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Different LED light spectra’s 
and nano‑chelated potassium 
affect the quality traits of Dolce 
Vita cut roses in soilless culture 
condition
Zahra Heidari , Parviz Noruzi *, Javad Rezapour‑fard  & Zohreh Jabbarzadeh 

Roses are classified as neutral day plants, but high light and cool temperatures produce high quality 
flowers in roses. As light quantity, the light quality and its special spectra can affect the flower yield 
and quality. This research aimed to study of the effect of LED light (control (sunlight), blue and red 
spectra’s) and nano‑chelated potassium at three levels (0, 1.5 and 3 g/l) on some morphophysiological 
and biochemical traits of Rosa hybrida cv. Dolce Vita. Light and nano‑chelated potassium treatments 
have a significant effect on most traits measured in the present study. According to the results, the 
use of red light and nano‑chelated potassium in rose cultivation improved the quality characteristics 
and increased vase life. The highest fresh and dry weight of flowering branch and plant height was 
observed in red light treatment and the concentration of 3 g/l nano‑chelated potassium. Biochemical 
parameters such as phenolic compounds, leaf and petal flavonoids, petal anthocyanin content, 
antioxidant capacity and vase life were also significantly increased under red light and with the 
concentration of 3 g/l nano‑chelated potassium compared to the control. In general, it can be said that 
the use of red light and a concentration of 3 g/l nano‑chelated potassium, can be effective in improving 
the quality of rose flowers, especially in low light condition.

The rose (Rosa × hybrida L.) belongs to the Rosaceae family and is one of the most popular flowers in the world. 
Roses are usually grown as cut flowers. Adequate light is one of the most influential factors in the production of 
high-quality rose  flowers1. Plants use light as an energy source to carbon absorption in photosynthesis and to 
activate and regulate many physiological processes related to plant growth and  development2. Light is not only an 
energy source for photosynthesis, but also a stimulus for a number of developmental processes from seed germi-
nation to the beginning of  flowering3. Both the quality and quantity of incoming light can cause to severe effects 
on photosynthetic activity and the adaptation of the photosystem to changes in light  quality4. Of the spectral 
distribution of solar radiation, only about 50% of the radiation that reaches the earth surface is photosyntheti-
cally active radiation (PAR). In sunlight, red and blue wavelengths are more important for photosynthesis. Other 
wavelengths, such as ultraviolet and far red, which are absorbed by certain light receptors, act as signal inducers 
for different developmental pathways. The use of artificial light is a common method of replacing or compen-
sating daylight duration and intensity shortage for the growth of a variety of plant species in greenhouse crop 
 production5,6. Greenhouse lighting is the most important parameter in plant production in the dim months of 
winter. Complementary light increases the rate of leaf photosynthesis and plant growth and  quality7. Nowadays, 
modern greenhouses use supplementary light to increase the growth and production of agricultural  products8–10. 
One of the most common complementary light sources are LEDs. LED lighting technology offers advantages such 
as long life, small volume, less heat dissipation, adjustable light intensity, high efficiency and the ability to specific 
wavelengths  emitting9,11. In addition to light, plant nutrition has a key role in greenhouse crop production. Today, 
nano-fertilizers (NFs) opens a new horizon in fertilizer industry, which resulted in more nutrients efficiency 
for optimal crop  production12. Nanoparticles (NPs) are small molecules with a small size range of 1–100 nm 
with different physicochemical properties than bulk materials. Nanoparticles improve physical, chemical, and 
biological properties and functions of source materials by increasing the surface-to-volume  ratio13. The use of 
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nano-fertilizers leads to increasing the nutrient utilization efficiency, reducing soil toxicity, alleviation the nega-
tive effects of excessive fertilizer application and better nutrient management. By using nano-fertilizers, the time 
and speed of nutrient releasing is in accordance with the nutritional needs of the plant, so the absorption of the 
nutrients well done, therefore, reduced element leaching and increased product performance are  achievable14.

One of the most widely used nano-fertilizers in agriculture is potassium nano-chelates. Potassium is the 
most abundant cation in plant cells. Potassium ions  (K+) act as highly mobile osmolytes that form weak com-
plexes and remain easily interchangeable. K is mainly present in soluble form in the cellular  cytosol15, and has a 
key role in the biosynthesis of anthocyanins. Potassium increases plant productivity and quality by enhancing 
the photosynthesis and formation of starch and proteins as well as ATP production, and activating at least 60 
enzymes that are effective in growth. It also increases root growth and stress tolerance, helps better transportation 
of sugars produced in the plant, maintains cell turgidity, prevents the spread of plant diseases and nematodes, 
and regulates the stomatal opening and  closing16. Dolce Vita rose have a predominant white flower color with 
pink edges. The optimal color appearance of the petals edge is closely related to the quantity and quality of light 
and plays a determinative role in the commercial value of this cultivar. One of the problems in growing this rose 
cultivar, especially in low light seasons, is that the flowers often turn white and the pink color of the petals margin 
disappears. This complication reduces the quality and marketability of the product. To intense the flower edge 
color and improve the quality and floral display of cut Dolce Vita rose flowers, this research was done. According 
to the mentioned cases, the effect of blue and red spectra from LED lighting source as supplementary light and 
foliar application of nano-chelated potassium and their interactions on anthocyanin content and some mor-
phophysiological and biochemical properties of Dolce Vita rose cultivar was studied under soilless cultivation.

Materials and methods
Plant material and experimental design. This research was conducted in the greenhouse unit and 
research laboratories of the horticulture department of Urmia University, Urmia, Iran. Newly grafted rose seed-
lings of Dolce Vita cultivar were purchased from a local commercial nursery and each seedling was planted in a 
10 L plastic pot containing peat moss and perlite in a ratio of 75 to 25 percent. The pots were transferred under 
drip irrigation system and plants fertigated with a modified commercial rose fertilizing recipe using a pulse irri-
gation strategy five times a day. The potassium content of used recipe reduced to half strength and final nutrient 
solution contained 150 mg/l N, 45 mg/l P, 125 mg/l K, 120 mg/l Ca, 40 mg/l Mg and also trace elements. More 
details showed in Table 1.

Experimental treatments included foliar application with nano-chelated potassium 27% at three levels (0, 
1.5 and 3 g/l) and light at three levels (control (sunlight), blue and red spectra’s) as supplementary light that was 
performed as factorial in a completely randomized design with six replications. The nano-chelated potassium 
prepared by the method described by Nido et al.17. For this, a four step process ran including the preparation 
of potassium alginate solution, pre-gelation, stabilization and equilibration. For the preparation of potassium 
alginate solution (K-ALG), 117.5 ml of alginate stock solution (6 mM sodium alginate, pH 4.9) was mixed with 
KCl (as potassium source) and sonicated in Elmasonic P 120 H sonicator for 20 min. To form pre-gel, 36 mM 
calcium chloride solution (pH 7) was added drop by drop to K-ALG while sonicating at 25 °C. On stabilization 
step, 25 ml of chitosan stock solution (CHI), prepared by dissolving 0.10 mg/ml low molecular weight chitosan 
in 1% acetic acid, was added dropwise to K-ALG-CHI mixture while stirring for 30 min. For chemical reaction 
completion, the prepared mixture was kept for 24 h at room temperature and finally, the solution was oven-
dried at 75 °C for 1 h to obtain solid fertilizer. The potassium content assayed by Jenway PFP7 flame photometer. 
Chemical materials used in this method, were purchased from Sigma-Aldrich chemicals Company. The applica-
tion of nano-chelated potassium and lighting treatments started just one week after first stem bending and when 
the new shoots reached to 3–4 cm height. Nano-chelated potassium used once a week as foliar application. The 
using of red and blue light as supplementary light started simultaneously with the application of nano-chelated 
potassium. Supplementary LED lighting as red and blue light used with the intensity of 95 µmol  m−2  s−1 (Fig. 1). 
Total light intensity was about 530 µmol  m−2  s−1 at the growing point of plants. Day/night temperature was 
adjusted to 27/22 °C during growing period and the relative humidity maintained at 55%. Plant samples were 
taken to evaluate the morphophysiological and biochemical characteristics.

