehensive view of the agricultural landscape. The study examines fluctuations in
farming areas and production yields of these crops in India, with Uttar Pradesh as a significant contributor. Factors influencing
regional agricultural practices include land tenure, ownership, holding size, and soil type. Baghpat District, part of western Uttar
Pradesh, showcases sugarcane as the dominant crop, particularly in Baraut, Chhaprauli, and Binauli blocks. The research
adopts a descriptive approach, utilizing purposive sampling to select relevant data from these blocks. Data from 120 farmers
across six villages were analyzed, focusing on those dedicating over 80% of their land to sugarcane, while also considering
wheat, paddy, and oilseed cultivation. The study period spans from 2019 to 2022, aiming to capture trends and challenges in the
production of all four crops. The findings emphasize the need for sustainable practices to maintain productivity and address
environmental concerns in the region, while also highlighting the relation between sugarcane cultivation and the production of
wheat, paddy, and oilseeds.
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L. INTRODUCTION

Sugarcane, scientifically known as Saccharum officinarum L., is a plant from the gramineae family that is assumed to have
originated in the tropical regions of South and Southeast Asia. Sugarcane is a renewable and naturally occurring agricultural
resource that produces ethanol, fiber, and fertilizer, among other environmentally beneficial byproducts. Sugarcane juice can be
processed to produce white sugar, brown sugar (Khandhasari), jaggery (Gur), and ethanol. Sugarcane juice contains 111.13
kilocalories (26.56 kilojoules) of energy per serving (28.35 grams), 27.51 grams of carbohydrates, 0.27 grams of protein, 11.23
milligrams of calcium, 0.37 milligrams of iron, 41.96 milligrams of potassium, and 1.01 milligrams of sodium (Nutrient Information
from ESHA Research). According to data on sugarcane farming in India, the highest area was 50.66 lakh hectares in 2014-2015,
while the lowest was 41.7 lakh hectares in 2009-2010. Sugarcane output peaked in 2018-19 at 4003.69 million tonnes, while it fell
to 2923 million tonnes in 2009-10. The highest output was produced in 2018-19, at 75.5 tonnes/ha, while the lowest yield was in
2012-13, at 68.25 tonnes/ha. (Department of Food and Public Distribution (Sugar Production) and Agricultural Statistics (Sugar
Cane Production and Area), 3rd Advance Estimate Agricultural Statistics Division, June 2019). The perception and evaluation of the
environment influences the development of distinct crops in a given region. Cultivation practices vary less in places of the earth
with less physical diversity. Farmers in drought-stricken Rajasthan (India) produce bajra (bulrush millet), while rice is the primary
crop in Assam's Brahmaputra basin. Cotton is grown in the regur (black earth) soil of Maharashtra and Gujarat, whereas wheat, rice,
and sugarcane thrive in the loamy soils of western Uttar Pradesh, Haryana, and Punjab. Land tenancy, land ownership, holding size,
and field size all constrain a region's agricultural practices. According to data on the size, production, and productivity of sugarcane
farming in Uttar Pradesh, the maximum area under sugarcane cultivation in Uttar Pradesh was 21.80 lakh hectares in 2020-21, while
the smallest area was 19.77 lakh hectares in 2009-10. This information was acquired from 2009-2010 until 2020-21. Sugarcane
production hit a record high of 1776.72 million tonnes in 2020-21, compared to a low of 1,111.4 million tonnes in 2009-10. The
lowest yield was achieved in 2010-11 at 56.73 tonnes/ha, while the highest yield was recorded in 2020-21 at 81.50 tonnes/ha.

