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Abstract: With increasing urbanisation and consumer concerns over food miles, indoor urban
plant factories are gaining popularity. These offer precise regulation of the crop
environment, but optimal light requirements vary between species and according to
grower specifications. Here we introduce a novel assessment framework to optimise
light quality in urban plant factories accounting for yield, resource use efficiency and
flavour, factors that have only been studied separately in previous research. Yield,
water and energy use efficiency and flavour of sweet basil (  Ocimum basilicum  cv.
Genovese) and tomato (  Solanum lycopersicum  cv. Micro-Tom) were determined for
plants grown supplied with 100% blue, 66% blue + 33% red, 33% blue + 66% red, or
100% red lighting. In both species, 66% red and 100% red optimised water use
efficiency and energy use respectively. For basil, 100% blue light maximised leaf
biomass, while 66% red enhanced leaf flavouring volatiles. In Micro-Tom, all
treatments produced similar fruit biomass, but 100% red light enhanced flavour-related
volatiles in foliage. By considering trade-offs between yield, efficiency and flavour,
growers can select bespoke lighting treatments to optimise their product according to
specific market demands and minimise environmental impacts.
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Line 174: I think it is now established that “liter” should be abbreviated with a capital “L”. 

We have changed ”liter” to “L”.  

Line 178: I would suggest to start a new sentence from "Following the protocol…" 

We disagree with the reviewer as this refers to the use and settings of the GC-MS and not the 

calibration standards used. 

Line 239: Please rephrase as "Energy usage was dependent…" 

We’ve revised the expression accordingly. 

Line 313: Please remove redundant period. 

We have removed the redundant period.  

Line 257: Please check the writing of µmol m-2 s-1  

We calculated emissions of BVOC compounds in terms of mass per square meter of leaf area per 

second (ng m⁻  ² leaf s⁻  ¹), rather than by moles of compound, as is standard for emissions estimates 

in the atmospheric flux community and previous literature in plant sciences journals.  

Figure 1: I myself am not much of a “picture person” but I do not really see the purpose of this 

figure, so I would suggest to omit it. 

Figure 1 illustrates each factor within the assessment framework to indicate the parameters that 

were measured, and their implications to growers. We think this figure helps non-expert readers to 

better understand our framework and to choose appropriate measurements for their interests. 

Figure 2, legend: Please write "yield" with small letter Figure 5: I would suggest to omit this figure 

We have now revised “Yield” to “yield” but prefer to retain Figure 5 as an accessible summary of 

our results to help readers from the wider community to get useful information easier.  

 

Reviewer #2: This study aimed to introduce a novel assessment framework to optimise light quality 

accounting for yield, resource use efficiency and favour of sweet basil and tomato in single 

experimental designs.  Sweet basil and tomato were grown under different combinations of red and 

blue LED lightings. They reported that in both species, 66% and 100% red, respectively optimized 

water efficiency and energy use. For sweet basil, 100% blue light maximised leaf biomass while 

66% red light enhanced leaf flavouring volatiles. In tomato, all LED combinations produced similar 

fruit biomass, but 100% red light enhanced leaf-level volatile emissions.  The findings are interesting 

and may be useful for the growers who could select the combination of red and blue LED based on 

the market demands at a cost-effective manner. The manuscript is very written. However, the authors 

should address the following issues before publishing in "Scientia Horticulturae": 

We thank the Reviewer for recognising the novel and important contribution our paper makes, in 

developing a framework for growers to adapt to specific agronomic and market requirements. 

1.      Lines 135, why 20oC was used to grow sweet basil? It may be too low for sweet basil as it is a 

warm-weather crop.   Responses of plants to LED spectral quality also depend on other environment 

factors such as temperature.  Are there any indoor farms or plant factories growing sweet basil under 

such as a chill temperature? 

2.      Lines 141/142 "The total photon flux density (115 ± 2 μmol m−2 s−1) supply was constant 

across treatments.". PPFD of 115 μmol m−2 s−1 was too low for both species although 14 h 

photoperiod was used. Responses of plants to LED spectral quality also depend on other 

environment factors such as light intensity and daily light integral (DLI). Are there any indoor farms 



or plant factories growing sweet basil and tomato under such as a low PPFD or DLI? 

We used the default environmental settings in STC’s indoor LED growth facility that have been 

applied to cultivate a wide range of species and varieties of horticultural and agricultural plants for 

research or commercial purposes over the past five years, including basil cv. ‘Osmin Purple’. 

Optimum growing temperatures for tomato plants such as the “Microtom” used here are reported to 

range between 18 and 22˚C (Schwarz D, Thompson AJ, Kläring HP. Guidelines to use tomato in 

experiments with a controlled environment. Front Plant Sci. 2014;5:625. Published 2014 Nov 18. 

doi:10.3389/fpls.2014.00625) and we wanted to compare basil at the same temperature.  