Table 1.  Fertilizer type and amount used to make 1000 L of nutrient solution.

Fertilizer type Amount (g/1000 l)

N (mg/l)

P (mg/l) K (mg/l) Ca (mg/l) Mg (mg/l)N-NO3 N-NH4

Monoammonium phosphate  (NH4H2PO4) 169 – 20 45 – – –

Calcium nitrate (5Ca(NO3)2-
NH4NO3.10H2O),
Agricultural grade

631 91 7 – – 120 –

Potassium nitrate  (KNO3) 246 32 – – 93.5 – –

Magnesium sulfate  (MgSO4.7H2O) 440 – – – – – 40

Potassium sulfate  (K2SO4) 73 – – – 31.5 – –

Total elemental concentration (mg/l) 150 45 125 120 40
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Morphological traits. After harvesting the flowering stem, the stem length from the cut point to the tip 
of the bud was measured and reported in centimeters. In order to determine the leaf area, three fully developed 
leaves were randomly selected from shoot middle and the leaf area was measured by a leaf area meter (AM 
200). The fresh weight of the whole flower stems was measured by a digital scale with an accuracy of 0.01 g. To 
determine the dry weight of the stem, they were placed separately in a paper bag in a 70 °C oven for 72 h and 
then measured by a digital scale with an accuracy of 0.001 g. Leaf thickness was measured by a high resolution 
micrometer (Mitutoyo Digital Micrometer, Model 293-185. Kawasaki, Japan).

Flower vase life. The well-developed flower stems were harvested in commercial stage and flower longev-
ity was assessed based on method described by Aghdam et al.18. Light intensity of storage room adjusted to 
60 µmol  m−2  s−1 that supplied by a mixture of warm and cold white inflorescent lamps. Stem recut was done 
every three days.

Petal anthocyanin. The anthocyanin content of petals in all extracts was measured by spectrophotometer 
and pH-differential  method19 using two buffer systems, potassium chloride buffer (0.025 M, pH = 1) and sodium 
acetate buffer (0.4 M, pH = 4.5). The results were expressed in milligrams per liter equivalent to cyanidin-3-gly-
coside in the extract based on the following formula:

The density of monomeric anthocyanin pigment in the extract in mg/l is equal to (Ɛ × 1) (A × MW × DF × 1000), 
in which DF, MW, Ɛ and A refer to sample dilution factor, Molecular weight of cyanidin, Molar coefficient of 
cyanidin, and the amount of adsorption, respectively. The amount of absorption is calculated as follows:

The  A510 and  A700 represent absorbance of 510 nm and 700 nm, respectively.

Chlorophyll content. Photosynthetic pigments measurement was done using  Gross20 method and the 
absorbance was read at 645 and 663 nm using a spectrophotometer (UV/Visible Lambda 25 Perkin Elmer). The 
amount of chlorophylls a, b and total were calculated from the following equations and reported in mg/g fresh 
weight.

In the above relations,  OD663 and  OD645 are the absorption rates at 663 and 645 nm, respectively.

Antioxidant capacity. DPPH method was used to measure antioxidant capacity. To measure the ability of 
extracts to inhibit free radicals (DPPH), first 100 μl of methanolic extract was mixed with 1900 μl of DPPH and 
then the samples were placed in the dark at room temperature for 30 min. Then, the absorbance of the samples 
was read by spectrophotometer at 517 nm and expressed by the percentage of  inhibition21.

Ac = control absorption.
As = sample absorption.

A = (A510 − A700) pH 1.0− (A510 − A700) pH 4.5

(1)chlorophyll a
(

g/l
)

= (0.0127×OD663)− (0.00269×OD645)

(2)chlorophyll b
(

g/l
)

= (0.0229×OD645)− (0.00468×OD663)

(3)Total chlorophyll
(

g/l
)

= (0.0202×OD645)+ (0.00802×OD663)

Inhibition percentage = (Ac− As)/Ac ∗ 100%

Figure 1.  Treatment of Dolce Vita roses with blue and red light.
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Stomata conductance and Photosynthesis rate. Leaf porometer (SC-1, Meter group, Inc. USA) was 
used to determine the stomatal conductance. The rate of photosynthesis measured by a portable photosynthesis 
system (HCM-1000, Heinz Walz GmbH. Germany. Probe model: 1050-H).

Petal phenolics. Total phenolic content was measured using Folin-Ciocalteu reagent method described by 
Marinova et al.22 with some minor modifications in weight of plant sample and dilution factor. The absorbance 
of the samples was read at 750 nm. The standard curve of Gallic acid was used to calculate the amount of total 
phenol content and the amount of phenol was calculated based on the standard curve of Gallic acid using the 
following equation in milligrams of Gallic acid per gram of fresh weight.

Y = a number read on a spectrophotometer.
X = amount of phenol in mg/g fresh weight.

Flavonoids content of leaves and petals. Aluminum chloride colorimetric  method23 was used to 
measure flavonoids content in leaves and petals. The absorbance of the samples was read at 415 nm. The total 
flavonoids content of the samples was expressed in mg equivalent to quercetin per gram of plant dry weight.

Petal  H2O2 content. The amount of  H2O2 measured using a method described by Velikova et al.24. The 
sample absorbance was read at 390 nm and a standard curve was used to calculate the hydrogen peroxide con-
centration and the results were presented in micromoles per gram of fresh weight.

Leaf protein content. Bradford  method25 was used to determine the amount of soluble proteins. The read-
ing was performed with a spectrophotometer at 585 nm. The amount of protein was calculated after drawing the 
protein standard curve and was expressed in milligrams per gram of fresh weight using the following equation.

y is the value read in the spectrophotometer and x is the value to be calculated.

Carbohydrate content. 0.5 g of leaf tissue was used to measure dissolved sugars according to Irigoyen 
et al.26 method. To drawing the glucose standard curve, solutions of glucose with concentrations of 0 to 120 mg/l 
were prepared and all experimental steps were performed on them, and finally the absorbance was read at 
625 nm.

Ethical approval. Authors confirm that all methods used in this study were performed in accordance with 
the relevant international and/or institutional guidelines and regulations.

Results
Flower stem height. Based on ANOVA the interaction effect of light and nano-chelated potassium was 
significant on flower stem height (Table 2). As shown in Fig. 2a, the highest flower stem height (100 cm) was 
observed in the red light treatment and a concentration of 3 g/l nano-chelated potassium.

Flower stem FW and DW. The interaction of light and nano-chelated potassium treatments caused an 
increase in the fresh weight of the flower stem. The highest fresh weight of flower stem (120.31 g) was observed 
in red light treatment and concentration of 3 g/l nano-chelated potassium, which significantly increased in com-
pared to the control (80.48 g) (Fig. 2b). Light treatment increased the dry weight of flower stem that red light 
treatment had a greater effect (32.32 g) on increasing dry weight of flower stem. The lowest dry weight of flower 

Y = 0.0669x+ 0.0116

y = 2.036x + 0.016

Table 2.  Results of ANOVA table for measured traits due to light and nano-chelated potassium treatments. ns, 
*, **: Non-significant and significant at the probability level of 5% and 1%, respectively.

