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Abstract
Background  The effects of different photoperiods on plant phytochemical synthesis can be improved by adjusting 
the daily light integral. Photoperiod is one of the most important environmental factors that control growth, plant’s 
internal rhythm and the synthesis of secondary metabolites. Information about the appropriate standard in terms of 
photoperiod for growing basil microgreens as one of the most important medicinal plants is limited. In this study, 
the effects of five different photoperiods, 6 (6 h × 3 cycles), 8 (8 h × 2 cycles), 16, 18, and 24 h day− 1 on the yield, 
photosynthesis and synthesis of secondary metabolites of three cultivars and one genotype of basil microgreens in 
floating system were evaluated. The purpose of this research was to determine the feasibility of using permanent 
light in growing basil microgreens and to create the best balance between beneficial secondary metabolites and 
performance.

Results  The results showed that the effects of photoperiod and cultivar on all investigated traits and their 
interaction on photosynthetic pigments, antioxidant capacity, total phenolic compounds, proline content and 
net photosynthesis rate were significantly different at the 1% level. The highest levels of vitamin C, flavonoids, 
anthocyanins, yield and antioxidant potential composite index (APCI) were obtained under the 24-h photoperiod. 
The highest antioxidant capacity was obtained for the Kapoor cultivar, and the highest total phenolic compound 
and proline contents were measured for the Ablagh genotype under a 24-h photoperiod. The highest yield (4.36 kg 
m− 2) and APCI (70.44) were obtained for the Ablagh genotype. The highest nitrate content was obtained with a 
photoperiod of 18 h for the Kapoor cultivar. The highest net photosynthesis rate was related to the Violeto cultivar 
under a 24-hour photoperiod (7.89 μmol CO2 m− 2 s− 1). Antioxidant capacity and flavonoids had a positive correlation 
with phenolic compounds and vitamin C. Yield had a positive correlation with antioxidant capacity, flavonoids, 
vitamin C, APCI, and proline.
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Background
Microgreens have high nutritional value due to the pres-
ence of phytochemical compounds with antioxidant 
properties and have been introduced as a fresh super-
food or functional food in the 21st century [1]. Due to 
the presence of plant antioxidants, including total phe-
nolic compounds (TPC), vitamin C, total flavonoid 
compounds (TFC), anthocyanins (ACNs), carotenoids 
(CARs), and macro and micronutrients, basil (Ocimum 
basilicum L.) has emerged as one of the most advanta-
geous fragrant plants for cultivating microgreens [2].

The photoperiod, as one of the most important fac-
tors of light conditions, is one of the foremost basic envi-
ronmental factors involved in altering morphogenesis, 
physiology, photosynthesis, and the generation of plant 
phytochemicals, and yield through changes within the 
development cycle of microgreens [3]. The response of 
horticultural crops to different photoperiods is known to 
some extent, and the results of many studies have been 
reported so far. However, there is inadequate information 
about the response of different basil microgreen cultivars 
and genotypes to short and long photoperiods as well as 
continuous lighting (CL). The two photoperiods that are 
most frequently utilized in plant production are 12 and 
16  h, according to a study by Appolloni et al. [4]. The 
response of plants to long photoperiods is highly geneti-
cally dependent; however, exceeding tolerable photope-
riod limits can be associated with photooxidative damage 
to plant leaves, the production of harmful reactive oxy-
gen species (ROS), and a mismatch between internalized 
circadian rhythms, which can cause a yield reduction 
in some species and cause economic loss for producers 
[5]. When a plant is exposed to constant light, the pho-
toreceptor components in the reaction centers of pho-
tosystems I and II are negatively affected, which causes 
a decrease in transcription and a loss of light energy [6]. 
The response of different plants to long photoperiods is 
different, and more recent research has provided evi-
dence that CL can lead to crop production without pho-
todamage [7]. Using a 24-h photoperiod means having 
photon energy continuously available for plant CO2 fixa-
tion in the Calvin cycle and providing continuous growth 
and biomass enhancement [8]. Continuous lighting has 
increased the yield and plant biochemical of lettuce cul-
tivars and some members of the Brassicaceae family [9, 

10]. The effects of different photoperiods (8-12-16–24 h 
day− 1) on the growth of red and green crocus micro-
greens were studied, and the results showed that a 16 h 
light period increased yield, chlorophyll a (Chl a), chloro-
phyll b (Chl b), total CARs, ACNs, vitamin C (Vit C), and 
total antioxidant capacity (TAC) in both species [11]. In 
another experiment, the effects of different photoperiods 
(12, 14, 16, 18 and 20 h day− 1) on the antioxidant poten-
tial and nutritional value of two microgreens, cabbage 
(Brassica oleracea L.) and Chinese cabbage (Brassica 
oleracea var. Alboglabra Bailey), showed that the biomass 
of two microgreens reached a maximum with a photope-
riod of 14 h, while the highest amount of Chl and CARs 
was obtained with a photoperiod of 16 h [12]. Research 
on the effect of LED light with 24 and 16  h day− 1 pho-
toperiods on the performance and plant phytochemicals 
of radish, mizuna, cabbage, broccoli and arugula showed 
that the leaf weight and leaf area in all plants with a 16 h 
photoperiod were significantly greater than those with 
a 24  h photoperiod, but a 24  h photoperiod caused the 
accumulation of ACNs, TFC, and proline (Pro) in all spe-
cies, and only in arugula did it cause a decrease in nitrate 
content [10].

