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ABSTRACT 

Strawberry (Fragaria × ananassa) is one of the most economically significant soft fruit crops 

globally, valued for its rich nutritional profile and high market demand. Global production 

surpassed 9.7 million metric tonnes in 2023, with China, the United States, and Turkey being the 

leading producers. Despite remarkable advancements in breeding, cultivation technologies, and 

post-harvest management, strawberry farming continues to face formidable challenges, including 

fungal diseases such as Botrytis cinerea and Colletotrichum acutatum, pest infestations, climate 

change-induced thermal stress, soil degradation, and post-harvest losses. This review 

comprehensively examines the current state of strawberry farming worldwide, highlighting 

recent technological advancements including precision agriculture, hydroponics, vertical 

farming, and molecular breeding. It further evaluates sustainable pathways such as integrated 

pest management, biological control, nanotechnology applications, and climate-smart cultivation 

strategies. The synthesis of current literature aims to provide researchers, growers, and 

policymakers with an evidence-based framework for advancing resilient and sustainable 

strawberry production systems. 
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INTRODUCTION 

he cultivated strawberry (Fragaria × ananassa 

Duch.) is a widely cultivated perennial fruit 

crop belonging to the family Rosaceae, 

recognized for its distinctive flavour, vibrant 

colour, and exceptional nutritional value 

(Giampieri et al., 2012). Strawberries are rich 

sources of vitamin C, folate, manganese, 

dietary fibre, and an array of bioactive 

phytochemicals including anthocyanins, 

ellagic acid, and quercetin, which confer 

significant antioxidant and anti-inflammatory 

health benefits (Afrin et al., 2016). The 

modern cultivated strawberry is an octoploid 

hybrid (2n = 8x = 56) that originated in the 

18th century from the accidental hybridization 

of Fragaria virginiana and Fragaria 

chiloensis in European botanical gardens 

(Darrow, 1966). 

 Globally, strawberry production has 

witnessed a remarkable upward trajectory over 

the past two decades. According to FAOSTAT 

(2024) data, worldwide production reached 

approximately 9.7 million metric tonnes in 

2023, with China dominating at over 4.2 

million tonnes, followed by the United States 

(1.25 million tonnes), Egypt (731,000 tonnes), 

Turkey (677,000 tonnes), and Mexico 

(642,000 tonnes). This growth has been driven 

by consumer demand, breeding innovations, 

expanded cultivation into subtropical and 

tropical regions, and the adoption of advanced 

agricultural technologies (Samtani et al., 

2019). Initially limited to temperate climates, 

strawberry cultivation has expanded 

significantly due to the development of day-

neutral cultivars that rely solely on 

temperature cues rather than photoperiod, 

enabling production across a broader 

geographic range at temperatures between 4–

29°C (Hernández-Martínez et al., 2023). 

 Despite these advancements, 

strawberry farming faces multifaceted 

challenges. The crop is highly susceptible to 

soil-borne pathogens, foliar diseases, and 

arthropod pests, necessitating intensive 

chemical inputs that raise environmental and 

food safety concerns (Koike & Bolda, 2016). 

Climate change further compounds these 

issues through increased frequency of thermal 

extremes, altered precipitation patterns, and 

shifting pest dynamics (Dara, 2019). Soil 

degradation resulting from the phase-out of 

methyl bromide fumigation, water scarcity, 

and the highly perishable nature of the fruit 

add additional layers of complexity to 

sustainable production (Fennimore & 

Goodhue, 2016). 

 This review aims to provide a 

comprehensive synthesis of the current state of 

strawberry farming, examining recent 

advancements in cultivation technologies, 

persistent challenges, and emerging 

sustainable pathways. By integrating findings 

from diverse disciplines including agronomy, 

plant pathology, genetics, and environmental 

science, this paper seeks to offer an evidence-

based framework for guiding future research 

and practice toward resilient strawberry 

production systems. 

 

 
Figure1. Open-field strawberry cultivation with raised beds, plastic mulch, and drip irrigation system 
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2. Global Production and Economic 

Significance 

The global strawberry industry represents a 

multi-billion dollar sector with production 

concentrated in a few key countries. China has 

maintained its position as the world’s leading 

producer since 1994, with three provinces—

Hebei, Shandong, and Liaoning—accounting 

for over 60% of national production 

(FAOSTAT, 2024). In the United States, 

California is responsible for approximately 

90% of the national crop, with Florida, 

Oregon, North Carolina, and Michigan 

contributing the remainder (USDA, 2023). The 

European Union, led by Spain, Poland, and 

Germany, represents another significant 

production bloc, while Turkey and Egypt have 

emerged as major producers in the 

Mediterranean region (Eurostat, 2023). 

