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Abstract 
Controlled environmental agriculture has revolutionized commercial floriculture by enabling year-round production 
and superior quality flowers. This study investigates the growth, yield, and economic viability of major commercial 
floriculture crops (rose, gerbera, carnation, and chrysanthemum) cultivated under polyhouse conditions in India. The 
primary objective was to evaluate agronomic performance and conduct comprehensive economic analysis comparing 
controlled environment cultivation with open-field systems. A factorial randomized block design was employed across 
four commercial floriculture farms in Maharashtra during 2023-2025, monitoring growth parameters, yield metrics, 
and input-output economics. Results demonstrated that controlled environmental conditions significantly enhanced 
flower yield (45-68% increase across crops), stem length (40-41% improvement), and vase life (52-53% extension) 
compared to open cultivation. Economic analysis revealed benefit-cost ratios ranging from 2.89 to 3.23 across 
different crops, with gerbera exhibiting maximum profitability. Gerbera cultivation generated highest net returns of 
₹1,023,000 per hectare annually with benefit-cost ratio of 3.23, while rose yielded net returns of ₹847,000 per hectare 
with benefit-cost ratio of 2.89. The study concludes that controlled environmental floriculture presents substantial 
economic opportunities for Indian farmers despite higher initial investment requirements, with gerbera emerging as 
the most economically attractive crop followed by carnation and chrysanthemum. 
 
Keywords: Controlled environment agriculture, floriculture economics, polyhouse cultivation, yield optimization, 
commercial flower production 
 
1. INTRODUCTION 
Commercial floriculture has emerged as one of the 
most lucrative horticultural enterprises in India, 
contributing significantly to agricultural 
diversification and rural income generation (Singh et 
al., 2021). The sector encompasses diverse cultivation 
practices, with controlled environmental agriculture 
representing a revolutionary approach that optimizes 
production parameters while mitigating climatic 
vagaries. According to recent data from the 
Agricultural and Processed Food Products Export 
Development Authority (APEDA, 2025), India's 
floriculture industry currently spans approximately 
285,000 hectares, producing more than 2.2 million 
tonnes of loose flowers and around 950,000 tonnes of 
cut flowers annually. The India exotic flowers market 
was valued at USD 32.17 billion in 2025 and is 
projected to reach USD 160.00 billion by 2035, 
demonstrating remarkable growth potential at a 
compound annual growth rate of 17.40% (Expert 
Market Research, 2025). Despite this impressive scale, 
India utilizes protected cultivation technologies on 
merely 15% of flower-growing areas, presenting 
substantial opportunities for technological 

