International Journal of Hortlculture and Food Science 2025; 7(12): 231-234

Internatlonal Journal of HortlcuI{uré and Food Smence ‘

E-ISSN: 2663-1067

P-ISSN: 2663-1075

NAAS Rating (2025): 4.74
www.hortijournal.com
IJHFS 2025; 7(12): 231-234
Received: 02-09-2025
Accepted: 09-10-2025

Sathyanarayana Prabhu
Department of Agricultural
Biotechnology, Nanded College
of Food Technology, Nanded,
Maharashtra, India

Saraswathi Iyer

Department of Agricultural
Biotechnology, Nanded College
of Food Technology, Nanded,
Maharashtra, India

Corresponding Author:
Sathyanarayana Prabhu
Department of Agricultural
Biotechnology, Nanded College
of Food Technology, Nanded,
Maharashtra, India

Profiling economic viability studies of tea in the
Deccan Plateau

Sathyanarayana Prabhu and Saraswathi lyer

DOI: https://www.doi.org/10.33545/26631067.2025.v7.i12d.706

Abstract

In the same way that a single tea bush can yield dramatically different products depending on how it is
managed, a single production region can present vastly different economic profiles depending on which
zone within it you examine. This research profiled the economic viability of tea (Camellia sinensis (L.)
Kuntze) production across three zones of the Deccan Plateau through integrated quality, genetic, and
financial analysis at the Nanded College of Food Technology, Nanded, Maharashtra, India, from
January to November 2023. Six economic indicators (yield, price stability, sweetness index, disease
control costs, genetic diversity, and phosphorus cycling efficiency) were scored across western, central,
and eastern Deccan zones using farm survey data (n = 120 farms), laboratory analysis, and SSR marker
profiling. Functional food attributes (catechin content, L-theanine, total polyphenols) were measured in
made tea from each zone. Sweetness, quantified as the ratio of free amino acids to total polyphenols,
was highest in western zone teas (0.38), correlating with the highest price premiums (18.4% above
regional average). Genetic diversity assessed by 12 SSR markers showed 71.3% polymorphism across
18 cultivars. Phosphorus cycling efficiency, measured as P uptake per unit P applied, was highest in
organic-managed farms (34.2 mg P per g fertiliser P) and lowest in conventional systems (21.8).
Disease control cost averaged 14.7% of total production cost in the western zone versus 23.1% in the
eastern zone. A composite economic viability index ranked the western zone highest (78.4/100),
followed by central (64.1) and eastern (52.7). These results identify zone-specific opportunities and
constraints for improving tea profitability across the Deccan Plateau.

Keywords: Phosphorus cycling, disease control, genetic diversity, functional foods, sweetness index,
tea economics, Deccan Plateau, catechin content, price premium, SSR markers

Introduction

Think of tea economics the way you might think of a three-legged stool: yield, quality
premium, and cost control each form one leg, and if any one is too short the whole enterprise
wobbles. Across the Deccan Plateau, these three legs vary enormously from west to east,
creating a patchwork of profitability that current advisory services struggle to address with
uniform recommendations 2,

Tea is not traditionally associated with the Deccan Plateau, which is better known for cotton
and sorghum, but small-scale tea cultivation has expanded in its western highland pockets
where altitude and rainfall approach levels suitable for Camellia sinensis 1. The economic
viability of this expansion depends on whether the functional food attributes of Deccan-
grown tea, particularly catechin and L-theanine content, can command prices that offset the
higher production costs of a non-traditional tea region 1.

Phosphorus cycling efficiency has emerged as a sustainability metric relevant to tea
profitability because phosphorus fertiliser costs have risen sharply in recent years and
because tea's shallow root system makes it vulnerable to P runoff losses on sloping Deccan
soils ¥, Genetic diversity, assessed by molecular markers, indicates the breadth of the
genetic base available for local breeding and clone selection [,

This research aimed to (a) profile and compare economic viability across three Deccan
Plateau zones, (b) quantify functional food attributes and their relationship to price
premiums, (c) assess genetic diversity by SSR markers, and (d) measure phosphorus cycling
efficiency across management systems.
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Model Description

The economic viability index was constructed as a weighted
composite of six indicators: yield (weight 0.20), price
stability (0.15), sweetness index (0.15), disease control cost
(0.15), genetic diversity (0.15), and phosphorus cycling
efficiency (0.20). Each indicator was normalised to a 0-100
scale based on the observed range across the 120 surveyed
farms. Weights were assigned by an expert panel of five tea
economists and agronomists using pairwise comparison.
The composite index was calculated as the weighted sum of
normalised scores. Sensitivity analysis tested the effect of
altering weights by plus or minus 20% on the final zone
rankings %51,

Sensitivity Analysis

Varying the weight assigned to any single indicator by plus
or minus 20% did not change the overall zone ranking
(western first, central second, eastern third), confirming that
the composite index is robust to moderate shifts in indicator
importance. The ranking was most sensitive to changes in
the yield weight: increasing yield weight from 0.20 to 0.24
widened the gap between western and central zones from
14.3 to 18.7 index points. Price stability weight changes had
the smallest effect on ranking, reflecting relatively similar
stability across zones %2,

Materials and Methods

Materials

Data were collected from 120 tea farms (40 per zone) across
the western, central, and eastern Deccan Plateau through
structured interviews and field sampling between January
and May 2023. Made tea samples (orthodox and CTC) were
collected from each farm at the peak flush (March-April).
Laboratory analyses were conducted at the Nanded College
of Food Technology, Nanded, Maharashtra, India. The full
trial ran from January to November 2023. Institutional
approval was granted (Protocol NCF-2023-006, approved
12 January 2023). Leaf tissue from 18 cultivars grown in the
college's tea nursery was used for SSR profiling %,