 

 
Figure2. Top 10 global strawberry-producing countries by production volume (2023). Data source: 

FAOSTAT (2024) 

 

The economic value of strawberry cultivation 

extends beyond fresh market sales to 

encompass processed products including 

frozen berries, jams, juices, and flavouring 

extracts. The crop provides substantial 

employment opportunities, particularly during 

the labour-intensive harvesting season, and 

plays a vital role in rural livelihoods in many 

developing countries. In subtropical nations 

such as Bangladesh, India, and several African 

countries, strawberry cultivation is emerging 

as a profitable horticultural enterprise, offering 

faster returns on investment compared to many 

perennial fruit crops (Hossain et al., 2021). 

3. Advancements in Cultivation 

Technologies 

3.1 Precision Agriculture and Smart 

Farming 

Precision agriculture has revolutionized 

strawberry production through the integration 

of Internet of Things (IoT) sensors, unmanned 

aerial vehicles (UAVs), and artificial 

intelligence-based decision support systems. 

Modern strawberry farms employ sensor 

networks for real-time monitoring of soil 

moisture, temperature, humidity, and nutrient 

levels, enabling data-driven irrigation and 

fertilization decisions that optimize resource 

use and reduce waste (Shamshiri et al., 2018). 

Weather-based advisory systems, such as the 

Strawberry Advisory System (SAS) developed 

in Florida, utilize temperature and leaf wetness 

duration models to predict disease 

development and recommend precisely timed 

fungicide applications, significantly reducing 

unnecessary chemical inputs while 

maintaining effective disease control (Pavan et 

al., 2011). 

 Robotic harvesting systems represent 

another frontier in strawberry technology. 
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Companies like Oishii have pioneered indoor 

vertical strawberry farms equipped with state-

of-the-art robotics, multi-million-dollar water 

purification systems, and custom sensor packs 

that control humidity, temperature, and CO₂ 

levels with unprecedented precision (Koga, 

2024). These systems can supplement specific 

light wavelengths using LED lighting to 

optimize fruit quality and sweetness. 

3.2 Soilless Cultivation and Hydroponics 

Soilless cultivation systems have gained 

considerable traction in strawberry production, 

offering solutions to soil-borne disease 

problems and enabling precise control over the 

root zone environment. The primary 

hydroponic systems employed include 

Nutrient Film Technique (NFT), Deep Water 

Culture (DWC), and substrate-based drip 

irrigation systems using media such as coconut 

coir, perlite, and rockwool (Sharma et al., 

2021). Research comparing these systems has 

demonstrated that coir-based substrate culture 

generally outperforms water-culture systems 

for total marketable yield and resource-use 

efficiency, making it the safer choice for 

commercial producers prioritizing productivity 

(Whitaker et al., 2025). 

 

 
Figure3. Comparative overview of strawberry cultivation systems: open-field, protected tunnels, 

hydroponics, and vertical farming 

 

Stage-specific nutrient management has 

emerged as a critical factor in soilless 

strawberry production. Research indicates that 

implementing a two-phase potassium-to-

nitrogen (K:N) balance strategy—higher K:N 

ratios during vegetative growth followed by 

lower ratios during fruit production—can 

increase yields by up to 30% while 

simultaneously improving fruit firmness and 

shelf life (Hernandez-Apaolaza, 2024). 

Vertical farming systems, exemplified by 

Oishii’s Amatelas Farm spanning over 

237,500 square feet, demonstrate the potential 

for year-round production with up to 90% less 

water consumption compared to conventional 

open-field systems (Koga, 2024). 

3.3 Breeding and Genetic Improvement 

Strawberry breeding has entered a 

transformative era with the integration of 

molecular tools and genomic approaches. The 

octoploid nature (2n = 8x = 56) of cultivated 

strawberry presents unique challenges for 

genetic analysis, but recent advances in 

quantitative trait locus (QTL) mapping and 

genome-wide association studies (GWAS) 

have facilitated the identification of markers 

linked to important traits including fruit 

quality, disease resistance, and abiotic stress 

tolerance (Edger et al., 2019). Marker-assisted 

selection (MAS) enables breeders to 

efficiently introgress desirable genes from 

wild relatives into elite cultivars, accelerating 
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the development of improved varieties (Pott et 

al., 2023). 

 Genomic prediction models and 

CRISPR/Cas9 genome editing technologies 

offer promising avenues for accelerating 

breeding cycles and precisely modifying traits 

related to flavour, disease resistance, and shelf 

life. Breeding programmes worldwide are 

increasingly focusing on developing cultivars 

with enhanced resistance to grey mould 

(Botrytis cinerea), anthracnose 

(Colletotrichum spp.), and improved tolerance 

to heat and drought stress (Porter et al., 2023). 