Unlike in tomatoes and peppers [13, 14], in micro-
greens, CL stress usually lasts less than one month, and 
if the plant can balance the photo-oxidative stress with 
the synthesis of antioxidants without damaging yield 
[15], CL can be used as a viable strategy for growing basil 
microgreens. As a product rich in plant biochemicals 
with antioxidant properties, it is used in plant factories. 
In a previous study among 21 basil microgreeen geno-
types and cultivars, the Violeto, Red Rubin, Kapoor, and 
Ablagh genotypes had the highest APCI index [16]. In 
another study, it was shown that changing control con-
ditions and growth as well as nutrient solution changes 
can increase the TAC of these cultivars [17]. However, 
no information has been reported about their antioxi-
dant response, photosynthesis and performance under 
different photoperiods and under CL. Accordingly, this 
research was conducted to investigate the effect of short 
and long photoperiods (including CL) on the yield, pho-
tosynthesis and antioxidant compounds of basil micro-
greens in a floating system. In addition to the feasibility 
of using a long photoperiod, the highest balance between 

Conclusions  Under continuous light conditions, basil microgreens resistance to light stress by increasing the 
synthesis of secondary metabolites and the increase of these biochemical compounds made basil microgreens 
increase their performance along with the increase of these health-promoting compounds. The best balance 
between antioxidant compounds and performance was achieved in continuous red + blue light. Based on these 
results, the use of continuous artificial LED lighting, due to the increase in plant biochemical with antioxidant 
properties and yield, can be a suitable strategy for growing basil microgreens in floating systems.
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yield and antioxidant compounds was determined using 
the different photoperiods.

Methods
In this study, the effects of five photoperiods, 6 (6 h × 3 
cycles), 8 (8 h × 2 cycles), 16, 18 and 24 h day− 1, on the 
yield and antioxidant response of three cultivars (Violeto, 
Kapoor, and Red Rubin) and one genotype (Ablagh geno-
type) of basil microgreens were investigated using a split-
plot approach based on a randomized complete block 
design in a floating system with four replications. The 
seeds were sown in growth trays (105 cells) with 48.5  g 
m− 2 density in a mixture of cocopeat and perlite (v/v: 
50%), and for faster germination, the trays were stored at 
a temperature of 25 °C and 60% relative humidity and 400 
ppm of CO2 for 48 h in the dark. After seed germination, 
the different photoperiods were established using an LED 
artificial light with a combination of blue (450 nm) + red 
(650  nm) light (1:1) (Iran Grow Light Co. Ltd., Iran) 
and the light intensity was adjusted to 300 ± 15 μmol 
photons m− 2 s− 1 by using an AP4 porometer (Delta-T 
Devices, Cambridge, UK) in the plant growth chamber. 
The day and night temperatures were set at 24/22 ± 1 °C, 
and the relative humidity during the growth period was 
65–75 ± 5%. Hoagland’s nutrient solution (Supplementary 
Table S1) with an EC of 2.40 mS cm− 1 and pH of 6 ± 0.2 
was used to feed the basil microgreens in a floating sys-
tem [17]. Due to the high volume of the nutrient solution 
and no change in EC level, the nutrient solution was not 
renewed during the growth period. The pH of the nutri-
ent solution was adjusted using 1 M nitric acid and 1 M 
NaOH daily. All sampling to evaluate biochemical com-
pounds on the day of harvesting was done. Five samples 
were prepared from each replication and their average 
was used to measure studied trains.

Determination of photosynthetic pigments
Arnon’s method was modified to quantify the Chl a, 
Chl b, total Chl, and CARs of leaves [18]. First, 30 mg of 
leaves was extracted using 300 μL of 80% acetone. Fol-
lowing centrifugation at 3000 rpm for 10 min on a Sigma 
2–16 KL centrifuge (Sigma Lab. GmbH), 250 μL of the 
extract was added to each well of a microplate reader 
(INNO, LTEK, Gyeonggi-do, Korea), and the absorbance 
was measured at wavelengths of 663, 645, and 470  nm. 
The contents of Chl a, Chl b, total Chl, and CARs were 
determined using formulae 1–4.

	
Chl a =

(12.7× A663)− (2.69× A645)

W
× V� (1)

	
Chl b =

(22.9× A645)− (4.68× A663)

W
× V� (2)

	
Total Chl =

(20.08× A645)− (8.02× A663)

W
× V� (3)

	CARs =
(1000× A470)− (1.08× Chl a)− (58.2× Chl b)

198
� (4)

W = sample weight (g), V = sample volume (mL).

Total antioxidant capacity, polyphenols, flavonoids, and 
anthocyanins
Firstly, 0.5  g of fresh leaves was extracted with 500 μL 
of 80% methanol and incubated in the dark for 24 h in a 
refrigerator. The extracted materials were centrifuged at 
3000 rpm for 15 min to calculate the levels of antioxidant 
and biochemical compounds [17].

The TAC was determined using the method described 
by Sharma and Bhat [19]. The percentage of inhibition 
of 2-diphenyl-1-picrylhydrazyl (DPPH) was determined 
as follows: radical scavenging activity DPPH% = {(Abs of 
control − Abs of sample)/(Abs of control)}×100.

	
DPPH% =

(Abs of control − Abs of sample)
Abs of control

× 100

To determine the TPC, 160 μL of 1 M Na2CO3 solution 
and 20 μL of 10% (w/v) Folin-Ciocalteu reagent were 
mixed with 20 μL of the leaf extract [20]. After 20  min 
of incubation in the dark, the absorbance at 765 nm was 
measured using a microplate reader. The TPC was esti-
mated in terms of mg gallic acid g− 1 fresh weight using 
the gallic acid calibration curve (y = 105.88x, R2 = 0.99).

The flavonoids were evaluated by combining 20 μL of 
the extracted sample with 85 μL of distilled water and 5 
μL of 5% NaNO2. After a 6  min reaction, 10 μL of 10% 
AlCl3•6H2O was added to the mixture. After another 
5 min of reaction, 35 μL of 1 M NaOH and 20 μL of dis-
tilled water were added, and the absorbance at 520  nm 
was measured [21].

Two buffers were used to measure the ACNs: the first 
solution was potassium chloride with a pH of 1 (0.025 M), 
which was adjusted using HCl. The second solution was 
sodium acetate with a pH of 4.5 (0.4 M). Next, 40 μl of 
basil extract was added to the microplate well along with 
160  μl of buffer solution, and the absorbance was mea-
sured at wavelengths of 520 and 700 nm using a micro-
plate reader after 20 to 50 min [22].

Proline content
Firstly, 0.1  g of fresh leaves was extracted with 10 mL 
of 80% methanol. Ninhydrin reagent was prepared by 
dissolving 2.25  g of ninhydrin in 54  ml of glacial acetic 
acid and 36 ml of 6 M phosphoric acid and then adding 
450  ml of distilled water. The microtube was filled with 
50 μl of extract and 250 μl of (ninehydride reagent, water) 
and incubated at 65  °C for 45  min. After incubation, 



Page 4 of 13Fayezizadeh et al. BMC Plant Biology          (2024) 24:712 

250 μl of the solution was added to the microplate, and 
the samples were analyzed at 515  nm. The proline con-
tent was determined using the L-proline standard curve 
(y = 4.9804x – 0.0309, R² = 0.99) and is given in mg g− 1 
fresh weight [23].