advancement and productivity enhancement (Singh et 
al., 2025). Maharashtra, Karnataka, and Tamil Nadu 
lead this transformation, with Karnataka alone 
operating over 3,500 hectares under polyhouse 
floriculture systems. Recent market analysis indicates 
that the India greenhouse horticulture market, valued 
at USD 206.36 million in 2024, is expected to reach 
USD 298.58 million by 2033, growing at a CAGR of 
4.19% (Astute Analytica, 2025). Government 
initiatives under the Mission for Integrated 
Development of Horticulture (MIDH) have facilitated 
substantial investment of ₹2,963.91 crores into 
protected cultivation projects, with Maharashtra 
leading subsidy allocation by distributing ₹312 crores 
for new polyhouse projects in 2024 (Astute Analytica, 
2025). 
Controlled environmental conditions fundamentally 
alter crop physiology by regulating temperature, 
humidity, light intensity, and carbon dioxide 
concentrations within optimal ranges (Maitra et al., 
2020a). Recent technological advancements 
demonstrate that greenhouse cultivation can increase 
crop yields by as much as 10 times compared to 
traditional farming methods, with projections for 2025 
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indicating that hydroponic systems can enhance crop 
productivity by 30-50% over conventional soil 
farming (Astute Analytica, 2025). Commercial 
floriculture crops including rose, gerbera, carnation, 
and chrysanthemum have demonstrated exceptional 
adaptability to polyhouse systems. Specifically, a 
1,000 square meter polyhouse dedicated to gerbera 
cultivation can support 6,250 plants, yielding 
approximately 250,000 flowers annually, with average 
market prices of ₹3.50 per flower during 2024 (Astute 
Analytica, 2025). Economic viability remains the 
cornerstone of technology adoption in Indian 
agriculture, particularly among small and marginal 
farmers who constitute 86% of the farming community 
(Raviteja et al., 2025). Recent economic analyses 
reveal that gerbera cultivation in 1,000 square meter 
polyhouse generates annual income of ₹875,000 
against cultivation costs of ₹394,223, yielding benefit-
cost ratios exceeding 2.22, demonstrating attractive 
returns on investment (Astute Analytica, 2025). 
Government interventions provide subsidies up to 
50% on greenhouse and polyhouse construction, with 
the average ticket size for subsidized loans under the 
National Horticulture Mission reaching ₹22.5 lakhs in 
2024 (Expert Market Research India, 2025). The 
overarching government objective aims to establish 
100,000 hectares under protected cultivation by the 
end of 2025, with projections estimating that 18,500 
new farmers will benefit from these schemes (Astute 
Analytica, 2025). 
The integration of advanced cultivation practices, 
precision nutrient management, drip fertigation 
systems, and integrated pest management protocols 
under protected structures has catalyzed a paradigm 
shift in Indian floriculture (Deb et al., 2025). Recent 
breakthroughs include the successful blooming of 
Eustoma in Odisha by the National Botanical Research 
Institute (NBRI) in September 2025, demonstrating 
how polyhouse farming enables exotic varieties to 
thrive in Indian conditions, generating up to ₹2 lakh 
per acre per season (Expert Market Research, 2025). 
Additionally, Mizoram marked a key milestone in 
March 2025 by exporting its first shipment of 
Anthurium flowers to Singapore, highlighting 
expanding export opportunities (Expert Market 
Research, 2025). The present investigation 
systematically evaluates growth parameters, yield 
performance, and comprehensive economic analysis 
of four major commercial floriculture crops cultivated 
under controlled environmental conditions in 
Maharashtra, providing empirical evidence for 
informed decision-making by prospective floriculture 
entrepreneurs and policy planners. 
 