Day-neutral cultivars that produce fruit 

throughout the growing season, independent of 

photoperiod, have expanded cultivation into 

non-traditional subtropical and tropical regions 

(Hernández-Martínez et al., 2023). 

4. Challenges in Strawberry Farming 

4.1 Diseases and Pest Management 

Strawberry crops are highly vulnerable to a 

complex of fungal, bacterial, and viral diseases 

that can cause devastating yield losses. Grey 

mould caused by Botrytis cinerea is the most 

economically important post-harvest disease, 

capable of causing losses exceeding 50% 

under favourable conditions of high humidity 

and moderate temperatures (Petrasch et al., 

2019). Anthracnose fruit rot caused by 

Colletotrichum acutatum is particularly 

destructive in warm, humid climates, while 

soil-borne pathogens including Phytophthora 

spp., Verticillium dahliae, and Fusarium 

oxysporum cause crown rot, wilt, and root 

diseases (Koike & Bolda, 2016). Major 

arthropod pests include two-spotted spider 

mites (Tetranychus urticae), aphids, thrips, 

and spotted wing drosophila (Drosophila 

suzukii), which directly damage fruit and can 

serve as vectors for viral pathogens (Dara, 

2019). 

 

 
Figure4. Distribution of major challenges affecting strawberry cultivation globally 

 

4.2 Climate Change Impacts 

Climate change poses an escalating threat to 

strawberry production through multiple 

mechanisms. Rising temperatures disrupt 

vernalization requirements, alter flowering 

patterns, and reduce fruit set and quality 

(Heide et al., 2013). Research on thermal 

vulnerability of strawberry cultivars has 

revealed that flowers exhibit significantly 

lower freezing tolerance than leaves, 

suggesting that freeze-induced damage during 

spring frosts may increasingly constrain 

production in traditional growing regions 

(González-Villagra et al., 2025). Niche 

modelling under warming scenarios projects a 

poleward shift in suitable cultivation areas, 
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with decreased suitability in subtropical 

regions of North America, Europe, eastern 

Asia, and southeastern Australia (González-

Villagra et al., 2025). Increased climate 

variability, including irregular rainfall patterns 

and more frequent extreme weather events, 

further complicates production planning and 

pest management strategies (USDA, 2016). 

4.3 Soil Health and Chemical Dependency 

The phase-out of methyl bromide as a soil 

fumigant under the Montreal Protocol has 

created significant challenges for strawberry 

growers who relied heavily on this broad-

spectrum biocide for controlling soil-borne 

pathogens, nematodes, and weeds (Fennimore 

& Goodhue, 2016). Alternative chemical 

fumigants and non-chemical approaches, 

including anaerobic soil disinfestation, 

biofumigation with brassica cover crops, and 

soil solarization, have been developed but 

often provide inconsistent or inferior control 

compared to methyl bromide (Samtani et al., 

2019). The excessive reliance on chemical 

fertilizers, which account for approximately 

one-third of strawberry cultivation costs, 

further degrades soil health by disrupting 

microbial communities and reducing organic 

matter content (Rahman et al., 2025). 

4.4 Post-Harvest Losses and Perishability 

Strawberries are among the most perishable of 

commercially important fruits, with a typical 

shelf life of only 5–7 days under optimal 

refrigeration at 0–1°C and 90–95% relative 

humidity. Rapid pre-cooling through forced-

air systems is essential, as it can remove field 

heat within approximately 90 minutes 

compared to 9 hours for conventional 

refrigeration (Cornell University, 2020). Post-

harvest losses can be substantial, particularly 

in developing countries where cold chain 

infrastructure is inadequate, resulting in 

significant economic losses and food waste 

throughout the supply chain. 

5. Sustainable Pathways for Strawberry 

Production 

5.1 Integrated Pest Management 

Integrated Pest Management (IPM) represents 

a cornerstone of sustainable strawberry 

production, combining cultural, biological, and 

chemical strategies to maintain pest 

populations below economically damaging 

thresholds while minimizing environmental 

impact (Dara, 2019). Cultural practices 

including crop rotation, use of resistant 

cultivars, optimization of planting dates, and 

sanitation measures form the foundation of 

IPM programmes. Biological control agents, 

particularly predatory mites (Phytoseiulus 

persimilis and Neoseiulus californicus) for 

spider mite control, and bumblebees for 

pollination enhancement, have become 

essential components of commercial 

strawberry production (Biobest, 2023). 

