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Introduction

▪ Proteins are key components of human diets

▪ Proteins can be obtained from either animal
or vegetable sources

▪ A transition towards plant-based proteins is
ongoing

→ incremental consumption of plant-
based products



Protein crops in open-field

▪ Protein-rich crops:
o Legume family
o Pseudo-cereals
o Other minor crops

▪ Commercial cultivation of protein crops
takes place mainly in open fields

(--) ↑ water use, ↑ land use, ↑ emissions,
vulnerability to weather, pests & diseases

▪ Controlled-environment Agriculture (CEA)?



Soybean in controlled environment 

Soybean (Glycine max): the most promising

candidate

▪ High protein content (> 36%)

▪ High protein quality (*DIAAS: 91 %)

▪ Harvest index

▪ Short production cycle

▪ Relatively compact plant size

(Sources: Wheeler et al., 2003; Paradiso et al., 2014; FAO, 2013; Chen et al., 2012)

*Digestible indispensable Amino Acid scores 



Soybean in controlled environment 

CEA offers the opportunity to improve the nutritional value of crops

▪ This study investigates the effects of:

→ light spectrum (R:B ratio), and

→ temperature

on improving soybean yield and seed protein content.

▪ The ultimate goal is to analyze the potential of growing a

protein-rich crop in CEA in terms of:

- production

- tailored content of ingredient

- resource use efficiency Fig 1. Vertical farm research facility of
Wageningen Research (Bleiswijk, NL)



Experimental design

▪ Growing cycle: 99 days (28 Jul – 4 Nov)

▪ Two soybean cultivars ("Obelix", "Viola")

▪PPFD 500 µmol m-2 s-1, 13-hour photoperiod

▪VPD (light/dark) at 0.75/0.64 kPa

▪ CO2 setpoint: 800 ppm

▪ Nutrient supply was consistent and not limiting

Note: Initial DLI (0-8 DAS) at 11.7 mol m-2 d-1 and 17.5 m-2 d-1 (9-12 DAS), in all treatments.
Temperature in cell B was lowered from 24/22 °C to 18/16 °C at 44 DAS (R5 stage).

▪ Two light spectra:

• Reference: R: 70%, B: 22%, Y/G: 8% + FR: 14% 

• Low R:B ratio: R: 46, B: 46%, %, Y/G: 8% + FR: 9% 

▪ Two temperatures (light/dark):

• Reference: 24/22 °C

• Low temperature: 18/16 °C



Results

Lower temperature (18oC) resulted in:
• Lower yield, due to:

→ Lower number of seeds
(no effect on seed weight)

→ Lower biomass to seeds

▪ Low R:B ratio (HB) resulted in:
• Lower yield 
• Shorter stem → shorter internode 

length (no effect on # nodes)

▪ Cultivar effect: 
• Obelix had higher yield

Seed yield (gDW m-2)

Fig 1. Dry weight seeds (gDW m-2) of soybean "Obelix" and "Viola" at 99 DAS. Data
are the average of 10 plants/treatment (± SEM).
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Treatments: temperature x light spectrum

▪ 24oC_REF: 24/22 oC x REF light (R: 22 B:70)

▪ 24oC_HB: 24/22 oC x HB light (R: 46 B:46)

▪ 18oC_REF: 18/16 oC x REF light (R: 22 B:70)

▪ 18oC_HB: 18/16 oC x HB light (R: 46 B:46)



Results

Protein content (gprotein 100gDW
-1) Protein yield (gprotein m-2)

Fig 2. Seed protein concentration at end harvest (99 DAS). Data are average of
4 plants per treatment (10 pods/plant) (± SEM). Crude protein determined
using Dumas method (NCF: 6.25).

Fig 3. Calculated protein production (g m-2) based on the measured protein
content and seed yield (99 DAS).
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Should the improvement of seed yield be the 

main focus to improve protein yield?



Comparison with open field

Protein content 

(%)

Obelix 41% 32-37%

Viola 38-42% 36-39%

Seed yield

(gFW m-2)

(15% moisture)

Obelix 270-320 383-676

Viola 200-280 344-534

Protein yield

(gprot m-2)

Obelix 93-110 133-212

Viola 64-99 126-188

*Open field Vertical farm

→ LOWER

→ 2X HIGHER

→ 2X HIGHER

*Source: Timmers & de Visser, 2019



Comparison with open field

10
(Sources: Hoff et al., 1982; Poore & Nemecek 2018; Mekonnen, M., & Hoekstra, A. Y. (2010);
Mousavi-Avval et al., 2011)

Estimated resource use per 1 g of protein



Conclusions 

• Seed yield:

→ Higher under reference temperature (24/22 oC)

→ Higher under high R:B ratio (REF)

→ Cultivar effect (Obelix > Viola)

→ 2x higher than open field

• Protein content:

→ Higher under low temperature treatment (18/16 oC) in R5 stage

→ Cultivar effect (Viola > Obelix)

→ final protein content < 38-42% (no premium quality)

→ final protein content < open field

• Crop height:

→ Reduced under low R:B ratio (HB)

Should the improvement of seed yield be the 

main focus to improve protein yield?



Take home message

❑ A first step to study performances of soybean in CEA

❑ Opportunity to optimize production and increase

nutritional value

❑ ↑ land and water use efficiency, ↓ energy use efficiency

compared to open field

❑ Greenhouses with different level of technologies can

bridge the gap in between the two systems

❑ Selection of most suitable cultivars

❑ Need for viable business models



Thank you for 
your attention!

Questions?

Contact: isabella.righini@wur.nl
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