Regarding the PPFD, 115 μmol m−2 s−1 was the light intensity measured during the leaf level Li-Cor 

sampling. The actual daily integrated PPFD that plants received is expected to increase with growth and 

development. We have revised the PPFD from a single value to a range (Line 141) and provided an average 

vertical light intensity profile in the supplementary document (Table S1a) 

3.      Line 146, how to measure the plant height for both sweet basil and tomato plants? 

Plant height from soil surface to shoot apex was measured with a tape measure (Lines 149-150).  

4.      Line 151, Harvest index (HI): why root biomass was not included in the calculation as LED 

spectral quality also affects root growth and development. 

7.      Lines 218 and 226, I am wondering if the HI for both sweet basil and tomato would be different 

if the root biomass was included for the calculations. 

Since root biomass may respond differently to different LED lighting conditions than aboveground 

biomass but is unlikely to be of interest to commercial growers of these crops, we calculated HI as 

leaf/shoot (dry mass) for basil and fruit/shoot (dry mass) for tomato respectively. Nevertheless, we 

recognise these calculations are of limited value to growers, and have removed them from Fig 2, and 

the associated main text (Lines 218-221 & 274-5).  

5.      Line 154, section 2.3 when was leaf-level gas exchange measured, at the begging of the 

photoperiod or the middle of photoperiod? 

Leaf-level measurements started 3 hours after lights were switched on, continuing to 3 hours before 

lights were switched off, thus ensuring gas exchange was measured in the middle of the photoperiod  

6.      Line 163/164 "Leaves insufficiently large to fill 163 the chamber were photographed in-situ 

and the sampled leaf area subsequently calculated using Image J software …". Which full expanded 

leaves are not big enough to cover the leaf chamber, basil leaf or tomato leaf? 

Since Micro-Tom is a dwarf tomato variety, some of its leaves were not big enough to cover the 

whole leaf chamber (2x3 cm2). This has now been clarified in the manuscript. 

8.      Lines 275 to 276 "Blue light generated the greatest yield (Fig. 5a), and therefore direct market 

value of sweet basil, and would be recommended for growers seeking to maximise harvest.". Fig. 2d 

shows that HI was the highest for sweet basial under 100% red light. The authors should discuss here 

that HI may not be a good measure for "Yield". 

We agree that HI is not a good proxy for “Yield” in this case, and have removed panels 2d & h.   

9.      Lines 277 to 286: Based on Figure S4, tomato plants grown under different combined red and 

blue light may have different light interception area and absorptance which are important factors 

responsible for the whole plant photosynthetic capability that is associated with leaf growth and 

shoot/fruit productivity. 

We agree that light interception area and absorptance are important for plant growth and 

productivity, and may change during plant development. Changes in light interception over time are 

therefore an agronomic reality which our experiment and analyses incorporate. We have added 



further discussion of this point in lines 288 – 292.  

10.     Leaf-level volatile emissions (VOCs) is used to study the favor of both sweet basil and sweet 

tomato. Would the grower be convinced for the recommendation "Both emission rate and proportion 

of leaf aromatic volatiles were stimulated by R light in Micro-Tom (Fig. 4b), which is therefore our 

recommendation (Fig. 5b)."?  Leaf-level VOCs could be different from tomato fruit favor. 

The reviewer is correct that we use foliar volatile emissions as a convenient proxy for the flavour of 

the marketable part of both species. We expect emissions of foliar VOCs to indicate plant volatile 

production rates which may to some extent provide information on flavour. In practice, even directly 

measuring leaf and fruit volatile content in basil and tomato respectively would not necessarily 

indicate consumer preference. Taste testing of basil leaves and tomato fruits grown under different 

blue:red light treatments would be essential for growers targeting markets driven by flavour. This is 

already discussed in Section 4.3, and particularly Lines 338-340 and 349-363.  



 

Yield, resource use efficiency or flavour: trade-offs of varying blue-to-red lighting 

ratio in urban plant factories 

 

Highlights 

 An assessment framework for growers to optimise LED light wavelength in urban 

plant factories; 

 Yield, resource use efficiency & flavour require different blue : red light 

combinations; 

 More red light promotes water saving and flavour volatiles in sweet basil & tomato 

 More blue light promotes leaf biomass (yield) in sweet basil 

 Trade-offs should be considered when customising lighting to meet growers’ 

market demands.  

 

 

 

 

Highlights (for review)

















Declaration of interests 

☒ The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

☐The authors declare the following financial interests/personal relationships which may be considered
as potential competing interests:

Declaration