2. Literature Review 
Protected cultivation technologies have witnessed 
exponential global adoption, with the global smart 
greenhouse market estimated at USD 5 billion in 2025, 
providing the technological backdrop for domestic 
trends in India (Astute Analytica, 2025). China's 
protected agriculture network exceeds 2.5 million 
acres, while India's adoption remains comparatively 
modest despite favorable agro-climatic conditions. 
Recent research demonstrates that controlled 
environment agriculture enhances crop yield and 
quality through microclimate modification, enabling 
optimal temperature, ventilation, and carbon dioxide 
enrichment (Maitra et al., 2023). Economic analyses 
across multiple Indian states reveal compelling 
profitability metrics for polyhouse floriculture. 
Comprehensive studies by Deb et al. (2025) analyzing 
floriculture in Northeast India using panel data from 
2011-12 to 2024-25 reveal stark disparities, with 
Assam emerging as the leading state with sustained 
expansion in both cut and loose flowers. The study 
employing Compound Annual Growth Rate (CAGR) 
and Herfindahl-Hirschman Index (HHI) indicators 
highlights growth trends and financial viability of 
major floricultural crops including marigold, rose, 
orchid, anthurium, and gerbera. Recent research by 
Raviteja et al. (2025) emphasizes that gerbera 
cultivation in low-cost bamboo polyhouses in 
northeastern India leads to substantial profits, with 
break-even points achievable within the first year, 
significantly enhancing livelihoods of small and 
marginal farmers in the region. 
Recent investigations document that gerbera 
cultivation economics demonstrate exceptional 
viability, with cultivation in 1,000 square meter 
polyhouses generating annual income of ₹875,000 
against cultivation costs of ₹394,223, resulting in 
benefit-cost ratios exceeding 2.22 (Astute Analytica, 
2025). Market analysis for 2025 indicates that 
greenhouse-grown gerbera flowers command average 
prices of ₹3.50 per stem, demonstrating strong unit 
economics (Astute Analytica, 2025). Similarly, 
comprehensive studies reveal that lilium cultivation 
shows highest gross returns at ₹2,925.63 per square 
meter, yielding greatest net returns at ₹1,778.03 per 
square meter, while carnation demonstrates most 
efficient output-input ratio at 2.63 (Yeptho et al., 
2025). Recent export data from fiscal year 2024 
demonstrates strong international demand, with India 
exporting 19,678 metric tonnes of floriculture 
products earning ₹717.83 crores (USD 86.63 million), 
with key destinations including USA, Netherlands, 
UAE, UK, Canada, and Malaysia (APEDA, 2025). 
The Netherlands, a global hub for flower trade, 
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accounted for 18.2% of India's flower exports (Expert 
Market Research India, 2025). Industry projections 
indicate that online flower retail will account for over 
25% of the urban flower market by 2025, with 
platforms like Ferns N Petals and FlowerAura 
transforming distribution channels (Singh et al., 2025). 
Agronomic performance evaluations consistently 
document controlled environment superiority over 
open-field cultivation. Recent studies evaluating 
gerbera cultivars under naturally ventilated 
polyhouses in 2020-2022 identified significant varietal 
differences in vegetative growth, floral quality, and 
yield parameters (Maitra et al., 2024a). Research 
documented maximum plant heights ranging from 
43.53 to 30.60 centimeters, with superior cultivars 
exhibiting enhanced stalk length (64.7 cm), flower 
diameter (11.8 cm), and vase life (14.2 days) (Maitra 
et al., 2024a). Temperature and humidity regulation 
within polyhouses substantially influences flowering 
phenology, with investigations reporting earlier 
flowering and extended harvest duration under 
controlled conditions compared to open cultivation 
(Raviteja et al., 2025). Technological advancements 
including tissue culture propagation, precision 
fertigation systems, LED supplementation, and 
automated climate control mechanisms have further 
enhanced polyhouse floriculture productivity (Ganesh 
et al., 2024). Integration of Internet of Things sensors 
enables real-time monitoring and automated 
adjustment of environmental parameters, with digital 
advisory platforms for crop management expected to 
reach over 65% of Indian farmers by 2025, signaling a 
fundamental shift towards technology-centric 
agriculture (Astute Analytica, 2025). Recent 
innovations include CSIR-CFTRI's Freshness Keeper 
initiative in June 2023, which extended flower 
freshness and improved cultivation techniques to 
boost profitability (Expert Market Research, 2025). 
Government initiatives providing subsidized 
polyhouse construction, capacity building workshops, 
and floriculture cluster development have accelerated 
technology dissemination across Indian states. Under 
MIDH, the Indian government offers up to 50% 
subsidy on greenhouse and polyhouse construction, 
with training on modern farming techniques provided 
to maximize benefits (Expert Market Research India, 
2025). Maharashtra distributed ₹312 crores for new 
polyhouse projects in 2024, while a special allocation 
of ₹85 crores is designated for 2025 to promote 
greenhouse cultivation in seven water-stressed states 
(Astute Analytica, 2025). Recent developments 
include establishment of Floriculture Farmer Producer 
Organizations (FPOs), with Odisha's first floriculture 
FPO partnering with CSIR-NBRI to introduce 

climate-resilient varieties (Singh et al., 2025). The 
literature collectively establishes that controlled 
environmental floriculture represents a technically 
sound and economically viable agricultural enterprise 
capable of generating substantial returns despite 
higher capital requirements (Deb et al., 2025). Success 
depends on judicious cultivar selection, optimal 
environmental management, integrated nutrient and 
pest management strategies, and efficient post-harvest 
handling protocols. Despite promising growth 
trajectory, the Indian floriculture sector faces 
constraints including post-harvest losses estimated at 
25-30% due to inadequate cold chain facilities, with 
only 15% of cultivation area under protected structures 
(Singh et al., 2025). The technology's potential for 
transforming rural livelihoods through high-value crop 
diversification warrants comprehensive evaluation 
under diverse agro-climatic conditions to generate 
region-specific recommendations for prospective 
floriculture entrepreneurs. 
 
3. Objectives 

1. To evaluate comparative growth 
performance, flower quality parameters, and 
yield potential of commercial floriculture 
crops (rose, gerbera, carnation, and 
chrysanthemum) under controlled 
environmental conditions versus open-field 
cultivation. 

2. To conduct comprehensive economic 
analysis including cost structure, revenue 
generation, benefit-cost ratios, and financial 
feasibility of polyhouse floriculture 
cultivation across selected commercial 
flower species. 
 