Methods
Yield data (kg made tea per hectare) were obtained from
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farm records. Price stability was calculated as the coefficient
of variation of monthly farmgate prices over the preceding
24 months (lower CV = higher stability score). Sweetness
index was computed as the ratio of free amino acids
(ninhydrin method) to total polyphenols (Folin-Ciocalteu).
Catechins (EGCG, ECG, EGC, EC) and L-theanine were
quantified by HPLC-UV using a C18 column . Disease
control costs were extracted from farm expense records.
Phosphorus cycling efficiency was measured as the ratio of
tea shoot P uptake (Kjeldahl digestion followed by
colorimetric determination) to total P fertiliser applied
during the season Pl SSR analysis used 12 primer pairs
developed for Camellia sinensis, amplified by PCR and
scored on 6% polyacrylamide gels. Allele frequency,
polymorphism, and Nei's genetic distance were computed
using GenAlEx version 6.5 €, Data were analysed by
ANOVA and Pearson correlation in R version 4.3.1.

Results

Table 1: Economic viability indicators and functional food
attributes across three Deccan Plateau tea zones

. LSD | CV
Indicator Western| Central | Eastern (0.05) | (%)
Yield (kg/ha) 1,840 | 1,420 980 142 |18.3

Price premium (%) 18.4 11.2 6.8 31 |246

Sweetness index 0.38 0.31 0.24 0.04 | 16.7

Disease cost (%prod.) | 14.7 184 231 28 | 214

EGCG (mg/g) 64.3 51.7 38.4 6.2 |19.8
P cycling eff. (mg/g) | 34.2 27.8 21.8 34 171
Viability index 78.4 64.1 52.7 — | —

The western zone outperformed on nearly all indicators
(Table 1). Its yield was 87.8% higher than the eastern zone,
its sweetness index 58.3% greater, and its EGCG content
67.4% higher. Disease control consumed 23.1% of
production cost in the eastern zone versus 14.7% in the
west. The composite viability index confirmed the western
zone's dominance at 78.4 out of 100.

Radar Chart of Economic Viability Indicators for Tea Production Across Deccan Plateau Zones

Fig 1: Radar chart comparing economic viability indicators for tea production across three Deccan Plateau zones
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The radar chart (Figure 1) shows that the western zone (dark
coral) consistently encloses the largest area, with particular
advantages in yield and P cycling efficiency. The eastern
zone's profile is compressed inward, reflecting its lower
scores on all six axes.

Venn Diagram of Overlapping Functional Food, Economic, and Genetic Attributes in Deccan Tea

Qualty premiym

ideal Cultivar

Breeding taegets Stable performers

Fig 2: Venn diagram illustrating the overlap among functional
food attributes, economic viability, and genetic diversity in Deccan
Plateau tea, with the central intersection representing the ideal
cultivar profile

The Venn diagram (Figure 2) highlights that the ideal
cultivar sits at the intersection of high functional value
(catechins, sweetness), strong economic performance (yield,
price premium), and broad genetic base (SSR diversity).
The positive correlation between polyphenol content and
price premium (r = 0.71) confirms that functional food
quality drives market returns.

Comprehensive Interpretation

The western Deccan zone offers the strongest current
economic case for tea production, driven by higher yields,
better functional food profiles, and lower disease pressure.
The eastern zone's lower performance is not inherent but
reflects weaker infrastructure, fewer improved cultivars, and
higher pest incidence, all of which are addressable through
targeted investment. Genetic diversity is sufficient across all
zones to support local breeding programs, and phosphorus
cycling efficiency gains from organic management could
improve both sustainability and cost-effectiveness.

Discussion

The 18.4% price premium earned by western zone tea is
attributable in large part to its higher sweetness index (0.38),
which reflects elevated free amino acid content relative to
polyphenols . This ratio is a recognised quality predictor
in Japanese and Chinese tea grading systems and appears to
translate directly into higher willingness-to-pay among
Indian specialty tea buyers [ 3. The correlation between
EGCG content and price (r = 0.68) further supports the
functional food value proposition for Deccan Plateau tea 4,

Phosphorus cycling efficiency at 34.2 mg P uptake per gram
P applied in organic systems compares favourably with
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values of 25 to 30 reported for conventional tea systems in
Assam and Sri Lanka PBl. The higher efficiency under
organic management likely reflects improved soil biological
activity, which enhances P mineralisation from organic
sources. Given that P fertiliser costs represent 8 to 12% of
total production expense, improving P efficiency by even a
few points can meaningfully impact profitability [ 5,

SSR diversity at 71.3% polymorphism is moderate and
suggests that the Deccan tea gene pool, while narrower than
that of traditional tea regions like Darjeeling or Assam,
retains enough variation for local clone selection. Three
cultivars in the western zone carried unique alleles not
found elsewhere, warranting conservation and further
evaluation as potential parents in crossing programs [,

Conclusion

This research profiled the economic viability of tea
production across three Deccan Plateau zones and found
that the western zone holds the strongest position, scoring
78.4 out of 100 on a composite index driven by superior
yield, functional food quality, and phosphorus cycling
efficiency. Sweetness index and EGCG content correlated
positively with price premiums, confirming that investment
in quality improvement pays economic returns. The eastern
zone, while currently the weakest performer, has
addressable constraints in disease management and cultivar
improvement that targeted support could resolve. Genetic
diversity assessed by SSR markers is sufficient for local
breeding across all zones. Phosphorus cycling efficiency
was highest under organic management, supporting a shift
toward nutrient-efficient production systems. Policymakers
and industry stakeholders should use these zone-specific
profiles to direct investment where economic and
sustainability returns are greatest.
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