Determination of vitamin C content
To calculate the Vit C content of leaves, 300  mg of 
sample was isolated and combined with 1000  μl of 1% 
metaphosphoric acid before centrifugation at 850  g for 
15  min. The supernatant was then combined with an 
equivalent quantity of 2,6-dichloroindophenol (DCIP) 
sodium salt (30 ppm) and incubated at 25  °C for 5  min 
[24]. The microplate reader described above was used to 
detect the absorbance at a wavelength of 515 nm in the 
last stage. The concentration of Vit C was estimated using 
a standard curve for Vit C (mg Vit C g− 1 fresh weight) 
(y = 629.42x × 5.3205, R2 = 0.99).

Calculation of the antioxidant potential composite index
The antioxidant capacity of basil microgreens was quan-
tified using the antioxidant potential composite index 
(APCI) [17, 25]. The APCI was calculated as the sum of 
six antioxidant activity indices, which included TAC, Vit 
C, CARs, TFC, TPC, and ACNs, using formula 5:

	APCI = (((
Measured X1

Max X1
)+ · · ·+(Measured X6

Max X6
))/N)× 100� (5)

X1: Antioxidant capacity; X2: Polyphenols; X3: Vitamin C; 
X4: Flavonoids; X5: Anthocyanins; X6: Carotenoids; Max: 
The maximum amount of each antioxidant activity indi-
ces; N: Number of trains.

Nitrate content
The modified microplate spectrophotometer method of 
Hachiya and Okamoto was used to determine the nitrate 
concentration [26]. A tube containing 500  μl of deion-
ized water and 50 mg of frozen microgreen powder was 
placed in a boiling water bath for 20  min. The sample 

was centrifuged for 10 min at 3000 rpm after cooling to 
ambient temperature. A mixture of 10  μl of the extract 
and 40 μl of salicylic acid in 0.05% (w/v) sulfuric acid was 
then incubated for 20  min at room temperature. Each 
sample was then given 1 mL of 8% NaOH (w/v) solu-
tion. Using a microplate reader to determine the absor-
bance at 410 nm, the quantity of nitrate was determined 
using the nitrate standard curve in mg kg− 1 fresh weight 
(y = 5149x-60.696, R² = 0.99).

Yield
At the two-leaf stage, basil microgreens were collected 
under photoperiods of 24 h day− 1 (18 days after sowing), 
18 and 16 h day− 1 (25 days after sowing), and 8 and 6 h 
day− 1 (21 days after sowing), and the yield was deter-
mined based on kg m− 2.

Net photosynthesis rate
The net photosynthesis rate was measured using an 
LCi-SD portable photosynthesis system (ADC Bioscien-
tific Ltd., Hoddesdon, UK) between 10 and 11 AM on 
the day before harvesting. For this purpose, 10 readings 
were taken from each replication, and the average of 10 
readings was used for mean comparison and analysis of 
variance. The leaf temperature at the time of measuring 
photosynthesis was 24.35  °C and intercellular CO2 was 
454 μmol m− 2 s− 1.

Statistical analysis
For the data analysis, IBM SPSS software version 22 was 
used. Duncan’s multiple range test (p ≤ 0.05) was used to 
compare means. To find any linear relationships between 
the trains under study, a bivariate Pearson correlation 
analysis was carried out.

Results
Photosynthetic pigments
The simple effects and the interaction effects of photo-
period and cultivar on the amount of Chl a, Chl b, Chl 
a + b, and CARs were significantly different at the 1% 
level (Table  1). The greatest amounts of Chl a, b, a + b, 
and CARs related to the basil genotype were detected 
under the 18, 24, 18 and 24-h photoperiods, respectively 
(Table 2). Total Chl had a positive and significant correla-
tion with CARs, TPC, and Pro (Table 3).

Total antioxidant capacity
The simple effects and the interaction effects of photope-
riod and cultivar on the amount of TAC were significantly 
different at the 1% level (Table  4). The greatest amount 
of TAC was observed for the Kapoor cultivar under the 
24-h photoperiod, which was 178% greater than that 
of the Red Rubin cultivar under the 8-h photoperiod 

Table 1  Variance analysis for photosynthetic pigments as a 
function of photoperiod and cultivar
Source of variance DF Mean Squares

Chl a Chl b Chl a + b CARs
Replication 3 0.002 ns 0.001 ns 0.002 ns 0.001 ns

Photoperiod 4 0.019** 0.006** 0.024** 0.006**

Error 12 0.003 0.001 0.002 0.001
Cultivar 3 0.241** 0.086** 0.319** 0.087**

Cultivar × Photoperiods 12 0.002** 0.002** 0.004** 0.003**

Error 35 0.001 0.001 0.001 0.001
(CV(% 13.83 14.38 13.75 13.63
Note. **, *, ns: significant effect at 1%, 5%, and no significant effect, respectively. 
Chl a = Chlorophyll a; Chl b = Chlorophyll b; Chl a + b = Chlorophyll a + b; 
CARs = Carotenoids.
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(Table 2). TAC had a positive and significant correlation 
with TFC, TPC, Vit C, and Pro (Table 3).

Total phenolic compounds
The simple effects and the interaction effect of photope-
riod and cultivar on the TPC were significantly different 
at the 1% level (Table 4). The greatest TPC was observed 
for the Ablagh genotype under the 24  h photoperiod, 
which was 140% greater than that of the Red Rubin cul-
tivar under the 6  h photoperiod (Table  2). TPC had a 
positive and significant correlation with Vit C, Pro, and 
nitrate (Table 3).

Proline content
The simple effects and interaction effects of photoperiod 
and cultivar on the amount of Pro were significantly dif-
ferent at the 1% level (Table  4). The greatest amount of 
Pro was detected in the Ablagh genotype in under the 
24 h photoperiod, which was 475% greater than the Vio-
leto cultivar under the 18 h photoperiod (Table 2).