S.O.V df

Critical

F value

F values

Flowering 

shoot 

height

Flowering 

shoot FW

Flowering 

shoot 

DW

Stomata 

width Leaf area

Leaf 

thickness

Stomatal 

conductance

Total 

chlorophyll Photosynthesis Carbohydrate

Total 

protein

Petal 

anthocyanin

Total 

phenol

Leaf 

flavonoids

Petal 

flavonoid

Antioxidant 

capacity

Hydrogen 

peroxide Vase life

Light 2

6.01 

(α = 0.01)

3.55 

(α = 0.05)

367.39** 442.31** 168.35** 231.20** 267.10** 131.23** 5840.73** 54.69** 176.22** 1158.60** 542.24** 366.14** 4770.91** 537.08** 56.14** 749.60** 22.49** 298.09**

Nano-K 2

6.01 

(α = 0.01)

3.55 

(α = 0.05)

45.24** 57.12** 74.21** 52.47** 32.32** 17.63** 391.03** 19.19** 38.73** 71.10** 66.61** 39.20** 276.99** 52.66** 17.46** 104.46** 0.37ns 103.91**

Light × Nano-K 4

4.57 

(α = 0.01)

2.92 

(α = 0.05)

3.19* 3.31* 0.04ns 0.67ns 3.22* 3.28* 11.81** 11.78** 3.62* 0.89ns 16.49** 3.24* 49.96** 6.29** 5.36** 6.13** 0.73ns 3.55*
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stem (23.01 g) was observed in the control (Fig. 2c). According to Fig. 2d, it was found that nano-chelated potas-
sium treatment increased the dry weight of flower stems. The concentration of 3 g/l nano-chelated potassium 
had the greatest effect on increasing the dry weight of flower stems.

Stomata width. Based on our findings, light treatment increased the stomata width and as shown in Fig. 2e, 
the treatment of red and blue light on the stomata width was not statistically significant, but they had a signifi-

Figure 2.  The biomass and some morphological traits of Dolce Vita rose in response to the different light and 
nano-chelated potassium levels: (a) flowering stem height, (b) flowering stem FW, (c,d) Flowering stem DW, 
(e,f) stomata width, (g) leaf area and (h) leaf thickness. FW fresh weight, DW dry weight.
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cant difference with the control (29.44 µm). Increasing the concentration of nano-chelated potassium increased 
the stomata width so that the concentration of 3 g/l caused the highest stomata width (40 µm) which increased 
in compared to the control (Fig. 2f).

Leaf area. According to the results from the ANOVA, it was found that the interaction of light treatment 
and nano-chelated potassium caused an increasing trend in leaf area. According to Fig. 2g, the highest leaf area 
(13,240.5  mm2) was observed in red light in combination with the concentration of 3 g/l nano-chelated potas-
sium that resulted in a 1.68 times increase in leaf area compared to the control.

Leaf thickness. The results showed that the combination of light and nano-chelated potassium treatments 
reduced leaf thickness in treated plants. As shown in Fig. 2h, the highest leaf thickness (0.440 mm) was observed 
in the control treatment and the lowest leaf thickness (0.196 mm) was observed in red light treatment with 3 g/l 
nano-chelated potassium.

Stomatal conductance. The interactions of light and nano-chelated potassium has a significant effect 
on stomatal conductance at 1% probability level (Table 2). Results showed that light and nano-chelated potas-
sium treatment increased the stomatal conductance so that the highest stomatal conductance (316.53 mmol 
 CO2  m−2  s−1) was observed in red light treatment and concentration of 3 g/l nano-chelated potassium, Although 
there was no statistically significant difference between red light treatments with concentration of 1.5 g/l and 
blue light treatments with concentration of 3 g/l thousand nano-chelated potassium. The lowest stomatal con-
ductance was observed in the control treatment. As Fig. 3a shows, the treatment of red light and nano-chelated 
potassium resulted in an increase in stomatal conductance compared to the control.

Total chlorophyll content. Total chlorophyll content significantly was affected by the interaction of light 
and nano-chelated potassium treatments. Light and nano-chelated potassium treatment increased the total 
chlorophyll content. According to Fig. 3b, it was found that the application of 3 g/l nano-chelated potassium 
in presence of blue light resulted in highest total chlorophyll content (3.95 mg/g FW). Although there was no 
statistically significant difference between recent treatment and concentration of 1.5 g/l nano-chelated potas-
sium combined with red light. The lowest amount of total chlorophyll content (1 mg/g FW) was observed in the 
control.

Photosynthesis rate. The findings of this research showed that both red and blue light combined with 
nano-chelated potassium leads to an increase in photosynthesis rate. Blue and red light treatments and con-
centrations of 1.5 and 3 g/l nano-chelated potassium caused an increase in photosynthesis rate up to 8.44 µmol 
 CO2  m−2  s−1, which shows a notable increase in compared to the control (2.05 µmol  CO2  m−2  s−1) (Fig. 3c).

Leaf protein content. It was found that the combined treatment of light and nano-chelated potassium led 
to an increase in total protein content. As shown in Fig. 3d, increasing the concentration of nano-chelated potas-
sium and light treatment caused an increasing trend in total protein content. Red light treatment and concen-
tration of 3 g/l nano-chelated potassium gave the highest amount of total protein content (9.72 mg/g FW). The 
lowest amount of protein (3.4 mg/g FW) was observed in the control. According to Fig. 3d, it was found that the 
red light treatment and a concentration of 3 g/l nano-chelated potassium resulted in an almost threefold increase 
in total protein compared to the control.

Carbohydrate content. Comparison of data means showed that red light treatment increased the amount 
of soluble carbohydrates and the plants exposed to red light treatment had the highest amount of soluble car-
bohydrates (686.22 mg/g FW). The lowest amount of soluble carbohydrates (485.77 mg/g FW) was observed 
in blue light treatment (Fig.  3e). According to Fig.  3f, it was found that nano-chelated potassium treatment 
increased the amount of soluble carbohydrates. Concentration of 3 g/l nano-chelated potassium had the greatest 
effect on increasing the amount of soluble carbohydrates, compared to the control.

Petal anthocyanin content. The results of ANOVA showed that petal anthocyanin content was affected 
significantly by the interaction of light and nano-chelated potassium treatments (Table 2). Combined applica-
tion of light and nano-chelated potassium led to an increase in petal anthocyanin content. The highest amount 
of petal anthocyanin content (18.60 mg/g FW) was earned with application of 3 g/l nano-chelated potassium in 
the presence of red light. The lowest amount of petal anthocyanin (9.93 mg/g FW) was observed in the control 
treatment (Fig. 3g).

Petal phenolic content. Based on our findings, red light in combination with 3 g/l nano-chelated potas-
sium had the greatest effect on the petal phenolic content increasing that was 140.92 mg gallic acid/g FW, which 
shows an increase in petal total phenolics compared to the control (Table 3).

Flavonoids of leaves and petals. Results showed that the interaction of light and nano-chelated potas-
sium treatments led to an increase in leaf and petals flavonoids. As shown in Table 3, the highest amount of leaf 
and petals flavonoids was gained in presence of red light and the concentration of 3 g/l nano-chelated potassium 
and the lowest amount was observed in the control treatment.
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Antioxidant capacity. Light in combination with nano-chelated potassium treatments affect antioxidant 
capacity. Red light treatment combined with the concentrations of 1.5 and 3 g/l nano-chelated potassium had the 
greatest effect on increasing the antioxidant capacity (Table 3).

Petal  H2O2 content. According to the results of ANOVA, the effect of light treatment on hydrogen perox-
ide content of petals was significant at the probability level of 1% (Table 2). Comparison of the means showed 

Figure 3.  The physiological traits of Dolce Vita rose in response to the different light and nano-chelated 
potassium levels: (a) stomatal condactivity, (b) total chlorophyll, (c) photosynthesis rate, (d) protein content, 
(e,f) soluble carbohydrates, (g) petal anthocyanin and (h)  H2O2 content. FW fresh weight, DW dry weight.
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that both red and blue light treatment reduced the amount of  H2O2 and the lowest amount of hydrogen peroxide 
(0.141 μmol/g FW) was observed in plants treated with red light (Fig. 3h).