Innovative Breeding for Integrated Pest 

Management (B-IPM) approaches are being 

developed that combine cultivar resistance 

with enhanced facilitation of biological control 

agents (Menz et al., 2025). 

5.2 Organic and Integrated Nutrient 

Management 

The combined application of organic and 

inorganic fertilizers offers a sustainable 

approach to maintaining soil health while 

optimizing strawberry productivity. Research 

conducted in Bangladesh demonstrated that 

applying 3 tonnes per hectare of poultry 

manure combined with 125% of the 

recommended inorganic NPKSZnB fertilizer 

dose produced the highest yield (10.9 t/ha), 

improved fruit quality attributes including 

vitamin C content and total soluble solids, and 

enhanced soil health indicators (Rahman et al., 

2025). Organic amendments including 

vermicompost, cattle manure, and poultry 

manure gradually release nutrients, promote 

beneficial soil microbial activity, improve soil 

structure and water retention, and enhance 

disease suppression capacity (Singh et al., 

2020). 

5.3 Nanotechnology Applications 

Nanotechnology is emerging as a promising 

frontier for enhancing strawberry production 

sustainability. Nano-formulated fertilizers 

improve nutrient uptake efficiency by 

providing controlled-release nutrient delivery 

directly to plant roots and foliage, reducing 

overall fertilizer requirements and 

environmental contamination (Kumar et al., 
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2025). Nano-biopesticides based on materials 

such as chitosan nanoparticles offer targeted 

pest and disease control with reduced 

environmental persistence compared to 

conventional pesticides. Post-harvest 

applications of chitosan and glycine betaine 

nanoparticle coatings have demonstrated 

significant effectiveness in reducing fruit 

decay, minimizing weight loss, and preserving 

firmness and biochemical quality, extending 

shelf life considerably (Abdelrahman et al., 

2024). 

5.4 Climate-Smart Strategies 

Adapting strawberry production to climate 

change requires a multi-pronged approach 

encompassing varietal development, 

cultivation system modification, and 

management practice optimization. Breeding 

programmes are targeting enhanced heat and 

drought tolerance, with a focus on developing 

cultivars with broader thermal tolerance 

breadth (González-Villagra et al., 2025). 

Protected cultivation systems, including high 

tunnels and controlled environment 

agriculture, buffer crops against climate 

extremes while enabling season extension and 

improved water use efficiency (Salamone et 

al., 2021). The integration of arbuscular 

mycorrhizal fungi, plant growth-promoting 

rhizobacteria, and other beneficial 

microorganisms enhances plant resilience to 

both abiotic and biotic stresses, offering 

biological solutions to climate adaptation 

(Singh et al., 2019). Decision support tools 

such as the CROPGRO-Strawberry model 

within DSSAT facilitate simulation of growth 

and yield under variable environmental 

conditions, enabling growers to optimize 

planting schedules and management strategies 

for changing climatic conditions (González-

Villagra et al., 2025). 

 

 
Figure5. Conceptual framework of sustainable pathways for modern strawberry farming systems 

 

CONCLUSION 

Strawberry farming stands at a critical juncture 

where the intersection of technological 

innovation and environmental stewardship will 

determine the future trajectory of this globally 

important horticultural industry. This review 

has highlighted the remarkable advancements 

achieved in precision agriculture, soilless 

cultivation systems, molecular breeding, and 

post-harvest technologies that have expanded 

production capabilities and improved fruit 

quality and consistency. Simultaneously, the 

persistent challenges of disease pressure, 

climate variability, soil degradation, and post-

harvest losses demand continued attention and 

innovative solutions. 
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The sustainable pathways identified in this 

review—including integrated pest 

management, organic-inorganic nutrient 

integration, nanotechnology applications, and 

climate-smart strategies—offer viable 

frameworks for transitioning toward more 

resilient and environmentally responsible 

production systems. The convergence of 

genomic tools, artificial intelligence, and 

controlled environment agriculture holds 

particular promise for developing next-

generation strawberry cultivars and production 

platforms that can meet growing consumer 

demand while minimizing ecological 

footprints. 

 Future research priorities should focus 

on developing climate-resilient cultivars 

through accelerated breeding programmes 

leveraging genomic selection and genome 

editing technologies, advancing economically 

viable biological alternatives to chemical pest 

and disease management, optimizing soilless 

and vertical farming systems for broader 

commercial adoption, and strengthening post-

harvest cold chain infrastructure in developing 

countries. Collaborative efforts among 

breeders, agronomists, plant pathologists, 

engineers, and policymakers will be essential 

to realize the full potential of sustainable 

strawberry production in an era of 

unprecedented environmental and 

demographic change. 
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