Total flavonoid compounds
The simple effects of photoperiod and cultivar on the 
TFC of basil microgreens were significantly different at 
the 1% level, but their interaction did not significantly 
differ (Table 4). The highest TFC was calculated for the 

24 h photoperiod, which increased by 52% compared to 
8-h photoperiod (Table 5). The greatest TFC was calcu-
lated for the Red Rubin cultivar, which was 98% greater 
than the Kapoor cultivar (Table  6). TFC had a positive 
and significant correlation with TPC and Vit C (Table 3).

Vitamin C content
The simple effects of photoperiod and cultivar on the Vit 
C content of basil microgreens were significantly differ-
ent at the 1% level, but their interaction did not signifi-
cantly differ (Table 4). The greatest amount of Vit C was 
detected under the 24-h photoperiod, which increased 
by 60% compared to that under the 8-h photoperiod 
(Table  5). The highest amount of Vit C was detected in 
the Ablagh genotype, which was 98.51% greater than 
that in the Red Rubin cultivar (Table  6). The Vit C had 
a positive and significant correlation with ACNs and pro 
(Table 3).

Anthocyanin content
The simple effects of photoperiod and cultivar on the 
ACN content of basil microgreens were significantly dif-
ferent at the 1% level, but their interaction did not sig-
nificantly differ (Table  4). The highest ACN content 
was calculated under the 24-hour photoperiod, which 
increased by 50% compared to that under the 8-hour 

Table 2  Mean comparison of photosynthetic pigments and biochemical traits of basil microgreens
Treatments Chl a

(mg g− 1 FW)
Chl b
(mg g− 1 FW)

Chl a + b
(mg g− 1 FW)

CARs
(mg g− 1 FW)

TAC
(%)

TPC
(mg GA 100 g− 1 
FW)

Pro
(mg g− 1 FW)Photo-

periods 
(h day− 1)

Cultivars

24 Violeto 0.53 ± 0.02ij 0.17 ± 0.01h 0.70 ± 0.02i 0.26 ± 0.01bcde 83.48 ± 2.06bc 927.39 ± 65.21e 4.47 ± 0.18b

Ablagh 1.11 ± 0.05a 0.39 ± 0.01a 1.51 ± 0.05a 0.37 ± 0.03a 85.25 ± 0.91b 1444.92 ± 43.87a 6.33 ± 0.24a

Kapoor 0.70 ± 0.05fg 0.21 ± 0.01g 0.92 ± 0.05fg 0.23 ± 0.01defg 95.86 ± 1.66a 1301.63 ± 29.23abc 2.59 ± 0.37cd

Red Rubin 0.74 ± 0.02ef 0.23 ± 0.01g 0.97 ± 0.02fg 0.30 ± 0.02bc 55.91 ± 1.87gh 847.51 ± 42.71ef 2.65 ± 0.35cd

18 Violeto 0.68 ± 0.01fgh 0.22 ± 0.02g 0.90 ± 0.02fg 0.18 ± 0.01hij 70.07 ± 0.79de 916.10 ± 81.90ef 1.10 ± 0.08h

Ablagh 1.17 ± 0.01a 0.38 ± 0.02ab 1.56 ± 0.03a 0.31 ± 0.01b 74.97 ± 1.25cde 1347.87 ± 96.13ab 2.78 ± 0.14c

Kapoor 0.73 ± 0.02ef 0.25 ± 0.01g 0.98 ± 0.02f 0.20 ± 0.01fghi 82.05 ± 1.62bc 1227.16 ± 113.31bc 1.86 ± 0.20efg

Red Rubin 0.98 ± 0.03bc 0.35 ± 0.01bc 1.33 ± 0.02bc 0.26 ± 0.01bcde 44.89 ± 1.15ij 711.16 ± 30.85fgh 1.74 ± 0.05efgh

16 Violeto 0.56 ± 0.01hij 0.18 ± .01h 0.74 ± 0.02hi 0.16 ± 0.01ij 66.04 ± 2.37ef 877.98 ± 101.80ef 1.25 ± 0.20gh

Ablagh 1.08 ± 0.04ab 0.35 ± 0.01bc 1.43 ± 0.04ab 0.30 ± 0.02bc 71.19 ± 3.73de 1299.75 ± 45.40abc 2.04 ± 0.25def

Kapoor 0.66 ± 0.01fgh 0.23 ± 0.01g 0.89 ± 0.01fg 0.22 ± 0.02efgh 75.98 ± 8.34bcd 1135.98 ± 40.15cd 1.60 ± 0.12fgh

Red Rubin 0.90 ± 0.04cd 0.31 ± 0.01def 1.21 ± 0.05cde 0.23 ± 0.01defg 36.78 ± 2.14jk 792.69 ± 31.89efgh 1.72 ± 0.15efgh

8 × 2 Violeto 0.51 ± 0.01ij 0.15 ± 0.01h 0.66 ± 0.01i 0.15 ± 0.01j 50.53 ± 4.36hi 815.16 ± 32.62efg 1.49 ± 0.20fgh

Ablagh 0.99 ± 0.08bc 0.30 ± 0.02ef 1.29 ± 0.08cd 0.27 ± 0.01bcd 48.23 ± 4.49hi 839.27 ± 23.55ef 2.33 ± 0.20cde

Kapoor 0.63 ± 0.07fghi 0.22 ± 0.02g 0.85 ± 0.09fgh 0.21 ± 0.02efgh 66.10 ± 1.90ef 965.51 ± 106.16de 1.27 ± 0.15gh

Red Rubin 0.85 ± 0.04de 0.29 ± 0.01f 1.15 ± 0.04e 0.22 ± 0.02efgh 34.54 ± 1.55k 625.04 ± 36.17gh 1.68 ± 0.13efgh

6 × 3 Violeto 0.47 ± 0.02j 0.16 ± 0.01h 0.63 ± 0.03i 0.20 ± 0.02fghi 77.67 ± 3.17bcd 608.81 ± 66.71h 1.55 ± 0.23fgh

Ablagh 0.92 ± 0.06cd 0.31 ± 0.02def 1.23 ± 0.07cde 0.22 ± 0.01efgh 60.80 ± 2.88fg 873.86 ± 42.76ef 1.63 ± 0.09efgh

