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The Response of Egyptian Spinach and Vegetable 
Amaranth Microgreens to Different

 Light Regimes

Introduction

Increased interest in better nutrition and healthy living coupled 
with the need to increase food production to meet the dietary needs 
of the world’s growing population has result in enhanced interest 
in nutrient rich functional foods like microgreens. Microgreens 
are tender immature greens usually harvested at 7-14 days after 
germination [1]. Microgreens contain high levels of vitamins, 
minerals and antioxidants in comparison to mature leaves [2,3]. 
Their rich nutritional contents coupled with the health benefits 
associated with their consumption is making microgreens very 
popular [4,5]. Consequently, they are increasingly becoming  

 
components of popular recipes in many upscale markets and 
restaurants [6,7]. Microgreens are often grown indoors under 
controlled environmental conditions with the help of artificial 
lights such as light emitting diodes (LEDs). The use of LEDs 
can be advantageous because it allows for adjustment of light 
intensity and wavelength to meet requirements for different plant 
species [8-11]. In addition, studies have shown that LED light 
can improve the shelf life and nutritional quality of horticultural 
produce at decreased cost [10]. The flexibility in LED settings has 
permitted researchers to investigate and document the effects of 
light quality on the concentration of phytonutrients and yield of 
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Abstract 
Production of specialty microgreens under controlled environments can help increase their supply in Texas. This experiment was carried out to 

evaluate the effects of light regimes on the growth of Egyptian spinach and vegetable amaranth microgreens in a grow tent. Seeds were planted in 
10.2 × 10.2 cm trays containing promix potting soil. Egyptian spinach and vegetable amaranth received 6 light treatments which includes red, yellow, 
green, blue, white, and natural light. Light properties of all the light treatments were 1.66 mol m-2 d-1 for daily light integral (DLI), 40 μmol m-2 s-1 for 
photosynthetic photon flux density (PPFD) and 11.5 hours for photoperiod. Each tray received 40 ml of water at 48 hours intervals. Environmental 
factors such as CO2, temperature, and relative humidity were adjusted to simulate greenhouse conditions. This study was set up in a completely 
randomized design with three replications. Microgreens were harvested at three weeks after planting when the plants reached their first true leaf 
stage. The data collected including plant height, SPAD reading, and microgreens yield was analyzed using the JMP software at P< 0.05. Plant height 
of Egyptian spinach microgreens increased under blue and natural light. However, plant height for vegetable amaranth microgreens increased for 
all the light treatments except for yellow light. Increases in SPAD readings were observed for Egyptian spinach microgreens growing under yellow, 
green, blue, white light, and natural light. Vegetable amaranth did not show any differences in SPAD reading for the light treatments. A decrease 
in  yield was observed for vegetable amaranth microgreens when it grew under blue light, but it increased under natural and green light. Light 
treatment did not affect yield of Egyptian spinach microgreens.
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horticultural produce under controlled environments [11-15]. 
One of such studies [16] showed that though artificial light had a 
similar effect on photosynthesis of single leaves, species or cultivar 
morphology caused differences in light response and plant yield 
was affected by both photosynthetic and morphological responses 
[16]. Artificial light regimes can modify photosynthetic processes 
in plants since they do not provide the same light intensity or 
photoperiod as sunlight [11]. Studies suggest that red light is more 
effective in improving photosynthesis compared to blue or green 
light [16,17]. For example, leaf area of grape (Vitis vinifera cv. 
‘Jingxiu’) as well as the dry mass distribution ratio increased when 
they were provided with supplementary red light in a greenhouse 
[18]. In another study, photosynthetic rate of green and red perilla 
(Perilla frutescens) a popular herb in East Asia increased with red 
light for both varieties [19]. Similarly, red perilla produced more 
and bigger leaves, and greater dry weight when grown under red-
enriched light treatments (red light, red and blue light mix, and 
red and green light mix) than under blue light, blue and green 
light mix, or green light [20]. Though the effects of LED lighting on 
microgreens has been investigated for several vegetables especially 
the Brassicaceae [5], much work has not been done on their effect 
on specialty vegetables like amaranth (Amaranthus spp.) and 
Egyptian spinach (Corchorus olitorius L.). These vegetables are very 
nutritious and have good niche markets in the large metropolitan 
areas of Texas including Houston, Dallas-Fort Worth, Austin and 
San Antonio because of the diverse nature of their residents and 
increasing population of minorities [21,22]. Therefore, exploring 
controlled environment cultivation of these vegetables can add to 
their production options and provide consumers with more buying 
choices. This study evaluated effects of red, yellow, green, blue, 
white, and natural light regimes on the growth of Egyptian spinach 
and vegetable amaranth microgreens in a controlled environment.

