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Abstract

Horticultural production systems are vital for food and nutritional security, yet their intensification has raised concerns
regarding environmental sustainability. This study assessed horticultural production trends and soil health indicators as
proxies for environmental protection and examined their implications for ecological balance in India. A descriptive,
secondary data—based approach was adopted using national and state-level production data from Horticultural Statistics
at a Glance 2023 and soil health information from the Soil Health Card Scheme Nutrient Dashboard. Descriptive analysis
was applied to examine temporal, spatial, and structural patterns. Results indicate a consistent increase in horticultural
production, with fruits and vegetables as dominant contributors and marked regional concentration across major
producing states. Soil health indicators revealed generally stable conditions, including balanced phosphorus and
potassium availability, moderate organic carbon levels, stable soil reaction, and low salinity, alongside persistent nitrogen,
zinc, and boron deficiencies. Overall, the findings suggest that horticultural growth in India has occurred with maintained
soil chemical stability, supporting environmental protection objectives, while highlighting the need for targeted nutrient
management to enhance sustainability outcomes.

Keywords: Sustainable horticulture; Soil health indicators; Environmental protection; Ecological balance;
Horticultural production trends

Aims And Background

Horticultural systems of production play an important role in the global food and nutritional security and the process of
intensification within the last decades has created significant environmental issues. The increased application of inputs,
excessive irrigation, synthetic fertilizers, and chemical pesticide use have enhanced soil degradation in horticultural areas,
water pollution, and biodiversity degradation. Such pressures are becoming more threatening to the stability of ecosystems
and their long-term productivity especially when it comes to climatic variability and scarce resources. This has resulted
in sustainability-based transitions in the field of horticulture attracting robust interest with regard to researchers,
policymakers, and practitioners.! Sustainable horticulture has become one of the important avenues of alleviating
environmental loads in the name of productive efficiency. The use of organic farming methods, precision irrigation,
combined nutrient management and low-input greenhouse systems all show the possibility to minimise soil erosion, soil
nutrient loss and agrochemical pollution.? Technologies of smart irrigation and monitoring also boost the efficiency of
water-use, overcoming one of the most severe limitations of horticultural systems in terms of the resources.? At the same
time, resource efficiency, emission reduction, and environmental protection are gradually being incorporated in the
protections cultivation and greenhouse-based intensification strategies within the framework of controlled production
systems.* Maintaining a balance in the ecological characteristics of agro-ecosystems is a key issue when it comes to
horticultural sustainability. The practice that affects soil microbial activity, nutrient cycling and biodiversity is what
directly determines the ecosystem services such as pollination, pest control as well as carbon sequestration. In recent
environmental studies of soilless and greenhouse systems, there have been opportunities and trade offs expressed in terms
of energy consumption, nutrient cycles and environmental footprints.® Precision agriculture and integrated pest
management methods also help in protecting the ecology since they help reduce reliance on pesticides and keep crops in
good health and yield stably.® The relevance of horticulture to the environment has also been supported by other evidence
in orchard systems where horticultural systems assist in supplementing the service of ecosystems other than production.”
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Although there is an increasing amount of literature, analyses of sustainable horticultural practices have still been
scattered, targeting specific facets of the practice, including water efficiency and nutrient use or pest control. There are
limited integrative measurements that concomitantly relate horticultural management plans with ecological balances
pointers. Such dynamics as the dynamics of nutrients, however, remain complex issues of the environment to be evaluated
at the system level in terms of crops and areas.® Furthermore, although drip irrigation and resource-efficient technologies
prove to be beneficial to the environment, their overall ecological consequences have not been synthesized.® The evidence
on the sustainability practices and their relation to specific results regarding the measurable environmental protection is
also scanty in the region-specific cases, especially in the various horticultural settings.

Systematic evaluation of sustainability-based horticultural practice is still required to generalise the findings in
environmental aspects. Detailed analyses have the potential to enhance the knowledge of the impact of integrated practices
on soil health, water conservation, ecological services and reduction of pollution. These types of evaluations are relevant
in informing the policy frameworks, making decisions at the farm-level, and sustainable development plans.'? The meta-
analytical facts in the comparative study of organic and conventional systems also favour the idea of the necessity of
balanced measures of productivity and environmental results.!! Syntheses based on the life cycle assessment will provide
information about trade-offs and performance on the environment in horticultural systems that are critical to integrative
approaches.'?

RESEARCH OBJECTIVES
1. To assess horticultural production trends and soil health indicators as proxies for environmental protection.
2. To evaluate the implications of these indicators for ecological balance within horticultural systems.