Kapoor 0.60 ± 0.06ghi 0.23 ± 0.01g 0.83 ± 0.05gh 0.19 ± 0.02ghij 76.41 ± 0.64bcd 776.10 ± 47.12efgh 2.33 ± 0.33cde

Red Rubin 0.83 ± 0.04de 0.34 ± 0.02cde 1.17 ± 0.03de 0.24 ± 0.01def 43.15 ± 2.41ijk 601.28 ± 67.06h 2.13 ± 0.23cdef

Significance ** ** ** ** ** ** **

Mean ± standard error. ** Significant at 1% level. Chl a = Chlorophyll a; Chl b = Chlorophyll b; Chl a + b = Chlorophyll a + b; CARs = Carotenoids; TAC = Total Antioxidant 
Capacity (%); TPC = Total phenolic compounds; Pro: Proline



Page 6 of 13Fayezizadeh et al. BMC Plant Biology          (2024) 24:712 

photoperiod (Table 5). The greatest amount of ACNs was 
detected in the Red Rubin cultivar, which was 119.21% 
greater than that in the Kapoor cultivar (Table 6).

Antioxidant potential composite index
The simple effects of photoperiod and cultivar on the 
APCI of basil microgreens were significantly different at 
the 1% level, but their interaction did not significantly 
differ (Table  4). The highest APCI was calculated for 
the 24-hour photoperiod, which was 50% greater than 
that for the 8-hour photoperiod (Table  5). The highest 
APCI was calculated for the Ablagh genotype, which 
was 38.30% greater than that for the Red Rubin cultivar 
(Table 6).

Nitrate content
The simple effects of photoperiod and cultivar on the 
nitrate content of basil microgreens were significantly 
different at the 1% level, but their interaction did not sig-
nificantly differ (Table 4). The highest amount of nitrate 
was calculated for the 18 h photoperiod, which increased 
by 78% compared to that for the 6  h photoperiod 
(Table 5). The highest amount of nitrate was calculated in 
the Kapoor cultivar, which was 115% greater than that in 
the Violeto cultivar (Table 6).

Yield
The simple effects of photoperiod and cultivar on basil 
microgreens yield were significantly different at the 1% 
level, but their interaction did not significantly differ 
(Table  4). The highest yield was calculated for the 24-h 
photoperiod, which increased by 34% compared to that 
of the 16-hour photoperiod (Table  5). The highest yield 
was calculated for the Violeto cultivar, which was 45% 
greater than that of the Red Rubin cultivar (Table  6). 
Yield had a positive and significant correlation with anti-
oxidant capacity, TFC, Vit C, APCI, and Pro (Table 3).

Balancing between the APCI and yield of basil microgreens 
under different photoperiods
According to Fig. 1, the best balance between APCI and 
performance after 24 h of light treatment was established 
due to the greater performance and APCI of basil micro-
greens, and the worst balance between APCI and perfor-
mance was observed after 16 h of light treatment.

Net photosynthesis rate
The simple effect of photoperiod and the interaction 
effect of photoperiod and cultivar on the net photo-
synthesis rate significantly differed at the 1% level, but 
the simple effect of cultivar did not significantly differ 
(Table 4). The highest net photosynthesis rate was related 
to the Violeto cultivar under a 24-hour photoperiod, 
which was 51% greater than that of the Kapoor cultivar Ta
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Table 4  Variance analysis for biochemical compounds, yield and net photosynthesis rate as a function of photoperiod and cultivar
Source of variance DF Mean Squares

TAC TPC TFC ACNs Pro Vit C APCI Nit Y Pn
Replication 3 0.007 ns 0.026 ns 0.036 ns 0.006 ns 0.006 ns 0.032 ns 13.871ns 0.102 ns 0.463 ns 0.270ns

Photoperiod 4 0.371** 0.427** 0.590** 0.334** 1.006** 0.310** 76.371** 0.658** 2.600** 3.345**

Error 12 0.005 0.009 0.144 0.017 0.029 0.013 25.596 0.028 0.053 0.232
Cultivar 3 1.076** 0.727** 1.654** 1.981** 0.362** 1.163** 992.859** 1.724** 7.168** 0.191ns

Cultivar × Photoperiod 12 0.019** 0.021** 0.078 ns 0.023 ns 0.150** 0.017ns 14.203 ns 0.032 ns 0.139ns 0.865**

Error 35 0.009 0.016 0.084 0.020 0.013 0.039 14.541 0.040 0.172 0.144
(CV(% 7.15 4.13 20.68 12.75 14.44 19.00 19.19 6.06 19.68 11.55
Note. **, *, ns: significant effect at 1%, 5%, and no significant effect, respectively. TAC = Total Antioxidant Capacity; TFC = Total flavonoid contents; TPC = Total phenolic 
compounds; ACNs = Anthocyanins; Pro: Proline; Vit C = Vitamin C; APCI: Antioxidant Potential Composite Index; Nit: Nitrate; Y = Yield; Pn: Net photosynthesis rate

Table 5  Mean comparison of biochemical traits and yield of basil microgreens under different photoperiods
Photoperiods
(h day− 1)

TFC
(mg CAE g− 1 FW)

VIT C
(mg g− 1 FW)

ACNs
(mg 100 g− 1 FW)

APCI Nitrate
(mg g− 1 FW)

Yield
(Kg m− 2)

24 6.26 ± 0.29 a 3.69 ± 0.29 a 23.87 ± 1.90 a 75.22 ± 2.58 a 702.01 ± 52.00cd 4.12 ± 0.28 a

18 5.26 ± 0.35 ab 3.30 ± 0.25ab 21.31 ± 1.42b 65.49 ± 2.33 b 1143.54 ± 109.88a 3.32 ± 0.17 b

16 4.53 ± 0.54bc 2.80 ± 0.32bc 18.23 ± 1.73cd 59.00 ± 2.49 c 957.00 ± 90.06b 3.07 ± 0.18 b

8 × 2 4.11 ± 0.59c 2.30 ± 0.29c 15.96 ± 1.57d 50.29 ± 2.32 e 800.47 ± 84.04c 3.76 ± 0.21 a