4. Methodology 
The present investigation was conducted during 2023-
2025 across four commercial floriculture farms in 
Pune and Satara districts of Maharashtra, India, 
representing the state's principal floriculture 
production zones. The experimental design employed 
factorial randomized block design with three 
replications, comparing four major commercial 
floriculture crops: rose (Rosa hybrida), gerbera 
(Gerbera jamesonii), carnation (Dianthus 
caryophyllus), and chrysanthemum (Dendranthema 
grandiflora) cultivated under controlled environmental 
conditions and open-field systems. Sample selection 
utilized purposive sampling methodology, identifying 
farms with established naturally-ventilated polyhouse 
structures sized 1,000 square meters equipped with 
pad-and-fan cooling systems, shade nets (50% light 
reduction), drip irrigation infrastructure, and climate 
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monitoring equipment. Commercial hybrid cultivars 
representing market preferences were selected 
including 'Red Berlin' for rose, 'Dana Ellen' for 
gerbera, 'Master' for carnation, and 'Ajina Purple' for 
chrysanthemum. Planting density followed 
commercial standards with 64,000 plants per hectare 
for rose, 80,000 for gerbera, 100,000 for carnation, and 
45,000 for chrysanthemum under polyhouse 
conditions. Growing media comprised coco-peat, 
vermicompost, and soil mixture in 2:1:1 ratio for 
raised bed cultivation. Fertigation schedule provided 
NPK through water-soluble fertilizers at 
recommended rates specific to crop requirements, 
supplemented with micronutrients and calcium 
applications biweekly. Integrated pest management 
protocols combined biological control agents, 
pheromone traps, and selective pesticide applications 
maintaining residue levels within permissible limits. 
Growth parameters including plant height, number of 
leaves, stem diameter, and canopy spread were 
recorded at monthly intervals throughout crop cycle. 
Flower quality attributes measured included stem 
length, flower diameter, petal count, bud length, and 
stalk girth. Yield assessment documented total flower 

production per square meter, graded based on stem 
length and flower quality conforming to market 
specifications. Vase life determination employed 
standardized protocols maintaining flowers in distilled 
water at ambient temperature recording days until 50% 
petal wilting. Economic analysis encompassed 
comprehensive cost accounting documenting 
establishment costs including polyhouse structure, 
irrigation systems, growing media, and equipment; 
recurring cultivation expenses covering planting 
material, fertilizers, pesticides, labor, electricity, and 
maintenance; and marketing costs including 
packaging, transportation, and commission charges. 
Revenue computation utilized prevailing wholesale 
market prices across three consecutive years. Financial 
feasibility evaluation employed project appraisal 
techniques calculating net present value, benefit-cost 
ratio, internal rate of return, and payback period at 
12% discount rate. Statistical analysis utilized analysis 
of variance with critical difference values at 5% 
probability level for treatment comparison. Economic 
parameters computed average values across 
replication farms to ensure representative findings 
applicable to commercial scale operations. 

 
5. Results 
Table 1: Comparative Growth Parameters of Floriculture Crops under Polyhouse and Open Field Conditions 

Crop Cultivation 
System 

Plant Height 
(cm) 

Number of Leaves 
per Plant 

Stem Diameter 
(mm) 

Canopy 
Spread (cm) 

Rose Polyhouse 142.5 45.2 8.6 68.4 
Rose Open Field 118.3 32.7 6.8 52.3 
Gerbera Polyhouse 43.8 28.5 7.2 42.6 
Gerbera Open Field 35.2 19.4 5.3 31.8 
Carnation Polyhouse 106.7 164.3 8.4 38.2 
Carnation Open Field 82.4 118.6 6.2 28.7 
Chrysanthemum Polyhouse 128.6 86.4 7.8 56.3 
Chrysanthemum Open Field 94.3 58.2 5.9 41.2 

 
Table 1 demonstrates that controlled environmental 
conditions significantly enhanced vegetative growth 
parameters across all evaluated floriculture crops, 
consistent with findings by Maitra et al. (2024a) and 
recent research by Raviteja et al. (2025). Rose 
cultivation under polyhouse systems exhibited 20.4% 
increase in plant height, 38.2% more leaves per plant, 
and 26.5% greater stem diameter compared to open-
field systems. Similarly, gerbera demonstrated 
remarkable improvements with 24.4% enhanced plant 
height, 46.9% increased leaf production, and 35.8% 

superior stem diameter under protected cultivation, 
corroborating recent studies emphasizing gerbera's 
exceptional responsiveness to controlled 
environments (Astute Analytica, 2025). Carnation and 
chrysanthemum followed analogous patterns, with 
canopy spread measurements indicating 33.1% and 
36.7% improvements respectively under controlled 
environmental conditions, validating 2025 market 
projections indicating 30-50% productivity 
enhancements through protected cultivation (Astute 
Analytica, 2025). 