Uttar Pradesh’'s main sugarcane producing districts include Bareilly, Muzaffarnagar, Bulandshahar, Meerut, Baghpat, and
Saharanpur.
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The western part of Uttar Pradesh has 38 agricultural systems (Agricultural Economics Research Review, 2008), with sugarcane-
livestock-cereals-fodder being the most common. Sugarcane (58%) is the region's primary source of income for cultivators.
Sugarcane growing is prevalent in Baghpat district. According to the district cropping pattern, sugarcane is the predominant crop in
Baghpat. Sugarcane occupied 43.7 percent of the total planted acreage in the Baghpat district in 2018-19, while it accounted for
31.06 percent of the crop area that year. Baghpat's crop pattern reveals that sugarcane acreage has been relatively stable over time.
Despite the fact that they owe sugar mills several crores of rupees and routinely complain about low prices, farmers in the district
like cultivating sugarcane. Sugarcane is a major industry and source of employment for farmers in the study region. The only crop
produced by farmers that provides considerable income and employment to growers.

According to Prasad's (1987) study on the area, output, and productivity of pulses in Bihar from 1960-61 to 1989-90, gram and lentil
production were consistently greater in Zone 11, whereas arhar production was higher in Zone I. Growth rate study revealed that the
compound growth rates of area and pulse production have, for the most part, converged across the state, with the exception of gram
production in Zone VI, arhar production in Zone V, and lentil production in Zone 1. Lentil showed positive area growth only in
Zones Il and IV.

Verburg and Veldkamp, 2001 A single research methodology cannot provide a comprehensive examination of land-use change.
Instead, a series of techniques are required to connect and integrate disciplinary components on a variety of geographical and
temporal levels. This work introduces a modeling methodology for analyzing the spatial and temporal dynamics of land use at the
regional level. The methodology investigates the dynamic functioning of land-use systems, which is critical for closing the gap
between studies that highlight problems related with land-use change and research that try to understand and manipulate land-use
change processes. Larson et al. (2004) investigate the factors that cause volatility in area, yield, and production for main crops in
India from 1950-1951 to 2001-2002. This time is divided into two parts: pre-Green Revolution and post-Green Revolution, with
each evaluated separately as well as together. A similar study is conducted for rice yields in the top five producing states. The data
reveal that crop production growth has been predominantly driven by vyield increases, particularly with the advent of Green
Revolution technologies. According to Sharma (2005), crop diversification toward high-value cash crops such as fruits and off-
season vegetables that are compatible with the region’'s comparative advantage is proposed as a potential approach to stabilize, raise
from income, and increase land productivity. Sugarcane growers have been struggling financially for several years. Joshi et al.
(2006) investigate the drivers of crop income development in Indian agriculture throughout the 1980s and 1990s. Using a method
established by Minot (2003), the research divides crop income growth into four components: yield increases, area expansion, price
increases, and diversification from low-value crops to high-value crops. The findings confirm that, at the national level, technology
(greater yield) was the primary source of crop revenue growth in the 1980s, whereas rising prices and diversification emerged as the
key drivers of agricultural growth in the 1990s. Birthal et al. (2007) discovered that agricultural patterns aligned with simple
comparative advantage-based production decisions. The likelihood of farmers in India participating in fruit and vegetable
agriculture, as well as allocating land to horticulture, decreased with land holding size. A small or medium landowner does not
appear to devote a larger portion of their property to fruits and vegetables. However, the share assigned to vegetables increased
dramatically with family size. Mishra and Shukla (2007) in their paper, —Changes in cropping pattern in Madhya Pradesh, analyzed
the changes in land use and associated cropping pattern during 1956 and 2001. Significant changes in the land use and cropping
pattern has been recorded in Madhya Pradesh. The proportion of barren and uncultivated land has decreased significantly. The
proportion of gross cropped area has changed from food grains to nonfood grains. These changes have prime importance because a
little change in this sector may change the socio- economic scenario in a region.

1. PROBLEM STATEMENT

The problem statement for this study revolves around understanding the factors influencing sugarcane, wheat, paddy and oilseed
cultivation in Baghpat District, Uttar Pradesh. Despite being a major source of income and employment, sugarcane farmers in the
region face numerous challenges, including fluctuating yields, financial instability, and environmental concerns. The district has a
significant area dedicated to sugarcane cultivation, yet the productivity and economic returns for farmers remain inconsistent. Issues
such as land tenancy, ownership, holding size, and soil quality further complicate the agricultural landscape. Additionally, the
financial struggles of farmers, including debts owed to sugar mills and low market prices for sugarcane, exacerbate their difficulties.
This study aims to identify and analyze the economic and environmental factors that impact sugarcane cultivation, with a specific
focus on three blocks—Baraut, Chhaprauli, and Binauli—and six villages within these blocks. By examining the cultivation
practices and productivity levels over the agricultural years 2019-2022, the research seeks to provide insights into improving the
sustainability and profitability of sugarcane farming in Baghpat District.
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1. RESEARCH METHODOLOGY