6 × 3 4.23 ± 0.60bc 2.91 ± 0.30b 19.01 ± 1.96bc 55.59 ± 2.29 d 642.14 ± 63.80d 4.09 ± 0.20 a

Significance ** ** ** ** ** **

Mean ± standard error. ** Significant at 1% level. Different letters within each column indicate significant differences according to Duncan’s multiple range test 
(p = 0.05). TFC = Total flavonoid contents; Vit C = Vitamin C; ACNs = Anthocyanins; APCI: Antioxidant Potential Composite Index; Nit: Nitrate; Y: Yield

Table 6  Mean comparison of biochemical traits and yield of basil microgreens cultivars
Cultivars TFC

(mg CAE g− 1 FW)
VIT C
(mg g− 1 FW)

ACNs
(mg 100 g− 1 FW)

APCI Nitrate
(mg g− 1 FW)

Yield
(Kg m− 2)

Violeto 5.51 ± 0.28a 3.56 ± 0.21 a 22.83 ± 1.38 a 63.49 ± 2.59 b 492.14 ± 33.08 c 4.05 ± 0.19 a

Ablagh 5.14 ± 0.44a 4.01 ± 0.19a 20.16 ± 0.82 b 70.44 ± 2.85 a 903.54 ± 75.50 b 4.36 ± 0.16 a

Kapoor 5.88 ± 0.46a 2.41 ± 0.20b 11.19 ± 0.82c 59.61 ± 2.32 c 1057.67 ± 42.76 a 3.48 ± 0.12 b

Red Rubin 2.97 ± 0.38b 2.02 ± 0.14b 24.53 ± 0.90 a 50.93 ± 1.53d 942.78 ± 40.75 ab 2.79 ± 0.11 c

Significance ** ** ** ** ** **

Mean ± standard error. ** Significant at 1% level. Different letters within each column indicate significant differences according to Duncan’s multiple range test 
(p = 0.05). TFC = Total flavonoid contents; Vit C = Vitamin C; ACNs = Anthocyanins; APCI: Antioxidant Potential Composite Index; Nit: Nitrate; Y: Yield

Fig. 1  Changes in the yield and APCI of basil microgreens under different photoperiods. The photoperiods included 6 (6 h × 3 cycles), 8 (8 h × 2 cycles), 
16, 18, and 24 h day− 1
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under a 6  h photoperiod (Fig.  2). Photosynthesis had a 
positive and significant correlation with yield and APCI 
(Table 3).

Discussion
The photoperiod can be effective in the synthesis of pho-
tosynthetic pigments such as Chl and CARs, although 
these effects are completely dependent on light condi-
tions, plant species and growth stage [8]. According to 
Solymosi et al. [27], various aspects of the antioxidant 
capacity of Chl have been identified. The results showed 
that the amount of Chl increased linearly with increasing 
photoperiod from short to long cycles, but after expo-
sure to constant light, the content of Chl decreased. The 
increase in total Chl indicates that there is a combined 
effect between the photoperiod and the amount of Chl 
that allows plants to continue the process of photosyn-
thesis in an ascending manner to light saturation point. 
The concentration of photosynthetic pigments changed 
in different photoperiods. In the CL, the amount of Chl 
decreased and the amount of CARs increased com-
pared to the 18  h. This reaction has been due to exces-
sive absorption of light by the photosynthetic system of 
the plant in CL so that the plant can increase resistance 
in these conditions [28]. The decrease in the amount of 
Chl under CL indicates exposure to light stress and the 
destruction of Chl pigments probably by increasing the 
synthesis of the Chl degrading enzyme, which is pro-
duced in young leaves under light stress conditions [29]. 
In photosynthetic systems, CARs (with beta-carotene 
being the most prominent) act as one component of light-
harvesting complexes and protect Chl antennae against 
of photo-oxidative damage [30]. The importance of ROS 

in the oxidative damage caused by photo-oxidative stress 
is well known [31]. The photo-protection of CARs is due 
to the presence of conjugated double bonds, which can 
reduce the damaging effects of ROS and remove other 
ROS, such as hydrogen peroxide, hydroxyl radicals, and 
superoxide anions [32]. The balance and modification of 
photosynthetic pigment contents such as the ratio of Chl 
a/b and CARs/Chl are part of the photosynthesis process 
and help to achieve a proper balance between input and 
output energy [33]. Shibaeva et al. [10] stated in their 
review that the CARs/Chl ratio of Brassicaceae family 
microgreens increases in the CL. The increase in CARs 
in CL indicates an increase in the synthesis of these pig-
ments to prevent and reduce the photodamage of light-
harvesting complexes against excessive light, which 
somehow acts as a plant defense mechanism against 
light stress [34]. Research has shown that a photoperiod 
of 18  h can increase the production of Chl pigments, 
but basil microgreens produce more CARs under CL, 
and by using these pigments to address photo-oxidative 
stress, they can transform, absorb, and transfer energy. 
Increasing the ratio of CARs/Chl under CL, increases 
light absorbtion more effectively than other photoperiods 
and reduces possible membrane damage [32]. Therefore, 
CARs pigments, as part of a defense mechanism, control 
photo-oxidative stress, prevent possible damage to mem-
branes, and increase performance under constant light.

The antioxidant potential increases under biotic and 
abiotic stresses such as fluctuations in environmen-
tal conditions during the production of microgreens. 
Basil microgreens respond to the photo-oxidative stress 
caused by continuous light by producing more bioac-
tive antioxidant chemicals. In this study, the contents of 

Fig. 2  Interaction effect of photoperiod and cultivar on the net photosynthesis rate of basil microgreens. Means followed by different lowercase letters in 
a column were significantly different according to Duncan’s multiple-range test (p ≤ 0.05). The photoperiods included 6 (6 h × 3 cycles), 8 (8 h × 2 cycles), 
16, 18, and 24 h day− 1
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TPC, CARs, TFC, ACNs, and Vit C, the most important 
non-enzymatic plant biochemical with antioxidant prop-
erties under CL conditions were increased. The ability of 
plant antioxidants to scavenge free radicals shows that 
they act as essential compounds to protect plant organ-
isms against ROS [35]. Therefore, CL increases the food 
health of microgreens by increasing their antioxidant 
properties, and the synthesis of plant biochemical with 
antioxidant properties can protect this superfood from 
light damage.