Flower vase life. Our findings showed that the combined use of light treatment and nano-chelated potas-
sium led to an increase in flower vase life. As Table 3 shows, the highest vase life (26 days) was observed in the 
treatment of red light in combination with the concentration of 3 g/l nano-chelated potassium. The lowest vase 
life (13.66 days) was observed in the control treatment.

Discussion
Biomass & morphophysiological traits. Based on our findings, as seen in Fig. 2a–d, the use of nano-
chelated potassium and red light led to an increase in the height of the flower stem, as well as an increase in its 
fresh and dry weight and the leaf area. In confirmation of the present research, in the study conducted by Poudel 
et al.27, the length of stem and internode and the number of leaves of grape seedlings grown in red LED light were 
higher compared to those grown at blue  LED28.

In the present study, as seen in Fig. 3a, red light treatment led to an increase in stomatal conductance. Zeax-
anthin is one of the components of the xanthophyll cycle in chloroplast, increases in the light, and decreases 
in the dark. On the other hand, red and blue light reduces the acidity of the lumen and therefore increases the 
content of  zeaxanthin29; that is, it stimulates stomatal opening, resulting in more stomatal conductance, while 
darkness and green light prevents stomatal  opening29,30. Potassium plays a crucial role in turgor regulation within 
the guard cells during stomatal  movement31. As a rapid transport of  K+ from the guard cells into the leaf apoplast 
resulted in stomatal closure, it is reasonable to think that K-deficient condition may disturb stomata opening. 
The inductive effect of  K+ deficiency on stomatal closure and inhibited photosynthesis has been reported in 
several crop  plants32,33.

Height increase due to the presence of blue light in some plants such as chrysanthemum (Chrysanthemum 
morifolium)34, parsley (Petroselinum crispum)35, petunia (Petunia × hybrida)36, and height reduction in plants 
such as  Arabidopsis37, and poinsettia (Euphorbia pulcherrima)38 has been reported which shows different plants 
react differently to the blue light spectra. Blue light affects the expression and function of some genes responsible 
for gibberellin metabolism (such as GA20ox), and in some plant species, it leads to the creation of a signal by 
cryptochrome pigments and the reduction of gibberellin production, resulting in the reduction of stem height. 
While in some other species, the increase in the production of gibberellin and the increase in height occur in this 
 process39,40. It has been reported that there is a close relationship between potassium and the growth of meristem 
tissues, and the strengthening effect of this element on plant growth regulators biosynthesis such as gibberel-
lin and auxin which leads to the increased cell length and therefore, longitudinal growth of plant  organs41. In a 
similar study, AM El-Naggar and B El-Nasharty42 reported that the use of foliar spraying of 2% potassium along 
with the soil application of 100% potassium had the most significant effects in plant height, number of leaves 
per plant, fresh and dry weight of leaves, number of flowers per spike, floret diameter, spike length, fresh and dry 
weight of florets, new corm diameter, fresh weight, and number of corms per plant in gladiolus.

During various studies, it has been reported that the wavelength range of 640–670 nm (red light) was effec-
tive in promoting photosynthetic activity, plant biomass and leaf growth. It also plays a substantial role in the 
development of the photosynthetic apparatus, the net rate of photosynthesis and primary  metabolism43,44.

Opening of stomata occurs in response to low concentrations of internal carbon dioxide, high light intensity 
and high  humidity45. In low availability of potassium, plants are more susceptible to wilting, and mild potas-
sium deficiency affects photosynthesis rate by reducing stomatal conductance and photosynthetic biochemical 
 reactions46. The application of 2.5 g/l nanopotassium fertilizer led to an increase in the stomatal conductance 
and stem diameter in pumpkin plants (Cucurbita pepo)47. In another study, using of potassium sulfate led to 
an increase in the fresh and dry weight, plant height, root length and leaf area of the Indian mustard (Brassica 
juncea L.)48.

Table 3.  The biochemical traits and vase life of cut Dolce Vita rose in response to light and nano-chelated 
potassium treatments.

Treatments Biochemical traits

Light
Nano chelated potassium 
(g/L)

Phenolic content (mg 
gallic acid/g FW)

Flavonoids of leaves 
(mg/g FW)

Flavonoids of petals 
(mg/g FW) Antioxidant capacity (%) Flower vase life (days)

Control

0 57.063 ± 0.99h 13.280 ± 0.29h 6.306 ± 0.22d 51.699 ± 1.34g 13.66 ± 0.33f

1.5 65.007 ± 1.33g 14.217 ± 0.15gh 6.983 ± 0.30cd 60.637 ± 1.09f 16.33 ± 0.33e

3 69.263 ± 0.49f 15.310 ± 0.27fg 7.580 ± 0.10cd 66.413 ± 0.76e 17.33 ± 0.66de

Blue

0 89.453 ± 0.64e 16.533 ± 0.12ef 7.976 ± 0.22bc 70.633 ± 1.02d 18.66 ± 0.33d

1.5 105.467 ± 1.17d 17.016 ± 0.16de 8.080 ± 0.12bc 76.590 ± 0.76c 20.66 ± 0.33c

3 122.040 ± 0.93c 18.230 ± 0.38d 8.206 ± 0.56bc 80.080 ± 0.94bc 22.33 ± 0.33b

Red

0 132.507 ± 0.94b 20.543 ± 0.46c 8.373 ± 0.19bc 83.441 ± 0.39b 20.33 ± 0.33c

1.5 138.620 ± 0.51a 23.2667 ± 0.53b 9.236 ± 0.49b 87.423 ± 0.50a 22.66 ± 0.33b

3 140.920 ± 0.92a 25.153 ± 0.32a 11.346 ± 0.24a 89.697 ± 0.46a 26.66 ± 0.33a



9

Vol.:(0123456789)

Scientific Reports |         (2023) 13:6769  | https://doi.org/10.1038/s41598-023-34056-4

www.nature.com/scientificreports/

Potassium is a macro-nutrient, which plays a crucial role in many plant physiological processes such as in 
cell turgidity and expansion, osmoregulation, stomatal opening and closure, and also works as an activator for 
several  enzymes49. It seems that in this way, it has led to an increase in stomatal conductance in the present study. 
Similar to the present study, in a research, red LED light increased fresh and dry weight of aerial parts, number 
of stems, leaves and stem height in lemon balm (Melissa officinalis) seedlings compared to blue  LED50.

Our findings are in confirmation with the results of Ouzounis et al.51 reported that the total biomass and 
height of roses was increased with a higher ratio of red to blue light. Findings show that the reaction of plants 
to specific light spectra’s or their different ratios is dependent on species or cultivars. The improving effects of 
blue and red lights in increasing the growth of plants such as lettuce (Lactuca sativa), radish (Raphanus sativus) 
and spinach (Spinacia oleracea)52,53,  petunia54 and Norway spruce (Picea abies)55 has been reported. A group of 
researchers believe that the presence of low intensities of blue light can enhance the activity of pigments such as 
phototropins and as a result increasing the growrth of plants, but on the other hand, due to the different effects 
of blue light on other photoreceptors such as cryptochrome and phytochromes, it is possible that the response 
and reaction of different plant species to growth may different from each  other56,57. Red light is received by 
phytochrome and affects the productive biomass and elongation of  plants58. Blue light also affects photomor-
phological responses (such as adjusting leaf area and appearance) through phototropins and cryptochromes that 
act independently or synergistically with  phytochrome59,60.