The study is a descriptive research project focused on understanding the various factors influencing sugarcane cultivation in
Baghpat District. The methodology involves both data collection methods and analytical techniques to achieve this aim. The
sampling design for the study is based on a purposive selection process to ensure the most relevant and representative data. The
research is conducted in Uttar Pradesh, with a specific focus on Baghpat District, selected for its significant sugarcane cultivation
and the availability of necessary resources for the crop. Within Baghpat District, three blocks—Baraut, Chhaprauli, and Binauli—
were chosen randomly from a total of six blocks. The selection was influenced by the number of sugarcane cultivators and the
productivity levels of sugarcane cultivation in these blocks. Further narrowing down the focus, six villages were randomly selected
from the chosen blocks. These villages—Bijrol, Malakpur, Basauli, Ramala, Pusar, and Jiwana—were chosen due to their high
percentage of land dedicated to sugarcane cultivation . Finally, from each village, 20 farmers who dedicate more than 80% of their
land to sugarcane were selected, resulting in a total of 120 respondents for the study. The data was collected for the agricultural
years 2019-2022. The method of inquiry and the specific tools used for data collection are not detailed in the provided text but
would typically include surveys, interviews, and field observations. While the specific analytical techniques are not detailed, such
studies generally use statistical analysis to interpret the data collected, possibly including regression analysis, trend analysis, and
comparative studies between different respondent groups.

V. RESULTS AND DISCUSSION
The size of a holding is thought to be positively correlated with the volume of food grains produced. Farmers with bigger holding
sizes are economically better off, and they can easily adopt improved farming practices. On the other side, farmers with smaller
farm units are encouraged to produce as much as possible in order to sell both ends and better their economic situation, as illustrated
in Table 1. This table shows that the overall average size of farms was 1.26 ha, ranging from 0.55 ha on marginal farms to 0.83 ha
on small farms and 4.27 ha on medium farms, with a net cultivated area of 121.46 ha on sample farms.

Table 1. Average size of holding on different size of sample farms

Size groupof farms Net CultivatedArea Average sizeof
S. No. No. of Farmers (ha.) holding
32.45

1. Marginal 59 (26.71) 0.55

Small 50 41.97 0.83
(36.76)

3. Medium 11 47.04 4.27
(35.49)

Grand Total 120 121.46 1.01
(100.00)

Table 2 shows the distribution of sample population by size of farms. Out of total five villages sample population viz 1544, children
were constituted 28.56 per cent, adult 48.90 per cent and old age 22.54 per cent. It was noticed that major composition of family
member belongs to age group of 15-55 yrs.

Table 2. Age wise family composition of sample farms

S. Farm Family Total Children Adult 15-55 | Old above 55
No. Size Population below 15 years years years

1. Marginal 599 189 294 116
(100.00) (55.75) (46.45) (48.13)

2. Small 514 123 283 108
(100.00) (36.28) (44.71) (44.81)

3. Medium 100 27 56 17

(100.00) (7.96) (8.85) (7.05)

Total 1213 339 633 241

(100.00) (100) (100) (100)
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The total production per hectare is shown for the Marginal, Small, Medium, and Overall categories. Among these groupings, the
Medium group has the highest total production, followed closely by the Small group, with the Marginal group having a somewhat
lower production rate. The aggregate total production falls into the three categories. Sugarcane mills receive the highest share of
overall production among all groups. Sugarcane mills account for a considerable share of total production in the Marginal, Small,
and Medium categories, with 80.43%, 80.77%, and 81.67%, respectively. Similarly, sugarcane mills account for 80.69% of overall
production. The second largest recipient of total production is the sugarcane processing industry and cane crushers. Non-linear
patterns are seen in Baghpat district. Thus, the trend analysis shows that exponential trends exist in sugarcane output, indicating that
in the recent past, most likely series have achieved maximum levels and then either remained steady or fell, which is cause for
concern. Table 3 shows the area (ha) and production (metric tonnes) of sugarcane, wheat, paddy, and oilseeds in the Baghpat district
from 2010-11 to 2020-21. Table 4 shows the Production (in metric tonnes) sugarcane, wheat, paddy, and oilseeds in the Baghpat
district from 2010-11 to 2020-21.