EXPERIMENTAL

STUDY DESIGN

In the current research, the research design used was descriptive and analytical research design, which relied on secondary
data analysis to examine the topic of sustainable horticultural practices in India in terms of environmental protection and
ecological balance. The methodology aimed at combining national-level horticultural production data with soil health
indices to assess a sustainability outcome with the existing horticultural systems.

DATA SOURCES

Two official sources of the Government of India had been used in the study. Horticultural production, crop composition,
and the trends over time were sourced to Horticultural Statistics at a Glance 2023 '3, which is published by the Department
of Agriculture & Farmers Welfare. The soil-related data were taken out of the Soil Health Card Scheme Nutrient
Dashboard'4, which offers summarised information on nutrients in soils, organic carbon, pH, and electrical conductivity.
Both of them are nationally representative and are regularly utilised in agricultural planning and policy analysis.

VARIABLES AND INDICATORS

The horticultural indicators were the total horticultural production, production of fruits and vegetables and the share of
production in state-wise. The indicators of health include macronutrients (N, P, K) and organic carbon in soil, soil reaction
(pH) and electrical conductivity, as well as the main micronutrients (S, Fe, Zn, Cu, B, and Mn). The selection of these
indicators was because they were relevant in measuring soil fertility, environmental protection, and horticultural systems
sustainability.

DATA PROCESSING AND ANALYSIS

The data were in the form of secondary data extracted out of the reports and dashboards and organized, categorized and
summarized in excel. The patterns and structural features in horticultural production and soil health parameters were
identified with the use of percentages distributions, comparisons in time, and shares in states.

Results

TRENDS IN HORTICULTURAL PRODUCTION IN INDIA

The trend in horticultural production in India has steadily been increasing since 2018-19 to 2022-23 with both an increase
in total horticultural production and in fruit and vegetable production (Fig. 1). During the study, vegetables still registered
a higher absolute growth compared to fruits. This continued growth is structural strength gain in the horticulture industry
and implies better production efficiency within the current land-use pattern.

o 400 3111 320.5 334.6 347.2 355.5
L
E 300 183.2 188.3 200.4 | 209.1 | 2125 |
< 200 - ‘ ‘ ‘
5 98 102.1 102.5 107.5 1102
= 100 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
2018-19 2019-20 2020-21 2021-22 2022-23
Years
® Fruits (Million tonnes) ™ Vegetables (Million tonnes) Total Horticulture (Million tonnes)

Fig. 1. Total Horticultural, Fruit, and Vegetable Production in India
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Source: Department of Agriculture & Farmers Welfare. (2023)

REGIONAL DISTRIBUTION OF HORTICULTURAL, FRUIT, AND VEGETABLE PRODUCTION

The analysis of the state-wise shows that there is a significant regional focus in the production of horticultural products
with few states producing a large proportion of the output in the country (Table 1). Fruits and vegetable dominated states
had distinct regional specialization, which implied spatial variation of horticultural systems.

Table 1. State-wise Percentage Share of Major Horticultural, Fruit, and Vegetable Production in India

IState HTotal Horticulture (%) “Fruits (%) ||Vegetables (%) |
|Uttar Pradesh 113 11 16 |
IMadhya Pradesh 10 1B 11 |
[West Bengal [10 14 |14 |
IMaharashtra I |9 “ 12 | |7 |
|Andhra Pradesh 8 16 3 |
|Gujarat | 8 | |
[Bihar 7 s = |
[Tamil Nadu 6 17 |4 |
|Karnataka | |6 “6 | |4 |
[Odisha [£ = 15 |
[Kerala = 3 = |
[Others 120 l20 |20 |

Source: Department of Agriculture & Farmers Welfare. (2023)

SOIL NUTRIENT STATUS UNDER HORTICULTURAL SYSTEMS

According to the data of Soil Health Cards, there is a strong deviation in the availability of macronutrients, and there are
common instances of nitrogen deficiency and relatively even distributions of phosphorus and potassium (Fig. 2). This
nutrient pattern represents the differentiated soil fertility conditions under the horticultural systems and has ramifications
in terms of environmental protection in the form of sustainable nutrient management.
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Fig. 2. Macronutrient Status of Soils
Source: Department of Agriculture & Farmers Welfare. (n.d.)

SOIL ORGANIC CARBON AND SOIL REACTION

Regarding the distribution of soil organic carbon and pH, the levels of soil reaction and moderate levels of organic matter
are predominant in the horticultural soils (Table 2). These features indicate chemically stable soil conditions which are
applicable to sustainable horticultural production.