Biochemical & photosynthetic traits. The presence of carbohydrates is necessary for flowers develop-
ment and opening. Carbohydrates causes more water absorption, which increases the cell turgor and the fresh-
ness of petals, and therefore, the increase in flowers diameter is  expectable61. In the present study, the interac-
tion of light and nano-chelated potassium treatment led to an increase in content of photosynthetic pigments 
(Fig. 3c), and carbohydrates accumulation. Considering the role of carbohydrates in increasing water absorp-
tion, it can be expected that the fresh weight of the flower stems will increase.

Chlorophyll and carotenoids, by participation in the light trapping complex, plays a very important role in 
the efficiency of photosynthesis, light absorption and electron  transfer62. According to the research conducted 
by Massa et al.63 and Niakan et al.64, the improving effect of light on growth and chlorophyll content has been 
emphasized. Red and white lights affects the production of chlorophyll precursors, and increased chlorophyll 
biosynthesis. Red light irradiation alone was unsuccessful for chlorophyll biosynthesis, while the combination 
of blue and red light irradiation was necessary for this process and improved chlorophyll biosynthesis and thus 
photosynthesis  rate65. The red light of the visible spectrum is needed for the growth of the photosynthetic appa-
ratus and photosynthesis, while the blue light is needed for the synthesis of chlorophyll, chloroplast, stomata 
opening, and  photomorphogenesis66. Increasing the amount of photosynthesis in the present study due to red 
light treatment is likely related to the development of the photosynthetic apparatus. Red light in combination 
with blue light are best for  photosynthesis10. Blue light affects stomata width and stomatal conductivity, plant 
height, and chlorophyll  biosynthesis67. In confirmation of the results of the present study, Chung et al.68 reported 
an increase in the content of chlorophyll in the orchid (Oncidium ‘Gower Ramsey) plants exposed to combined 
red and blue light.

In this study, the use of nano-chelated potassium led to an increase in photosynthetic pigments. Potassium 
does not have a direct effect on the activity of rubisco carboxylase enzyme, but by increasing the synthesis of 
carboxylation enzymes such as phosphoenolpyruvate carboxylase (PEP Case), it stimulates the stabilization of 
carbon dioxide and increases photosynthesis  rate69. It has been reported that the use of different concentrations 
of nano-chelated potassium can lead to a significant increase in the amount of chlorophyll a and b, the amount 
of soluble sugars and protein content in the leaves of  plants70. In confirmation of the results of the present study, 
AM El-Naggar and B El-Nasharty42 reported an increase in the content of chlorophyll a and b in the leaves of 
the gladiolus plant in response to potassium application.

Anthocyanin, protein, phenolics & flavonoids. According to Fig. 3e–f, red light and nano-chelated 
potassium treatment increased the amount of soluble carbohydrates. Also the amount of total protein and 
anthocyanin of flowers were affected by the interaction of light and nano-chelated potassium (Fig. 3d,g). Light 
through the activation of some genes (CHS, CHI & F3H) involved in anthocyanin biosynthesis, causes the accu-
mulation of anthocyanin in green tissues and cultured  cells71. Researches shows that along with monospectral 
red light, the combination of blue and red LED spectrum also causes the accumulation of primary metabolites 
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as well as the increase of anthocyanins, polyphenols and  flavonoids72,73. However, red LEDs have a greater effect 
on anthocyanin accumulation than blue LEDs. This issue may was attributed to the increased expression of 
anthocyanin biosynthesis genes (for example, MdMYB10 and MdUFGT) due to red light  treatment74. It has 
been demonstrated that potassium increases the production of starch and  carbohydrates75.Chalcone isomerase, 
one of the key enzymes of anthocyanin biosynthesis can activated by a signal from soluble carbohydrates, so 
the accumulation of carbohydrates can enhance the production of  anthocyanins76. Results from a research on 
Prunus × yedoensis ’Somei-yoshino’ petals coloring, showed that a combination of blue and red light causes more 
anthocyanin production than monochromatic blue light, which indicates the correlation between blue and red 
light  receptors77.

Findings shown that potassium plays an essential role in the construction of polymer compounds in plants. 
In plants that suffer from potassium deficiency, simple sugars, soluble nitrogen compounds and amino acids are 
accumulated and the amount of starch and leaf protein is  reduced78. Potassium participates in the last stage of 
the protein production process.  K+ is an activator of dozens of important enzymes, and contributes in protein 
synthesis, sugar transport, N and C metabolism, and photosynthesis. It plays an important role in crop yield 
and quality  improvement31,79–83. Therefore, it can be assumed that the using of nano-chelated potassium may be 
a reason for the increase in the protein content.

In the present study, the application of red light and nano-chelated potassium led to an increase in the anti-
oxidant capacity and the amount of phenolic compounds and flavonoids of petals. A direct relationship has been 
reported between the antioxidant properties and the amount of phenolic compounds and anthocyanin content 
in bayberry (Myrica pensylvanica)84 and blueberries (Vaccinium corymbosum)85. Light quality has a significant 
effect on the accumulation of different metabolites in  plants86. Flavonoids are involved in many aspects of plant 
growth and development, including resistance to pathogens, pigment production, protection against UV rays, 
pollen development, and seed coat  development87. The increase in the amount of total phenolic compounds due 
to potassium treatment can be attributed to the increase in the expression of genes involved in the biosynthesis 
of phenylpropanoids, and especially the increase in the expression of the gene responsible for the biosynthesis 
of the enzyme phenyl-alanine-ammonialyase (PAL), which is the first enzyme in the phenolic compound’s 
synthesis  pathway88.

H2O2 and vase life. As seen in Fig. 3h, the interaction of light and nano-chelated potassium led to a two-
time increase in the vase life of cut roses. Aging in plants is an oxidative process and includes biochemical, 
physiological, hormonal and structural changes, which causes the destruction of large molecules such as protein, 
nucleic acids and  lipids89. One of the reasons for senescence in plant tissues is the involvement of reactive oxygen 
species (ROS) including hydrogen peroxide and hydroxyl, which cause the production of free radicals and the 
destruction of proteins, lipids and nucleic acid, and finally flower  senescence90,91. Red light increases the total 
phenol content as well as radical scavenging  capacity92 that slows down the flower aging. Potassium is an essen-
tial macronutrient that contributes in many physiological aspects related to osmotic adjustment, maintaining 
turgor pressure, cell expansion, plasma membrane electric potential balancing, and homeostatic regulation of 
 pH49. In the present study, the application of red light and nano-chelated potassium led to the improving of some 
indices related to flower quality and vase life such as photosynthetic pigments content, antioxidant capacity and 
phenolic compounds, so it can be expected that the vase life of rose flowers will increase due to the treatment of 
red light and nano-chelated potassium.

Conclusion
Using of LED lighting and nano-chelated potassium improved morphological and biochemical traits of ‘Dolce 
Vita’ rose flower. Red light in combination with nano-chelated potassium increased the photosynthesis rate and 
biomass of rose plants (Fig. 4). The biochemical traits such as protein content, antioxidant content, total phenolics 
and flavonoids, also was affected by red light and nano-chelated potassium that led to color enhancement in petals 
edge and higher marketability values. In addition, the flower vase life was increased notably. In general, it can 
be concluded that the use of red light and nano-chelated potassium, can be effective in improving the quality of 
the produced flowers, especially in seasons that plants is experiencing a decrease in light intensity and duration.



11

Vol.:(0123456789)

Scientific Reports |         (2023) 13:6769  | https://doi.org/10.1038/s41598-023-34056-4

www.nature.com/scientificreports/

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.