TPCs are the most abundant and widespread group of 
secondary metabolites. TPC rings and hydroxyl groups 
create strong antioxidant activity and inhibit free radicals 
[36]. Different mechanisms, including the inhibition of 
ROS biosynthesis, the trapping of ROS, and the reduction 
of metal ion catalysts for ROS formation, can be used to 
explain the antioxidant activity of TPC [37]. Under the 
influence of long photoperiods, especially CL, the TPC 
of basil microgreens increased, and these changes were 
due to differences in the enzymatic activity of hydrolases 
and TPC oxidases, the synthesis of new TPCs, changes in 
polymerization and oxidation processes, and the destruc-
tion of free or bound TPCs [38]. The defensive mecha-
nisms of plants in response to light stress, which activate 
various metabolic pathways to improve antioxidant 
responses in microgreens, might also be responsible for 
the increase in TPC observed following light exposure. 
Therefore, basil microgreens under long photoperiods 
(CL) are a good source of phenolic compounds and can 
be considered a natural alternative source.

Pro is regarded as one of the most potent osmotic 
protectors of cells, signaling molecules, and antioxidant 
defense chemicals, and due to its cyclic structure and 
secondary amino group (𝛼-amino group), which is differ-
ent from proteinogenic amino acids, it is a good source of 
nitrogen for plants. The relationship between Pro synthe-
sis and increasing plant resistance under stress conditions 
has been determined [36, 37, 39, 40]. Ablaq genotype 
showed the highest amount of Pro under CL, which 
indicates that this genotype is stressed under CL condi-
tions. In addition to proline, Ablaq genotype under CL 
was able to show a high amount of TPC, TAC and CARs 
content, which by synthesizing these compounds along 
with proline was able to show resistance to light stress. 
In this experiment, Pro production in basil microgreens 
did not change much between different short and long 
photoperiods, except under constant light, during which 
the greatest amount of Pro was produced (Table 2). Basil 
is a summer plant, so it can be expected that this plant is 
not sensitive to long days (between 14 and 18 h), but basil 
microgreens are stressed under constant light conditions, 
and their Pro content is very high, which is among other 
antioxidant compounds, causing increased resistance to 
photo-oxidative conditions. Extended photoperiod itself 

is a reason of the excess of absorbed light that increases 
photooxidative pressure and makes plant to produce pho-
toprotective antioxidants. Thus, CL provided by LEDs 
may add nutritional value to microgreens by increasing 
the antioxidant properties. These results are consistent 
with several studies that have reported the benefits of 
LEDs for nutritional value of horticultural crops [10, 41].

TFC, which are phenolic compounds with various 
structural variations and are categorized as flavones, 
flavonols, flavonones, flavonols, flavanols, isoflavones, 
ACNs, and chalcones [42], is another essential compo-
nent of basil. The two benzene rings are separated by an 
oxygen-containing pyrene ring, serving as the basis of 
the flavon core structure. TFCs have pigment functions, 
signaling molecules, stress resistance, and reproductive 
regulatory roles in plants. These plants provide protec-
tion against photo-damage by exposure to harmful light 
inside the plant [43]. Several reports have shown that the 
accumulation of TFCs in plant tissues occurs in response 
to exposure to longer photoperiods [44]. The present 
study also showed that a longer photoperiod stimulates 
the biosynthesis and accumulation of TFC, which is 
probably related to the absorption of more light, which 
causes the expression of genes encoding the enzyme phe-
nylalanine ammonia lyase, which is the most important 
factor in the synthesis of TPC and TFC [45].

The Vit C has several functions in plants, including 
antioxidant capacity, photosynthesis, electron transport 
through the membrane, and growth regulation [42]. As 
in previous research [43], the duration of illumination in 
this study was related to the increase in the Vit C con-
tent of the basil microgreens. In this study, the highest 
amount of Vit C content was measured in CL, which 
shows that this light treatment increases the synthesis 
of antioxidants and vitamin C during plant stress com-
pared to other photoperiods. The enhanced expression of 
many genes involved in the Vit C biosynthesis pathway 
probably appears to be the primary cause of the light-
dependent buildup of Vit C in plants [44–46]. The Ablaq 
genotype had a high potential in Vit C synthesis com-
pared to other cultivars. This potential is probably due to 
the origin of the collection of that genotype. Consider-
ing that this genotype was collected from the temperate 
regions of Iran. The cold environment during the growth 
of basil has increased antioxidants, especially vitamin C, 
so that the plants can develop a strong defense system. 
The Vit C content had a positive and significant correla-
tion with the CARs (Table  3). The Vit C and CARs are 
important antioxidants that can reduce or eliminate ROS 
caused by photo-oxidative stress in some plant species 
[47–50]. Based on these results, increasing the photo-
period and using CL as a suitable strategy for regulating 
light-dependent pathways increases the synthesis of Vit C 
and has made basil microgreens rich in Vit C.
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The ACNs are considered defensive TFCs with the 
additional cost of cellular energy for plant growth, which 
can delay plant metabolism [51]. The presence of ACNs, 
which are identified by their red color in the leaves, can 
increase the antioxidant capacity of red basil microgreen 
cultivars and genotypes [52]. Some of the pigments ana-
lyzed, especially ACNs, whose content is high in red 
basil cultivars and genotypes, apparently contribute 
to the total TAC [52]. Past research has shown that the 
red color of leaves can indicate ACN and TPC contents 
[53]. Light is one of the most important factors involved 
in ACN biosynthesis, and light intensity, light quality, 
and photoperiod determine the concentration of ACNs. 
In addition, the activity of enzymes and genes related to 
ACN synthesis increases when crops are continuously 
exposed to radiation [54]. Therefore, the activity of the 
ACN synthetase enzyme increases under long photoperi-
ods, which increases the ACN content. The results of this 
research, similar to previous results showed that increas-
ing the photoperiod can increase the ACN content and 
be used as a factor to produce basil microgreens with 
high marketability by creating a visual effect along with 
increasing the amount of antioxidant compounds [55].

