
Achieving the Golden Mean of NutriƟonal Quality and Yield in Greenhouse Vegetables 

Nazim S. Gruda123*, Giedre Samuolienė5, Xun Li6, Jinlong Dong6 
¹ University of Bonn, Bonn, Germany; ² Technical University of Cartagena, Cartagena, Spain; and ³ 
Academy of Sciences of Albania, Tirana, Albania 
4 Lithuanian Research Centre for Agriculture and Forestry, Kaunas, Lithuania, and 5 Lithuanian 
Academy of Science 
6 State Key Laboratory of Soil and Sustainable Agriculture, InsƟtute of Soil Science, Chinese Academy 
of Sciences, Nanjing, China 

Corresponding author: ngruda@uni-bonn.de 

Abstract 

Modern agriculture faces the dual imperaƟve of producing more food while improving its nutriƟonal 
quality. This requires moving beyond yield-centric pracƟces to strategies with a “golden mean,” where 
producƟvity and health-promoƟng traits are opƟmized together. 

Controlled-environment agriculture offers unique opportuniƟes to fine-tune growth condiƟons—
encompassing environmental, nutrient supply, and cultural pracƟces—allowing for the precise 
modulaƟon of plant physiology, growth, and development. Evidence suggests that moderate, targeted 
stressors, such as controlled salinity, regulated drought, or temperature shiŌs, can sƟmulate the 
accumulaƟon of phytonutrients, including anƟoxidants, vitamins, and minerals. Similarly, wavelength-
specific lighƟng strategies, by acƟvaƟng photoreceptors, can trigger biosyntheƟc pathways that 
enhance nutriƟonal profiles without substanƟally compromising yields. The challenge lies in idenƟfying 
the overlap between peak quality and acceptable yield for each crop and culƟvar. 

However, adopƟon barriers remain significant. High costs of advanced climate-control systems, limited 
willingness of markets to pay for nutriƟonal traits, and technological constraints in large-scale 
operaƟons hinder widespread implementaƟon. Nevertheless, emerging innovaƟons, such as ArƟficial 
Intelligence and Internet of Things, enabled monitoring, affordable high-resoluƟon sensors, and novel 
light-selecƟve greenhouse films—present a pathway toward data-driven, scalable soluƟons. IntegraƟng 
these with ecologically grounded pracƟces, such as the use of plant growth-promoƟng microorganisms, 
can further strengthen sustainability and resilience. 

In conclusion, balancing yield and nutriƟonal quality is both a scienƟfic and economic challenge. 
Success depends on integraƟng precise environmental control with crop-specific knowledge, 
supported by technology adopƟon and consumer demand for nutrient-rich produce. 

Advances in digital agriculture, materials science, and plant biology can enable greenhouse systems to 
deliver consistently high-quality vegetables at a commercial scale, helping reshape future food systems 
toward healthier and more sustainable diets. Implement moderate stress management combined with 
spectrum-opƟmized lighƟng and cost-effecƟve sensor-based control systems can synchronize yield 
objecƟves with enhanced nutriƟonal value. 
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