Table 3. Area(in hectare)of major crops in baghpat district

AREA (in hectare)

YEAR SUGARCANE WHEAT PADDY OILSEEDS

2010-11 72472 56109 4960 1489
2011-12 72427 56113 5088 1537
2012-13 72769 55427 4820 1801
2013-14 77554 53668 5168 1986
2014-15 76387 54175 5468 1963
2015-16 76387 54175 5468 1963
2016-17 76387 54175 5468 1963
2017-18 76387 54175 5468 1963
2018-19 76387 54175 5468 1963
2019-20 76387 54175 5468 1963
2020-21 76387 54175 5468 1963

Table 4. Production (in metric tonnes)of major crops in baghpat district
PRODUCTION (in metric tonnes)

YEAR SUGARCANE WHEAT PADDY OILSEEDS

2010-11 4799096 231127, 11971 1777
2011-12 4908432 242779 14325 1835
2012-13 5345902 246354 14466 2301
2013-14 5995234 234288 15563 3118
2014-15 5618722 183800 12577 1932
2015-16 5538678 217747 17470 4350
2016-17 5718875 255083 13927 2956
2017-18 6369741 251309 11770 2351
2018-19 6431027, 250307, 16736 2250
2019-20 6378782 250782 29506 2798
2020-21 6212186 253468 16236 3715

Figure 1 shows that sugarcane production has grown. The influence of area expansion can be seen in the sugarcane production
scenario, which climbed from 4799096 MT in 2010 to 5995234 MT in 2013-14. After 2013-14, the area under sugarcane declined
significantly, resulting in a decrease in production.
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Figure 1. Observed and expected trends of production under sugarcane in Bhaghpat district
A variety of parametric models, including linear, exponential, and logarithmic, are used to determine production trends. The best
model is selected among the competing models based on the highest R* value, model significance, and coefficients. The results of

these exercises are shown in Table 5.

Table 5. Trends in production of sugarcane in Baghpat district

Model Summary and Parameter Estimates
Equation Model summary parameter estimates

R Square Significance constant bl
Linear 0.788 0.00 4825985.436 155012.655
Exponential 0.786 0.00 4855583.329 0.028
Logarithmic 0.786 0.00 2 059E-7 973

Figure 2 depicts the non-linear production trend of wheat in the Baghpat district, with production slightly increasing from 2010-11
to 2012-13, a significant dip from 2012-13 to 2014-15, an increasing trend for the following years, and a constant trend from 2016-
17 to 2020-21. The impact of area on production was also obvious, as decreasing the area under wheat cultivation resulted in a fall
in wheat production from 231127 MT to 183800 MT between 2010-11 and 2014-15.
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Figure 2. Observed and expected trends of production under wheat in Baghpat district

Table 6 shows the non-significant linear, exponential, and logarithmic trends in wheat production in the Baghpat area. Linear
manufacturing showed a high R? of 0.137 and a coefficient bl of 2371.8.

Table 6. Trends in production of Wheat in Baghpat district.