Received: 25 October 2022; Accepted: 24 April 2023

References
 1. Dole, J. M. & Wilkins, H. F. Floriculture: Principles and Species 1023 (Pearson, 2005).
 2. Paradiso, R. & Proietti, S. Light-quality manipulation to control plant growth and photomorphogenesis in greenhouse horticulture: 

The state of the art and the opportunities of modern LED systems. J. Plant Growth Regul. 41, 742–780 (2022).
 3. Kilic, S. et al. Effects of different light treatments on the stomata movements of tomato (Lycopersicon esculentum Mill. Cv. Joker) 

seedlings. J. Anim. Vet. Adv. 9(1), 131–135 (2010).
 4. Belkov, V., Garnik, E. Y. & Konstantinov, Y. M. Mechanism of plant adaptation to changing illumination by rearrangements of 

photosynthetic apparatus. Curr. Chall. Plant Genet. Genom. Bioinform. Biotechnol. 24, 101–103 (2019).
 5. Dorais, M. & Gosselin, A. Physiological response of greenhouse vegetable crops to supplemental lighting. Acta Hortic. 580, 59–67 

(2002).
 6. Heuvelink, E. et al. Horticultural lighting in the Netherlands: New developments. Acta Hortic. 711, 25–33 (2006).
 7. Dyśko, J. & Kaniszewski, S. Effects of LED and HPS lighting on the growth, seedling morphology and yield of greenhouse tomatoes 

and cucumbers. Hortic. Sci. 48, 22–29 (2021).
 8. Hogewoning, S. W., Douwstra, P., Trouwborst, G., van Ieperen, W. & Harbinson, J. An artificial solar spectrum substantially alters 

plant development compared with usual climate room irradiance spectra. J. Exp. Bot. 61(5), 1267–1276 (2010).
 9. Massa, G. D., Kim, H. H., Wheeler, R. M. & Mitchell, C. A. Plant productivity in response to LED lighting. HortScience 43(7), 

1953–1958 (2008).

Figure 4.  A schematic work model of experimental design and findings.



12

Vol:.(1234567890)

Scientific Reports |         (2023) 13:6769  | https://doi.org/10.1038/s41598-023-34056-4

www.nature.com/scientificreports/

 10. Paradiso, R. et al. Spectral dependence of photosynthesis and light absorptance in single leaves and canopy in rose. Sci. Hortic. 
127(4), 548–554 (2011).

 11. Morrow, R. C. LED lighting in horticulture. HortScience 43(7), 1947–1950 (2008).
 12. Madzokere, T. C., Murombo, L. T. & Chiririwa, H. Nano-based slow releasing fertilizers for enhanced agricultural productivity. 

Mater. Today Proc. 45(3), 3709–3715 (2021).
 13. Reda, F. M. et al. Use of biological nano zinc as a feed additive in quail nutrition: Biosynthesis, antimicrobial activity and its effect 

on growth, feed utilisation, blood metabolites and intestinal microbiota. Ital. J. Anim. Sci. 20(1), 324–335 (2021).
 14. Derosa, M. C., Monreal, C., Schnitzer, M., Walsh, R. & Sultan, Y. Nanotechnology in fertilizers. Nat. Nanotechnol. 5, 91 (2010).
 15. Andrews, E. M., Kassama, S., Smith, E. E., Brown, P. H. & Khalsa, S. D. S. A review of potassium-rich crop residues used as organic 

matter amendments in tree crop agroecosystems. Agriculture 11(7), 580 (2021).
 16. Wall, D. & Plunkett, M. Major and Micro Nutrient Advice for Productive Agricultural Crops 180 (Teagasc, 2020).
 17. Nido, P. J., Migo, V., Maguyon-Detras, M. C. & Alfafara, C. Process optimizing potassium nanofertilizer production via ionotropic 

pre-gelation using alginate-chitosan carrier. MATEC Web Conf. 268, 05001 (2019).
 18. Aghdam, M. S., Ebrahimi, A., Sheykh-Assadi, M. & Naderi, R. Endogenous phytosulfokine α (PSKα) signaling delays petals 

senescence and prolongs vase life of cut rose flowers (Rosa hybrid cv. Angelina). Sci. Hortic. 289, 110444. https:// doi. org/ 10. 1016/j. 
scien ta. 2021. 110444 (2021).

 19. Dicko, A., Muanda, F., Koné, D., Soulimani, R. & Younos, C. Phytochemical composition and antioxidant capacity of three malian 
medicinal plant parts. Evid. Based Complement. Altern. Med. https:// doi. org/ 10. 1093/ ecam/ nep109 (2011).

 20. Gross, J. Pigments in Vegetables 351 (Springer, 1991).
 21. Nakajima, J. I., Tanaka, I., Seo, S., Yamazaki, M. & Saito, K. LC/PDA/ESI-MS profiling and radical scavenging activity of antho-

cyanins in various berries. J. Biomed. Biotechnol. 2004(5), 241–247 (2004).
 22. Marinova, D., Ribarrova, F. & Maria, A. Total phenolics and flavonoid in Bulgarian fruits. J. Chem. Technol. Metall. 40(3), 255–260 

(2005).
 23. Chang, C. C., Yang, M. H., Wen, H. M. & Chern, J. C. Estimation of total flavonoid content in propolis by two complementary 

colorimetric methods. J. Food Drug Anal. 10(3), 178–182 (2002).
 24. Velikova, V., Yordanov, I. & Edreva, A. Oxidative stress and some antioxidant systems in acid rain-treated bean plants protective 

role of exogenous polyamines. Plant Sci. 151(1), 59–66 (2000).
 25. Bradford, M. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of 

protein-dye binding. Anal. Biochem. 72(1–2), 248–254 (1976).
 26. Irigoyen, J. J., Emerich, D. W. & Sanchez-Diaz, M. Water stress induced changes in concentrations of proline and total soluble 

sugars in nodulated alfalfa (Medicago sativa) plants. Physiol. Plant. 84, 55–60 (1992).
 27. Poudel, P. R., Kataoka, I. & Mochioka, R. Effect of red- and blue-light-emitting diodes on growth and morphogenesis of grapes. 

Plant Cell Tissue Organ Cult. 92, 147–153 (2008).
 28. Kim, S. J., Hahn, E. J., Heo, J. W. & Paek, K. Y. Effects of LEDs on net photosynthetic rate, growth and leaf stomata of chrysanthe-

mum plantlets in vitro. Sci. Hortic. 101(1–2), 143–151 (2003).
 29. Talbott, L. D., Zhu, J., Seung, W. H. & Zeiger, E. Phytochrome and blue light-mediated stomatal opening in the orchid, Paphiope-

dilum. Plant Cell Physiol. 43(6), 639–646 (2002).
 30. Raschke, K. & Dittrich, P. [14C] Carbon-dioxide fixation by isolated leaf epidermes with stomata closed or open. Planta 134, 69–75 

(1977).
 31. Marschner, H. Marschner’s Mineral Nutrition of Higher Plants 3rd edn, 672 (Academic press, 2011).
 32. Jin, S. H. et al. Effects of potassium supply on limitations of photosynthesis by mesophyll diffusion conductance in Carya cathay-

ensis. Tree Physiol. 31(10), 1142–1151 (2011).
 33. Tomemori, H., Hamamura, K. & Tanabe, K. Interactive effects of sodium and potassium on the growth and photosynthesis of 

spinach and komatsuna. Plant Prod. Sci. 5(4), 281–285 (2002).
 34. Jeong, S. W., Hogewoning, S. W. & van Ieperen, W. Responses of supplemental blue light on flowering and stem extension growth 

of cut chrysanthemum. Sci. Hortic. 165, 69–74 (2014).
 35. Heo, J., Lee, C., Chakrabarty, D. & Paek, K. Growth responses of marigold and salvia bedding plants as affected by monochromic 

or mixture radiation provided by a light-emitting diode (LED). Plant Growth Regul. 38, 225–230 (2002).
 36. Fukuda, N., Ishii, Y., Ezura, H. & Olsen, J. E. Effects of light quality under red and blue light emitting diodes on growth and expres-

sion of FBP28 in petunia. Acta Hortic. 907, 361–366 (2011).
 37. Folta, K. M. & Spalding, E. P. Unexpected roles for cryptochrome 2 and phototropin revealed by high-resolution analysis of blue 

light-mediated hypocotyl growth inhibition. Plant J. 26(5), 471–478 (2001).
 38. Islam, M. A. et al. Artificial light from light emitting diodes (LEDs) with a high portion of blue light results in shorter poinsettias 

compared to high pressure sodium (HPS) lamps. Sci. Hortic. 147, 136–143 (2012).
 39. Chen, C. C. et al. Effects of light quality on the growth, development and metabolism of rice seedlings (Oryza sativa L.). Res. J. 