 
Table 2: Flower Quality Attributes under Different Cultivation Systems 

Crop Cultivation 
System 

Stem 
Length (cm) 

Flower 
Diameter (cm) 

Bud Length 
(cm) 

Stalk 
Girth 
(mm) 

Vase Life 
(days) 
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Rose Polyhouse 82.4 8.6 4.2 8.2 13.8 
Rose Open Field 58.6 6.3 3.1 6.4 9.1 
Gerbera Polyhouse 64.7 11.8 3.9 7.6 14.2 
Gerbera Open Field 45.8 8.2 2.8 5.4 9.3 
Carnation Polyhouse 96.3 7.4 3.8 8.3 13.5 
Carnation Open Field 68.2 5.6 2.9 6.1 8.9 
Chrysanthemum Polyhouse 74.5 9.2 3.5 7.4 12.6 
Chrysanthemum Open Field 52.7 6.8 2.6 5.6 8.3 

 
Table 2 delineates superior flower quality attributes 
achieved through controlled environmental 
cultivation, supporting recent findings documented by 
Raviteja et al. (2025) and Expert Market Research 
(2025). Rose stem length under polyhouse conditions 
exceeded open-field cultivation by 40.6%, with 
corresponding improvements in flower diameter 
(36.5%) and vase life (51.6%). Gerbera exhibited 
exceptional quality enhancements with stem length 
improvements of 41.3%, flower diameter increases of 

43.9%, and vase life extension of 52.7% under 
protected cultivation, aligning with 2025 research 
emphasizing gerbera's potential for income generation 
in Indian conditions (Raviteja et al., 2025). Carnation 
and chrysanthemum demonstrated similar quality 
advantages, validating controlled environment 
agriculture's role in meeting premium market quality 
specifications, with recent innovations like CSIR-
CFTRI's Freshness Keeper further extending post-
harvest longevity (Expert Market Research, 2025). 

 
Table 3: Annual Yield Performance under Polyhouse and Open Field Systems 

Crop Cultivation 
System 

Flowers per 
Plant per Year 

Flowers per 1000 
m² (in thousands) 

Yield Increase over 
Open Field (%) 

Grade A 
Flowers (%) 

Rose Polyhouse 52.4 199.6 68.2 82.4 
Rose Open Field 31.2 118.7 - 58.6 
Gerbera Polyhouse 54.8 222.4 62.8 84.2 
Gerbera Open Field 33.7 136.6 - 61.3 
Carnation Polyhouse 42.6 207.3 56.4 79.8 
Carnation Open Field 27.3 132.5 - 55.7 
Chrysanthemum Polyhouse 38.2 186.4 45.2 76.4 
Chrysanthemum Open Field 26.3 128.4 - 54.2 

 
Table 3 quantifies substantial yield advantages 
conferred by controlled environmental cultivation, 
consistent with 2025 projections indicating 
greenhouse cultivation can increase yields by up to 10 
times (Astute Analytica, 2025). Rose production under 
polyhouse conditions generated 199,600 flowers per 
1,000 square meters annually, representing 68.2% 
yield enhancement over open-field cultivation. 
Gerbera demonstrated maximum yield improvement 
at 62.8%, producing 222,400 flowers per 1,000 square 
meters under protected conditions, closely aligning 

with recent data indicating 250,000 flowers annually 
from optimally managed 1,000 square meter 
polyhouses (Astute Analytica, 2025). Notably, grade 
A flower percentages significantly increased under 
polyhouse systems, ranging from 76.4% to 84.2% 
across evaluated crops compared to 54.2-61.3% under 
open cultivation, directly impacting market value and 
revenue generation potential in context of 2025 export 
markets where quality standards command premium 
pricing (APEDA, 2025). 
 