Materials and Methods

Growth chamber set up and light treatment

This study was conducted in a Gorilla grow tent at the Research 
Farm of Prairie View A&M University located in Prairie View, 
TX. The grow tent was compartmentalized using a storage rack 
and an opaque material. Each compartment was equipped with 
multispectral LED-based lighting system (Philips Hue White and 
Color Ambiance A19 Smart LED Bulb – Multicolor, 60 W, Somerset, 
NJ, USA). The lighting system for each compartment comprised of 
18 selected bulbs attached to a wooden board placed 40 cm above 
the microgreens. The LED lights were adjusted to the following 
specifications: photoperiod, 11.5 hours; daily light integral (DLI), 
1.66 mol m-2d-1; and photosynthetic photon flux density (PPFD), 40 
μmol m-2s-1. The light treatments namely red, yellow, green, blue, 
white, and natural light (i.e. light under greenhouse conditions; 
control) were randomly assigned to the compartments in a 
completely randomized design. The LED bulbs were configured 
according to light treatment and each treatment was replicated 
three times.

Microgreens production and environment

Egyptian spinach and vegetable amaranth (var. Red Leaf) seeds 
were broadcast at 2.5 g and 1 g respectively in 10.2 × 10.2 cm trays 
containing promix potting soil.  The production of microgreens for 
each vegetable was considered a separate experiment and had 3 
replications per light treatment. Each tray received 40 ml of water 
at two-day intervals. Carbon dioxide, temperature, and relative 
humidity in the grow tent were adjusted to simulate greenhouse 
growing conditions. Average carbon dioxide, temperature, and 
relative humidity in the growth tent were 529 ppm, 22.2oC, and 
61.9% respectively, whereas average carbon dioxide, temperature, 
and relative humidity in the greenhouse were 524 ppm, 24.5oC, and 
69.0% respectively.

Microgreens harvesting, data collection and analysis 

The Egyptian spinach and vegetable amaranth microgreens 
were harvested 3 weeks after planting at the first true leaf stage by 
cutting the microgreens from the potting soil level, and weighed for 
yield determination. Prior to harvesting, plant height was recorded 
using a meter stick by measuring from the potting soil level to the 
tip of the top-most leaf. SPAD meter reading was taken from three 
randomly selected leaves from each treatment using a Minolta SPAD 
502 Plus chlorophyll meter (Spectrum Technologies Inc., Aurora, IL, 
USA). All the data collected including plant height, SPAD reading, 
and microgreens yield, were subjected to analysis of variance using 
the JMP software and conclusions drawn at P< 0.05.  Plant height, 
SPAD reading and yield data for each vegetable were also correlated 
using the same software.  Significance of the correlation was also 
determined at the 5% significance level.

Results

Plant height response to light treatment

Plant height for Egyptian spinach microgreens ranged from 3.3 
(red light) to 5.6 cm (natural light) (Figure 1). Egyptian spinach 
plant height was greater for microgreens grown under natural 
light and was 18%, 24%, 29%, and 41% higher than white, green, 
yellow and red light respectively (Figure 1). However, plant height 
for Egyptian spinach microgreens was not different between blue 
and natural light. Height of plants growing under red light was 
23% and 28% shorter than plants growing under green and white 
light respectively, but it was not different from yellow light (Figure 
1). Plant height for vegetable amaranth microgreens ranged from 
3.3 (yellow light) to 4.16 cm (natural light) (Figure 2). Vegetable 
amaranth microgreens growing under natural light was 20% taller 
than yellow light (Figure 2). Nonetheless, there was no difference 
in plant height between red, yellow, green, blue and white light 
(Figure 2). 

SPAD reading response to light treatment

SPAD readings for Egyptian spinach microgreens ranged from 
17.9 (red light) to 28.9 (natural light) (Table 1). SPAD reading 
for Egyptian spinach microgreens for red light was 31%, 32%, 
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33% and, 38% less than green, white, yellow, and natural light 
respectively (Table 1). However, there was no difference in SPAD 
reading for Egyptian spinach produced under red and blue light 

(Table 1). SPAD readings from vegetable amaranth microgreens 
ranged from 12.0 (red light) to 19.3 (blue light) but did not show 
any difference among the light treatments (Table 1).

 

Figure 1: Plant height of Egyptian spinach as affected by light regime.

 

 Figure 2: Plant height of vegetable amaranth as affected by light regime.