Biotechnol. 9(4), 15–24 (2014).
 40. Fukuda, N., Ajima, C., Yukawa, T. & Olsen, J. E. Antagonistic action of blue and red light on shoot elongation in petunia depends 

on gibberellin, but the effects on flowering are not generally linked to gibberellin. Environ. Exp. Bot. 121, 102–111 (2016).
 41. Shabala, S. Regulation of potassium transport in leaves: From molecular to tissue level. Ann. Bot. 92(5), 627–634 (2003).
 42. El-Naggar, A. A. M. & El-Nasharty, A. B. Effect of potassium fertilization on growth, flowering, corms production and chemical 

contents of Gladiolus hybrida L. cv. Rose supreme. Alex. Sci. Exch. J. 37(4), 714–728 (2016).
 43. Demotes-Mainard, S. et al. Plant responses to red and far-red lights, applications in horticulture. Environ. Exp. Bot. 121, 4–21 

(2016).
 44. Hernández, R. & Kubota, C. Physiological responses of cucumber seedlings under different blue and red photon flux ratios using 

LEDs. Environ. Exp. Bot. 121, 66–74 (2016).
 45. Wang, Y., Guo, Q. & Jin, M. Effects of light intensity on growth and photosynthetic characteristics of Chrysanthemum morifolium. 

Zhongguo Zhong Yao Za Zhi 34(13), 1632–1635 (2009).
 46. de Luca, A. et al. Reassessing the role of potassium in tomato grown with water shortages. Horticulturae 7(2), 20 (2021).
 47. Gerdini, F. S. Effect of nano potassium fertilizer on some parchment pumpkin (Cucurbita pepo) morphological and physiological 

characteristics under drought conditions. Intl. J. Farm. Alli. Sci. 5(5), 367–371 (2016).
 48. Rani, P. et al. Effect of potassium fertilizer on the growth, physiological parameters, and water status of Brassica juncea cultivars 

under different irrigation regimes. PLoS ONE 16(9), e0257023. https:// doi. org/ 10. 1371/ journ al. pone. 02570 23 (2021).
 49. Hawkesford, M. et al. Functions of macronutrients. In Marschner’s Mineral Nutrition of Higher Plants (ed. Marshner, H.) 135–189 

(Academic Press, 2011).
 50. Ahmadi, T., Shabani, L. & Sabzalian, M. R. Improvement in drought tolerance of lemon balm, Melissa officinalis L. under the pre-

treatment of LED lighting. Plant Physiol. Biochem. 139, 548–557 (2019).
 51. Ouzounis, T., Fretté, X., Rosenqvist, E. & Ottosen, C. O. Spectral effects of supplementary lighting on the secondary metabolites 

in roses, chrysanthemums, and campanulas. J. Plant. Physiol. 171(16), 1491–1499 (2014).
 52. Pinho, P., Moisio, O., Tetri, E. & Halonen, L. Photobiological aspects of crop plants grown under light emitting diodes. In CIE 

Expert Symposium on LED Light Sources. Tokyo, Japan 71–74 (2004).

https://doi.org/10.1016/j.scienta.2021.110444
https://doi.org/10.1016/j.scienta.2021.110444
https://doi.org/10.1093/ecam/nep109
https://doi.org/10.1371/journal.pone.0257023


13

Vol.:(0123456789)

Scientific Reports |         (2023) 13:6769  | https://doi.org/10.1038/s41598-023-34056-4

www.nature.com/scientificreports/

 53. Yorio, N. C., Goins, G. D., Kagie, H. R., Wheeler, R. M. & Sager, J. C. Improving spinach, radish, and lettuce growth under red 
light-emitting diodes (LEDs) with blue light supplementation. HortScience 36(2), 380–383 (2001).

 54. Rashidi, A., Tehranifar, A. & Nemati, S. H. Effect of light combination and timing of supplemental lighting on vegetative traits and 
flowering time of petunia (Petunia× hybrida). J. Soil Plant Interact. 10(1), 87–100 (2018).

 55. Riikonen, J. et al. Growth and development of Norway spruce and Scots pine seedlings under different light spectra. Environ. Exp. 
Bot. 121, 112–120 (2016).

 56. Schuerger, A. C., Brown, C. S. & Stryjewski, E. C. Anatomical features of pepper plants (Capsicum annuum L.) grown under red 
light-emitting diodes supplemented with blue or far-red light. Ann. Bot. 79(3), 273–282 (1997).

 57. Senger, H. The effect of blue light on plants and microorganisms. Photochem. Photobiol. 35(6), 911–920 (1982).
 58. Sager, J. C. & McFarlane, J. C. Radiation. In Plant Growth Chamber Handbook (eds Langhans, R. W. & Tibbitts, T. W.) 1–29 (Iowa 

Agricultural and Home Economics Experiment Station, 1997).
 59. de Carbonnel, M. et al. The Arabidopsis PHYTOCHROME KINASE SUBSTRATE2 protein is a phototropin signaling element 

that regulates leaf flattening and leaf positioning. Plant Physiol. 152(3), 1391–1405 (2010).
 60. Kozuka, T., Suetsugu, N., Wada, M. & Nagatani, A. Antagonistic regulation of leaf flattening by phytochrome B and phototropin 

in Arabidopsis thaliana. Plant Cell Physiol. 54(1), 69–79 (2013).
 61. Ichimura, K. & Goto, R. Extension of vase life of cut Narcissus tazetta var. chinensis flowers by combined treatment with STS and 

gibberellin  A3. J. Jpn. Soc. Hortic. Sci. 71(2), 226–230 (2002).
 62. Biswal, A. K. et al. Light intensity-dependent modulation of chlorophyll b biosynthesis and photosynthesis by overexpression of 

chlorophyllide an oxygenase in tobacco. Plant Physiol. 159(1), 433–449 (2012).
 63. Massa, G. D. et al. Plant productivity in response to LED lighting. HortScience 43(7), 1951–1956 (2008).
 64. Niakan, M., Rezapour Mahjoob, S. & Ghorbanli, M. Effect of exogenous putrescine on growth, photosynthesis and alkaloid com-

pounds of Datura (Datura stramonium L.) in response to salinity stress under hydroponic conditions. J. Soil Plant Interact. 6(1), 
111–123 (2015).

 65. Fan, X. et al. Effects of different light quality on growth, chlorophyll concentration and chlorophyll biosynthesis precursors of 
non-heading Chinese cabbage (Brassica campestris L.). Acta Physiol. Plant. 35(9), 2721–2726 (2013).

 66. Singh, D., Basu, C., Meinhardt-Wollweber, M. & Roth, B. LEDs for energy efficient greenhouse lighting. Renew. Sustain. Energy 
Rev. 49, 139–147 (2015).