Table 4: Comprehensive Economic Analysis of Polyhouse Floriculture (Per Hectare Annual Basis) 
Parameter Rose Gerbera Carnation Chrysanthemum 
Establishment Cost (₹ lakhs) 16.15 13.79 12.99 14.32 
Annual Cultivation Cost (₹ lakhs) 4.49 4.59 4.60 4.28 
Gross Revenue (₹ lakhs) 12.98 14.84 13.46 12.74 
Net Returns (₹ lakhs) 8.47 10.23 8.84 8.44 
Benefit-Cost Ratio 2.89 3.23 2.92 2.97 
Payback Period (years) 1.91 1.35 1.47 1.70 
Internal Rate of Return (%) 42.6 56.8 48.3 45.2 
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Table 4 presents comprehensive economic viability 
assessment demonstrating floriculture profitability 
under controlled environmental conditions, supporting 
recent findings by Deb et al. (2025) and market 
analysis by Astute Analytica (2025). Gerbera 
cultivation generated maximum net returns of ₹10.23 
lakhs per hectare annually, with superior benefit-cost 
ratio of 3.23 and shortest payback period of 1.35 years, 
closely aligning with 2025 data indicating ₹8.75 lakhs 
annual income against ₹3.94 lakhs cultivation costs for 
1,000 square meter polyhouses (Astute Analytica, 
2025). Rose cultivation yielded net returns of ₹8.47 

lakhs per hectare with benefit-cost ratio of 2.89, while 
carnation and chrysanthemum generated ₹8.84 and 
₹8.44 lakhs respectively, supporting recent research 
documenting carnation's output-input ratio of 2.63 
(Yeptho et al., 2025). All evaluated crops 
demonstrated internal rates of return exceeding 40%, 
substantially surpassing alternative agricultural 
enterprises and validating polyhouse floriculture's 
economic attractiveness in context of government 
initiatives providing average subsidized loans of ₹22.5 
lakhs in 2024 (Astute Analytica, 2025). 

 
Table 5: Market Price Realization and Revenue Distribution 

Crop Average 
Wholesale Price 
(₹ per stem) 

Annual 
Production per 
Hectare (stems) 

Gross 
Revenue (₹ 
lakhs) 

Marketing Cost 
(% of Gross 
Revenue) 

Net Marketing 
Revenue (₹ 
lakhs) 

Rose 6.50 199,600 12.98 12.4 11.37 
Gerbera 6.67 222,400 14.84 11.8 13.09 
Carnation 6.50 207,300 13.46 13.2 11.69 
Chrysanthemum 6.83 186,400 12.74 12.6 11.13 

 
Table 5 elucidates revenue realization patterns across 
commercial floriculture crops under controlled 
environmental cultivation, aligning with 2025 market 
analysis indicating average gerbera prices of ₹3.50 per 
stem with strong unit economics (Astute Analytica, 
2025). Gerbera commanded highest average 
wholesale price of ₹6.67 per stem combined with 
maximum production volume, generating gross 
revenue of ₹14.84 lakhs per hectare annually. 
Chrysanthemum fetched premium pricing at ₹6.83 per 
stem, though lower production volumes yielded gross 
revenue of ₹12.74 lakhs, consistent with recent export 
data showing floriculture products worth ₹717.83 
crores in fiscal year 2024 (APEDA, 2025). Marketing 
costs ranged from 11.8-13.2% of gross revenue, 
encompassing specialized packaging, cold chain 
transportation, and commission charges, addressing 
recent concerns about 25-30% post-harvest losses due 
to inadequate cold chain facilities (Singh et al., 2025). 
Net marketing revenue remained highest for gerbera at 
₹13.09 lakhs, confirming its position as most 
economically lucrative controlled environment 
floriculture crop in context of 2025 market projections 
(Expert Market Research, 2025). 
 
6. Discussion 
The present investigation conclusively demonstrates 
that controlled environmental cultivation substantially 
enhances both agronomic performance and economic 
viability of commercial floriculture crops compared to 
conventional open-field systems, corroborating 
extensive 2025 research by Deb et al. (2025), Raviteja 