Table 2. Soil Organic Carbon and pH Status

|Indicat0r ||Dominant Category ||Share (%) |
|Organic Carbon ||Medium ||48 |
|Organic Carbon ||High ||24 |
[Soil pH ||Alkaline 85 |
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|Indicat0r ||Dominant Category ||Share (%) |
[Soil pH |[Neutral 13 |
Source: Department of Agriculture & Farmers Welfare. (n.d.).

SOIL SALINITY AND ELECTRICAL CONDUCTIVITY
Data on electrical conductivity shows that soils are non-saline and only a small percentage of them tend to have salinity
(Fig. 3). This indicates the presence of generally low salinity stress conditions in horticultural soils.
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Fig. 3. Electrical Conductivity Status

MICRONUTRIENT AVAILABILITY IN HORTICULTURAL SOILS
Table 3 demonstrates that the micronutrient status has an average high level of adequacy of most elements, but it is

relatively greater at zinc and boron (Table 3).

Table 3. Micronutrient Sufficiency Status

Micronutrient Sufficient (%) Deficient (%)
Sulphur (S) 76 24

Iron (Fe) 77 23

Zinc (Zn) 65 35

Copper (Cu) 95 5

Boron (B) 56 44
Manganese (Mn) 88 12

Source: Department of Agriculture & Farmers Welfare. (n.d.).

Discussion

The findings of the study demonstrated that there has been a long-term growth in the horticultural production in India and
a fairly constant state of soil health. The positive trend in the production of fruits and vegetables indicates the structural
reinforcement of the horticulture industry, whereas salinity, soil macronutrient, organic carbon and pH, as well as
micronutrient profiles indicate that existing horticultural systems do not affect the basic soil fertility and chemical
stability. Nevertheless, the still existing nitrogen, zinc and boron deficiencies indicate that the nutrient management
requires special attention to be provided in order to provide the long-term productivity and environmental sustainability.
The fact that production has been on an increase with the stable soil conditions is in line with the previous findings that
indicate that horticultural systems can be self-sustaining in terms of yield stability without correspondingly degrading the
environment provided that they are properly managed.'' Balanced conditions in nutrients and salinity are mainly in line
with research that has stressed that horticultural systems today can use resources efficiently and cause less burdens to the
environment through modern techniques such as protected and soilless cultures.!>!> On the same note, the patterns of
varied nutrients noted in this study are in line with other studies that have noted that fertilization strategies have a
significant role on the energy balance and carbon dynamics in horticulture.'® The progression of ecological balance via
soil stability is also a close echo of the agroecological thought that aims to consider soil health to be a primary element
of horticultural sustainability.!” The results highlight the need to implement soil health monitoring in the horticultural
development approaches. The long-term increase in production and the stable state of soil environment indicate that
horticulture is a source of environmentally sustainable agricultural intensification. Balanced fertilization, micronutrient
regulation, and region-specific nutrient policies can also be used as policy intervention options to further improve the
environmental protection outcomes.

The research is based on secondary data only and uses aggregated data, making it impossible to define management
practices in the farm and measure biodiversity indicators directly. As a result, indirectly, soil well-being and production
steadiness are the indicators of ecological balance instead of the direct indicators that are quantified at an ecosystem or
species scale.
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Farm-level surveys, long-term soil monitoring and biodiversity/ecosystem service indicators should be added to the future
research as they will allow the direct evaluation of the ecological balance. A combination of life cycle assessment method
with region-specific agroecological assessments would also enhance the knowledge of sustainability outcomes in
horticultural systems.

Conclusion

The study evaluated sustainable horticultural practices in India by combining national statistics of horticultural production
with soil health indicators. In the results, the trend is to show a steady rise in horticultural production in the period 201 8-
19 to 2022-23 and fruits and vegetables continue to be the leading producers of the total output. Local study indicated
that the spatial distribution of production was concentrated, indicating that the state-specific specialization of production
in horticultural systems. The evaluation of soil health showed generally stable conditions, i.e., balanced phosphorus and
potassium supply, moderate levels of organic carbon, stable soil reaction, and low levels of salinity in most soils.
Nevertheless, there has been a generalized lack of nitrogen and significant deficiencies of zinc and boron which point to
the ongoing problems in managing nutrients. Comprehensively, the results indicate that the cultivation of horticulture has
taken place in India accompanied by the preservation of fundamental soil fertility and chemical stability, which serve the
purpose of protecting the environment. Whereas ecological balance was assumed indirectly, the amalgamation of
production and soil indicators reveals the possibility of horticultural developing the sustainable agricultural path.
Regional-based and targeted nutrient control and interventions are essential in improving the future sustainability
outcomes.
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