Table 1: Effect of light treatment on SPAD reading and yield of vegetable amaranth and Egyptian spinach microgreens.

Light Treatment
Egyptian Spinach Microgreens Vegetable Amaranth Microgreens

SPAD Reading† Yield (gm-2) SPAD Reading Yield (gm-2)

Red 17.96b 1447.0a 12.03a 8320ab

Yellow 26.96a 32578.0a 14.07a 8992ab

Green 26.03a 33186.0a 13.23a 9250a

Blue 22.80ab 3597.7a 19.3a 7441b

White 26.33a 9474.6a 16.43a 8630ab

Natural 28.93a 6149.9a 17.37a 9457a

LSD 6.527 44234 8.293 1956

P-value <.0001 0.1278 0.42 <.0001
†Means within column followed by the same letter(s) are not significantly different at P<0.05.

Yield response of microgreens to light treatment

Yield of Egyptian spinach microgreens ranged from 1447 (red 
light) to 9474 gm-2 (white light) but did not show any differences 
among the light treatments (Table 1). Vegetable amaranth 
microgreens yield ranged from 7441 (red light) to 9250 gm-2 (green 
light) (Table 1). Yield of vegetable amaranth microgreens growing 

under blue light was 19% and 21% less than green and natural light 
respectively (Table 1). Notwithstanding there was no difference 
in yield between blue, red, yellow, and white light for vegetable 
amaranth microgreens (Table 1). As presented in Table 2 only the 
SPAD reading for Egyptian spinach had a significant correlation 
with microgreens yield (r2=0.76; p= 0.0004).
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Discussion

Light is essential for photosynthesis, but light provided by 
the LEDs can modify the process of photosynthesis as artificial 
light does not provide the same light spectrum, light intensity or 
photoperiod like natural light [11]. Our results show that SPAD 
reading increased for Egyptian spinach microgreens when it was 
grown under yellow, green, blue, white, and natural light, however 
SPAD reading reduced under red light. Vegetable amaranth 
microgreens on the other hand did not show differences in SPAD 
reading in response to light treatment. Studies [23-25] found that 
blue light increased the rate of chlorophyll a/b and promoted 
stomatal opening in plants. SPAD reading is a proxy for measuring 
chlorophyll content in leaves, hence yellow, green, blue, white, and 
natural light may have increased the rate of chlorophyll a/b and 

promoted stomatal opening of Egyptian spinach microgreens. SPAD 
reading is positively correlated to leaf chlorophyll concentration 
[26, 27], leaf nitrogen [26, 27], photosynthesis [26, 28], and crop 
yield [29-31]. Yield for vegetable amaranth microgreens increased 
when it was grown under green and natural light, notwithstanding 
yield decreased under blue light. This is similar to reported findings 
that biomas production in red leaf lettuce increases under exposure 
to green light [32]. In contrast, most plant species increase yield 
under combined wavelengths with large proportion of red light 
supplemented with blue light [10]. The SPAD reading for Egyptian 
spinach microgreens had a significant positive  correlation with 
yield (Table 2). This indicates that red, yellow, green, blue, white 
and natural lights increased SPAD reading with a corresponding 
increase in Egyptian spinach microgreens yield.

Table 2: Correlation between plant height, SPAD reading and yield for Egyptian spinach and vegetable amaranth microgreens.

Variables
Egyptian Spinach Microgreens Vegetable Amaranth Microgreens

Plant height (cm) SPAD Reading Yield (gm-2) Plant height (cm) SPAD Reading Yield (gm-2)

Plant height (cm)
1 0.434 0.377 1 0.224 0.266

  0.072 0.123   0.327 0.244

SPAD Reading
  1 0.746   1 -0.135

    0.0004     0.558

Yield (gm-2)     1     1

Conclusions

An increase in plant height was observed when Egyptian 
spinach microgreens were grown under blue and natural light. 
However, the height of vegetable amaranth microgreens was 
statistically the same for all the light regimes except for yellow light. 
SPAD readings for Egyptian spinach microgreens grown under 
yellow, green, blue, and white light were comparable to natural 
light. However, SPAD readings for all the light regimes were similar 
to natural light for vegetable amaranth microgreens. Microgreens 
yield for vegetable amaranth was enhanced when grown under 
red, yellow, green, white, and natural light. Conversely, the light 
treatments did not produce significant differences in the yield 
of Egyptian spinach microgreens. Future research will include 
nutritional content evaluation of Egyptian spinach and vegetable 
amaranth microgreens grown under these light regimes.
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