et al. (2025), and market analyses by Astute Analytica 
(2025). Enhanced vegetative growth parameters 
observed across rose, gerbera, carnation, and 
chrysanthemum cultivation under polyhouse 
conditions directly resulted from optimized 
temperature regimes, humidity control, and protection 
from environmental stressors. These findings align 
with recent projections indicating that greenhouse 
cultivation can increase yields by as much as 10 times 
compared to traditional farming methods, with 2025 
data specifically highlighting 30-50% productivity 
enhancements through hydroponic systems (Astute 
Analytica, 2025). The 40-41% improvements in stem 
length and 52-53% extensions in vase life documented 
across all evaluated crops in this study correspond 
with recent innovations emphasizing technology 
integration in floriculture. Recent breakthroughs 
include CSIR-CFTRI's Freshness Keeper initiative 
demonstrating how research meets industry to extend 
flower freshness and improve cultivation techniques 
(Expert Market Research, 2025). Extended vase life 
represents particularly significant commercial 
advantage in context of expanding export markets, 
with India exporting 19,678 metric tonnes of 
floriculture products in fiscal year 2024, with 
Netherlands accounting for 18.2% of exports 
(APEDA, 2025). The consistent 52-53% vase life 
enhancement observed across rose, gerbera, carnation, 
and chrysanthemum under polyhouse cultivation 
substantiates recent findings by Raviteja et al. (2025) 
that controlled environments minimize pre-harvest 
stress and optimize flower development. 
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Yield improvements ranging from 45.2% to 68.2% 
across evaluated crops validate controlled 
environment agriculture's productivity advantages, 
aligning with 2025 market data indicating a 1,000 
square meter polyhouse supporting 6,250 gerbera 
plants yielding approximately 250,000 flowers 
annually (Astute Analytica, 2025). Rose cultivation 
demonstrated highest yield enhancement at 68.2%, 
followed by gerbera at 62.8%, carnation at 56.4%, and 
chrysanthemum at 45.2%, reflecting differential crop 
responsiveness to environmental control. These 
findings are consistent with recent government 
initiatives targeting establishment of 100,000 hectares 
under protected cultivation by end of 2025 (Astute 
Analytica, 2025). Furthermore, substantially increased 
proportions of grade A flowers (76.4-84.2%) under 
polyhouse conditions directly address international 
quality specifications, as 2025 export data shows 
major destinations including USA (23%), Netherlands 
(18%), UK (12%), and UAE (10%) demanding 
premium quality standards (APEDA, 2025). 
Economic analysis reveals compelling profitability 
metrics validating polyhouse floriculture's commercial 
viability in context of recent government support 
mechanisms. Recent data indicates average ticket size 
for subsidized greenhouse loans under National 
Horticulture Mission reached ₹22.5 lakhs in 2024, 
with Maharashtra distributing ₹312 crores for new 
polyhouse projects (Astute Analytica, 2025). Benefit-
cost ratios ranging from 2.89 to 3.23 across evaluated 
crops substantially exceed alternative agricultural 
enterprises, with gerbera demonstrating maximum 
economic returns at benefit-cost ratio of 3.23 and net 
returns of ₹10.23 lakhs per hectare annually, closely 
aligning with 2025 data showing ₹8.75 lakhs annual 
income against ₹3.94 lakhs cultivation costs for 1,000 
square meter polyhouses (Astute Analytica, 2025). 
The 1.35-1.91 year payback periods documented 
across crops represent remarkably rapid capital 
recovery, rendering controlled environment 
floriculture attractive in context of government 
providing up to 50% subsidies on greenhouse 
construction (Expert Market Research India, 2025). 
Rose cultivation's net returns of ₹8.47 lakhs per 
hectare annually with benefit-cost ratio of 2.89 
position it as highly lucrative enterprise, resonating 
with recent export performance showing roses among 
top exported cut flowers with sustained international 
demand (APEDA, 2025). Carnation generated net 
returns of ₹8.84 lakhs with benefit-cost ratio of 2.92, 
while chrysanthemum yielded ₹8.44 lakhs with 
benefit-cost ratio of 2.97, supporting recent research 
emphasizing diversification opportunities (Raviteja et 
al., 2025). Gerbera's superior economic performance, 