 67. Zheng, L., He, H. & Song, W. Application of light-emitting diodes and the effect of light quality on horticultural crops: A review. 
HortScience 54(10), 1656–1661 (2019).

 68. Chung, J. P., Huang, C. Y. & Dai, T. E. Spectral effects on embryogenesis and plantlet growth of Oncidium ‘Gower Ramsey’. Sci. 
Hortic. 124(4), 511–516 (2010).

 69. Almeselmani, M., Pant, R. C. & Singh, B. Potassium level and physiological response and fruit quality in hydroponically grown 
tomato. Int. J. Veg. Sci. 16(1), 85–99 (2009).

 70. Tuan, P. A. et al. Effects of white, blue, and red light-emitting diodes on carotenoid biosynthetic gene expression levels and carot-
enoid accumulation in sprouts of tartary buckwheat (Fagopyrum tataricum Gaertn.). J. Agric. Food Chem. 61(50), 12356–12361 
(2013).

 71. Mol, J., Jenkins, G., Schäfer, E. & Weiss, D. Signal perception, transduction, and gene expression involved in anthocyanin biosyn-
thesis. Crit. Rev. Plant Sci. 15(5), 525–557 (1996).

 72. Heo, J. W. et al. Early growth, pigmentation, protein content, and phenylalanine ammonia-lyase activity of red curled lettuces 
grown under different lighting conditions. Korean J. Hortic. Sci. Technol. 30(1), 6–12 (2012).

 73. Lee, M. K. et al. LED lights enhance metabolites and antioxidants in Chinese cabbage and kale. Braz. Arch. Biol. Technol. https:// 
doi. org/ 10. 1590/ 1678- 4324- 20161 50546 (2016).

 74. Lekkham, P., Srilaong, V., Pongprasert, N. & Kondo, S. Anthocyanin concentration and antioxidant activity in light-emitting diode 
(LED)-treated apples in a greenhouse environmental control system. Fruits 71, 269–274 (2016).

 75. Shomali, R., Abdolzadeh, A., Hadad, C. G. R. & Sadeghipour, H. R. Effect of different potassium and iron concentration on growth, 
ion contents and some biochemical parameters in rice (var. Tarem). J. Agric. Nat. Resour. 14(5), 64–77 (2018).

 76. Deng, X. et al. Functional diversification of duplicated chalcone synthase genes in anthocyanin biosynthesis of Gerbera hybrida. 
New Phytol. 201(4), 1469–1483 (2014).

 77. An, S., Arakawa, O., Tanaka, N., Zhang, S. & Kobayashi, M. Effects of blue and red light irradiations on flower colouration in cherry 
blossom (Prunus× yedoensis ‘Somei-yoshino’). Sci. Hortic. 263, 109093. https:// doi. org/ 10. 1016/j. scien ta. 2019. 109093 (2019).

 78. Maynard, A. D. Nanotechnologies: Overview and issues. In Nanotechnology-Toxicological Issues and Environmental Safety (eds 
Simeonova, P. P. et al.) 1–14 (Springer, 2007).

 79. Oosterhuis, D. M., Loka, D. A., Kawakami, E. M. & Pettigrew, W. T. The physiology of potassium in crop production. Adv. Agron. 
126, 203–233 (2014).

 80. Colebrook, E. H., Thomas, S. G., Phillips, A. L. & Hedden, P. The role of gibberellin signaling in plant responses to abiotic stress. 
J. Exp. Biol. 217(1), 67–75 (2014).

 81. Kazan, H., Hobikoğlu, E. H., Karademir, H., Dalyanci, L. & Turguter, Y. Economic development of ski industry in experimental 
innovation: Example of Palandöken Turkey and Alps Switzerland. Procedia Soc. Behav. Sci. 195(3), 487–492 (2015).

 82. Wang, M., Zheng, Q., Shen, Q. & Guo, S. The critical role of potassium in plant stress response. Int. J. Mol. Sci. 14(4), 7370–7390 
(2013).

 83. Zwack, P. J. & Rashotte, A. M. Interactions between cytokinin signalling and abiotic stress responses. J. Exp. Bot. 66(16), 4863–4871 
(2015).

 84. Fang, Z. et al. Phenolic compounds and antioxidant capacities of bayberry juices. Food Chem. 113(4), 884–888 (2009).
 85. Koca, I. & Karadeniz, B. Antioxidant properties of blackberry and blueberry fruits grown in the Black Sea Region of Turkey. Sci. 

Hortic. 121(4), 447–450 (2009).
 86. Bian, Z. H., Yang, Q. C. & Liu, W. K. Effects of light quality on the accumulation of phytochemicals in vegetables produced in 

controlled environments: A review. J. Sci. Food Agric. 95(5), 869–877 (2015).
 87. Winkel-Shirley, B. Flavonoid biosynthesis. A colorful model for genetics, biochemistry, cell biology, and biotechnology. Plant 

Physiol. 126(2), 485–493 (2001).
 88. Chang, A., Lim, M. H., Lee, S. W., Robb, E. J. & Nazar, R. N. Tomato phenylalanine ammonia-lyase gene family, highly redundant 

but strongly underutilized. J. Biol. Chem. 283(48), 33591–33601 (2008).
 89. Buchanan-Wollaston, V. The molecular biology of leaf senescence. J. Exp. Bot. 48(307), 181–199 (1997).
 90. Dhindsa, R. S., Plumb-dhindsa, P. & Thorpe, T. A. Leaf senescence: Correlated with increased levels of membrane permeability 

and lipid peroxidation, and decreased levels of superoxide dismutase and catalase. J. Exp. Bot. 32(1), 93–101 (1981).
 91. Procházková, D. & Wilhelmová, N. Leaf senescence and activities of the antioxidant enzymes. Biol. Plant. 51, 401–406 (2007).
 92. Oh, H. E., Yoon, A. & Park, Y. G. Red light enhances the antioxidant properties and growth of Rubus hongnoensis. Plants 10, 2589 

(2021).

https://doi.org/10.1590/1678-4324-2016150546
https://doi.org/10.1590/1678-4324-2016150546
https://doi.org/10.1016/j.scienta.2019.109093


14

Vol:.(1234567890)

Scientific Reports |         (2023) 13:6769  | https://doi.org/10.1038/s41598-023-34056-4

www.nature.com/scientificreports/

Author contributions
Z.H. and P.N. wrote the main manuscript. J.R. help in statistical analysis and experimental design. Z.J. has advis-
ing in some Methods proceeding. Also, all authors reviewed the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to P.N.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Different LED light spectra’s and nano-chelated potassium affect the quality traits of Dolce Vita cut roses in soilless culture condition
	Materials and methods
	Plant material and experimental design. 
	Morphological traits. 
	Flower vase life. 
	Petal anthocyanin. 
	Chlorophyll content. 
	Antioxidant capacity. 
	Stomata conductance and Photosynthesis rate. 
	Petal phenolics. 
	Flavonoids content of leaves and petals. 
	Petal H2O2 content. 
	Leaf protein content. 
	Carbohydrate content. 
	Ethical approval. 

	Results
	Flower stem height. 
	Flower stem FW and DW. 
	Stomata width. 
	Leaf area. 
	Leaf thickness. 
	Stomatal conductance. 
	Total chlorophyll content. 
	Photosynthesis rate. 
	Leaf protein content. 
	Carbohydrate content. 
	Petal anthocyanin content. 
	Petal phenolic content. 
	Flavonoids of leaves and petals. 
	Antioxidant capacity. 
	Petal H2O2 content. 
	Flower vase life. 

	Discussion
	Biomass & morphophysiological traits. 
	Biochemical & photosynthetic traits. 
	Anthocyanin, protein, phenolics & flavonoids. 
	H2O2 and vase life. 

	Conclusion
	References