The nitrate content in leaves depends on many fac-
tors, such as plant genotype and prevailing environ-
mental conditions during plant growth [56]. Nitrate is 
mainly processed during the day and accumulates in the 
vacuole at night [57]. Several plant treatment strategies 
involving a 24-hour photoperiod at the pre-harvest stage 
have been reported to be successful in reducing nitrate 
content in leafy vegetables [33]. Greater nitrate reduc-
tase (NR) activity as a result of greater NR gene expres-
sion may be the reason for the decrease in nitrate content 
under CL [58]. NR is the key enzyme that limits the rate 
of reduction of nitrate ions to nitrite ions. Light may con-
trol NR activity in two different ways by controlling the 
transcription, translation, and post-translational activity 
of NR genes, namely, by controlling the expression of NR 
genes by photosynthetic products and by controlling the 
NR status through NADPH [59]. The nitrate content in 
plants is negatively correlated with the concentration of 
soluble and non-structural forms of carbon, such as sug-
ars and organic acids, because they complement each 
other in maintaining cell turgorescence. Therefore, a sig-
nificant reduction in nitrate content under CL may be 
associated with an increase in carbohydrate synthesis and 
an increase in ferredoxin and NADPH content, which are 
used in nitrate reduction in leaves [6]. In this experiment, 
the nitrate content was the lowest in the CL treatment, 
and the nitrate content increased with increasing photo-
period from 8 to 18 h. Compared with a normal photo-
period (16 h), long and short photoperiods decreased the 
nitrate content. This result can be attributed to the higher 
activity of NR due to more received light, which leads 

to a reduction in nitrate accumulation [60]. Since the 
amount of light received at 18 and 16 h was equal to the 
total PPFD at 6 and 8 h, respectively, the results showed 
that the light treatment of 6 h compared to 18 h and the 
light treatment of 8  h compared to 16  h, respectively, 
increased the nitrate content to 178.08 and reduced it by 
19.55%. Therefore, the use of CL along with short photo-
periods can be more effective at reducing nitrate content.

Since microgreens are sold based on fresh weight, the 
main goal of microgreens production plants is to increase 
their fresh biomass and nutritional value. A traditional 
way to increase biomass is to increase DLI by increas-
ing photoperiods [61]. In general, as the DLI increases, 
biomass can be expected to increase (up to the light 
saturation point) because a greater DLI means more 
photosynthetic assimilates [62]. The major mechanism 
by which plants build biomass is photosynthesis, and 
the total productivity of crops is closely correlated with 
whole-plant photosynthesis. Since photosynthesis and 
carbon absorption are always driven by light energy, CL 
usage has the potential to improve crop production [63]. 
Under the conditions of constant PPFD, the electron 
transfer rate and quantum efficiency of photosystem II 
(ΦPSII) are uniform and constant; therefore, maximiz-
ing ΦPSII under constant light intensity conditions is not 
feasible. However, there may be opportunities to breed 
basil microgreen cultivars with higher ΦPSII, which may 
increase growth and overall resource use efficiency in 
plant factories [64]. In this experiment, photosynthesis 
differed among photoperiods, which shows the different 
responses of basil microgreens to light conditions and 
day length. In general, the increase in the rate of photo-
synthesis of basil microgreens with constant ΦPSI, is due 
to the longer duration of photosynthesis, not the increase 
in the rate of photosynthesis, which leads to the produc-
tion of more carbohydrates and increased yield [61].

Basil microgreens under DLI and CL respond to light 
stress by increasing the production of plant phytochemi-
cals, which are compounds that promote human health, 
and under these conditions, plant performance increases. 
The results of earlier research on microgreen species 
of the Brassicaceae family are similar to the biomass 
increase shown in this study with increased DLI [10]. 
According to Pennisi et al. [65], the yield of basil did not 
increase when it was grown under a 24-hour photope-
riod. This difference in observations could be the result of 
differences in the genetics of different cultivars because, 
under abiotic stressors such as light stress, gene biosyn-
thesis is expressed differently in basil cultivars, and their 
expression patterns are different in each cultivar. In this 
study, under 24-hour CL, the plant was under CL and 
was continuously photosynthesizing and accumulating 
carbohydrates. As a result, respiration eliminates dark-
ness during the night; therefore, no carbon loss occurs 
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during the night [66]. In the tested basil microgreens, 
visible physical damage in CL due to carbohydrate accu-
mulation did not occur in any of the four studied micro-
greens. Past research on the cultivation of microgreens 
of the Brassicaceae family has shown that CL increases 
the growth rate of plants [10]. Therefore, the use of CL 
can be introduced as a suitable strategy for growing basil 
microgreens in floating systems by shortening the growth 
period and increasing yield.

In a prior study, among 21 basil microgreen cultivars, 
the Ablagh genotype had the greatest APCI [16]. In gen-
eral, due to its origin (Tabriz city), this genotype has high 
potential for the production of secondary metabolites 
and thus produces the greatest amounts of Vit C, TFC, 
and ACNs. High concentrations of TFC, Vit C, ACNs, 
CARs, antioxidant capacity, and TPC were detected in 
basil microgreens. Since a total of these compounds make 
up APCI, using CL increased their synthesis and pro-
duced biochemical compounds with greater antioxidant 
properties. The contribution of antioxidant compounds 
to photo-damage may vary significantly depending on 
environmental conditions and biological characteris-
tics (plant species, plant age, and growth stage) [67]. 
The results of this study show that the application of CL 
boosts productivity by increasing yield and triggering 
the synthesis of secondary metabolites with greater anti-
oxidant qualities, which enhances the nutritional value of 
microgreens, without causing any harm to basil micro-
greens. Therefore, the basil microgreens studied in this 
research can tolerate CL and can be added to other types 
of microgreens [10], and lettuce [9].

Conclusions
Photoperiod affected the synthesis of secondary metabo-
lites, the performance of basil microgreens and the net 
photosynthesis rate. Compared with a shorter photope-
riod, CL led to an increase in the content of phytochemi-
cals with antioxidant properties such as CARs, ACNs, 
TFC, total phenolic compounds, and Vit C. According to 
the best balance between the APCI and yield obtained in 
CL and the high net photosynthesis rate, CL can be con-
sidered a good strategy for growing basil microgreens 
by increasing yield and nutritional value and drastically 
reducing nitrate.
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