evidenced by highest benefit-cost ratio of 3.23 and 
maximum net returns of ₹10.23 lakhs per hectare, 
combined with shortest payback period of 1.35 years, 
establishes it as the most economically attractive 
floriculture crop under controlled environmental 
conditions. Recent success stories include NBRI's 
breakthrough in September 2025 successfully 
blooming Eustoma in Odisha, demonstrating 
polyhouse farming's potential to enable exotic 
varieties generating up to ₹2 lakh per acre per season 
(Expert Market Research, 2025). The substantially 
higher annual cultivation costs (₹4.28-4.60 lakhs per 
hectare) under polyhouse systems compared to open-
field cultivation primarily reflect increased inputs, 
though recent market analysis indicates average 
greenhouse-grown gerbera prices of ₹3.50 per stem 
demonstrating strong unit economics offsetting higher 
costs (Astute Analytica, 2025). Marketing costs 
constituting 11.8-13.2% of gross revenue encompass 
specialized packaging and cold chain transportation, 
addressing persistent challenges of 25-30% post-
harvest losses due to inadequate facilities (Singh et al., 
2025). Recent innovations include expansion of online 
flower retail platforms expected to account for over 
25% of urban flower market by 2025, transforming 
distribution channels (Expert Market Research India, 
2025). 
Regional variations in controlled environment 
floriculture economics benefit from recent 
infrastructure developments. Mizoram marked 
milestone in March 2025 exporting first Anthurium 
shipment to Singapore, highlighting expanding 
opportunities (Expert Market Research, 2025). Recent 
government allocation of ₹85 crores designated for 
2025 promoting greenhouse cultivation in seven 
water-stressed states demonstrates targeted regional 
development (Astute Analytica, 2025). Digital 
transformation advances with advisory platforms for 
crop management expected to reach over 65% of 
Indian farmers by 2025, signaling fundamental shift 
towards technology-centric agriculture (Astute 
Analytica, 2025). Government intervention through 
MIDH facilitating ₹2,963.91 crores investment into 
protected cultivation projects critically enables 
adoption among small and marginal farmers, with 
projections estimating 18,500 new farmers benefiting 
from schemes in 2025 (Astute Analytica, 2025). 
Recent developments include establishment of 
Floriculture Farmer Producer Organizations (FPOs), 
with Odisha's first floriculture FPO partnering with 
CSIR-NBRI to introduce climate-resilient varieties 
(Singh et al., 2025). However, subsidy dependency 
raises sustainability concerns, necessitating parallel 
emphasis on capacity building and technology 
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refinement, as highlighted by increasing involvement 
of 620 FPO applications in 2024 pointing towards 
collectivization trends (Astute Analytica, 2025). 
The study's findings validate controlled environmental 
floriculture as transformative agricultural enterprise in 
context of India exotic flowers market valued at USD 
32.17 billion in 2025, projected to reach USD 160.00 
billion by 2035 at CAGR of 17.40% (Expert Market 
Research, 2025). Success requires judicious crop 
selection, technical training, and efficient marketing 
channels, as demonstrated by recent September 2025 
launch of OyeGifts' Diwali Special Express Gift 
Hampers with fresh flowers propelling online gifting 
category (Expert Market Research, 2025). The 
technology's potential for rural employment 
generation, women's empowerment via floriculture 
micro-enterprises, and environmental sustainability 
through efficient resource utilization merits 
comprehensive policy support accelerating adoption 
towards government's objective of 100,000 hectares 
under protected cultivation by 2025 (Astute Analytica, 
2025). 
 
7. Conclusion 
This comprehensive investigation establishes that 
commercial floriculture cultivation under controlled 
environmental conditions represents economically 
viable and technically superior agricultural enterprise 
compared to conventional open-field systems. Rose, 
gerbera, carnation, and chrysanthemum cultivation 
under naturally-ventilated polyhouses demonstrated 
substantial enhancements across growth parameters, 
flower quality attributes, and yield performance, 
translating to compelling economic returns despite 
higher capital requirements. Gerbera emerged as the 
most profitable crop with highest benefit-cost ratio of 
3.23 and maximum annual net returns of ₹10.23 lakhs 
per hectare, followed by carnation (BCR 2.92, net 
returns ₹8.84 lakhs), chrysanthemum (BCR 2.97, net 
returns ₹8.44 lakhs), and rose (BCR 2.89, net returns 
₹8.47 lakhs). All evaluated crops demonstrated 
internal rates of return exceeding 40%, with gerbera 
showing exceptional 56.8% IRR and shortest payback 
period of 1.35 years, validating their financial 
attractiveness for floriculture entrepreneurs. Yield 
improvements ranged from 45.2% to 68.2% across 
crops, with stem length enhancements of 40-41% and 
vase life extensions of 52-53% under controlled 
environmental conditions. The technology's capacity 
to generate premium quality flowers meeting market 
specifications, extend production seasons, and 
substantially increase farmer incomes positions 
controlled environment floriculture as strategic 
intervention for agricultural diversification and rural 

development. Successful adoption necessitates 
continued government subsidy support, technical 
capacity building, improved market infrastructure, and 
research innovations optimizing production systems 
for diverse agro-climatic conditions. 
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