Model Summary and Parameter Estimates
Equation Model summary parameter estimates

R Square Significance constant b,
Linear 0.137 0.263 223682.127 2371.827
Exponential 0.118 0.300 223069.119 0.010
Logarithmic 0.118 0.300 4.483E-6 0.990

The exponential production trend of oilseeds was represented in Figure 3. Oilseed production had a non-linear trend, as it alternately
increased and decreased over the years during the study period in the Baghpat district, which is similar to the overall growth rate of
total oilseed production in India of 4.2 percent (Viswanatha and Immanuelraj, 2017) and 5.47 percent in Uttar Pradesh. The area
under the oilseeds had a significant impact on production, as a modest increase in the area under the oilseeds resulted in a more than
doubling of oil seed production.
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Figure 3. Observed and expected trends of production under the oilseeds in Baghpat district

Table 7 depicts the model summary of oilseeds production trends, which demonstrated that, in addition to the linear trend,
exponential and logarithmic production trends were significant at the 10% level. R? was the highest for both exponential and
logarithmic productions, at 0.287, and the bl coefficient for exponential production was 0.047, indicating that the annual growth
rate of oilseed production in the Baghpat district was approximately 4.7 percent during the study period of 2010-11 to 2020-21.

Table 7. Trends in production of oilseeds in Baghpat district.

Model Summary and Parameter Estimates
Equation Model summary parameter estimates

R Square Significance constant bl
Linear 0.226 0.139 1968.691 117.082
Exponential 0.287 0.089 1936.782 0.047
Logarithmic 0.287 0.089 001954

Table 8 shows the model summary of paddy production trends, which found minor linear, substantial exponential, and logarithmic
trends at 10%. The exponential trend showed a high R? of 0.272 and a b1 coefficient of 0.040, indicating a 4% annual growth of
paddy in the Baghpat district during the research period. Figure 4 depicts the non-linear increasing production of paddy in the
Baghpat district over the research period. The impact of the area was limited because there was no major growth in the area, but
there was a considerable increase in paddy production over the study period, which increased from 11971 MT to 16236 MT between
2010-11 and 2020-21.
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Table 8. Trends in production of paddy in Baghpat district.

Model Summary and Parameter Estimates
Equation Model summary Parameter estimates
R Square Significance constant bl
Linear 0.258 0.111 11361.200 751.118
Exponential 0.272 0.100 12078.327 .040)
Logarithmic 0.272 0.100 8.279E-5 961
paddy
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Figure 4. Observed and expected trends of production under paddy in Baghpat district

The average annual growth rate of paddy output in the Baghpat district was 4% from 2010-11 to 2020-21, which is greater than the
growth rate of paddy in Uttar Pradesh, which was 1.73 percent and 2.22 percent in India.

V. CONCLUSION

The conclusion of this study underscores the complex agricultural landscape of Baghpat District, Uttar Pradesh, with a focus on four
key crops: sugarcane, wheat, paddy, and oilseeds. The analysis reveals that while sugarcane remains the predominant crop and
primary source of income for farmers, the other crops play significant roles in the district's agricultural economy and food security.
Sugarcane cultivation faces significant challenges, including fluctuating yields, financial instability, and environmental impacts.
However, the study also highlights interesting trends in the other crops. Wheat production showed a non-linear trend with slight
increases and decreases over the study period. Oilseed production demonstrated an exponential trend with an annual growth rate of
approximately 4.7 percent. Paddy production also showed a positive trend with an annual growth rate of about 4 percent, outpacing
the growth rates for paddy in Uttar Pradesh and India as a whole. The research emphasizes the importance of adopting sustainable
agricultural practices to ensure long-term productivity and economic viability across all four crops. Factors such as land tenure,
ownership, holding size, and soil quality were found to significantly influence cultivation patterns and productivity levels for all
crops studied. The study also emphasizes the need for policy interventions to support farmers, particularly in terms of providing fair
pricing, reducing debts owed to sugar mills, and promoting a balanced approach to crop diversification. This could involve
strategies to optimize the cultivation of wheat, paddy, and oilseeds alongside sugarcane to mitigate financial risks and ensure food
security.
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The findings suggest that improvements in irrigation, access to modern farming techniques, and financial support can enhance
productivity and sustainability not just in sugarcane farming, but across all four crops studied. This holistic approach to agricultural
development could lead to a more resilient and prosperous farming sector in Baghpat District. Further research is recommended to
explore the interrelationships between these crops in terms of resource allocation, market dynamics, and environmental impact, to
inform more comprehensive agricultural policies for the region.
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