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Abstract: Basil (Ocimum basilicum L.) is one of the important medicinal and aromatic plants. Light intensity is
an indispensable factor for plants due to its effect on photosynthesis and physiological processes. Here, we
investigated the impact of light intensities and harvesting times on the photosynthesis of green and purple
basil. The experiment involved subjecting the plants to three different sunlight levels for 12 days: complete —
100%, 50%, and 30% sunlight. In addition, we scrutinize the harvesting time. The highest levels of
photosynthetic and protective pigments were detected under full sunlight conditions in the purple basil
harvested at noon. The highest levels of soluble and storage carbohydrates were recorded in the purple basil
grown under full sunlight and harvested in the early morning. In contrast, their lowest levels were obtained in
plants grown under 30% sunlight and harvested at noon time. Under all light treatments, the maximum
quantum yield of photosystem II (Fv/Fm) was detected at 4 a.m. in both basil varieties; it decreased at noon and
increased again at 5 p.m. Non-Photochemical Quenching (NPQ) got most elevated in the green variety under
all light intensities at noon. However the highest NPQ was detected in the purple variety at 8 a.m. The NPQ
was lowest in both basil varieties during the early morning and afternoon. Full sunlight at noon caused
temporary photoinhibition and reduced carbohydrates while enhancing pigment concentration and photo-
protective mechanisms in basil plants.

Keywords: chlorophyll fluorescence; harvest time; shading; Controlled Environment Agriculture
(CEA); photoinhibition

1. Introduction

Due to the adverse effects of chemical medicine and the growing trend in herbal remedies,
significant agricultural lands have been devoted to the cultivation of medicinal plants in recent
decades. About 150 species are known for the genus Ocimum, of which the basil (Ocimum basilicum
L.) is the most important and is cultivated in many parts of the world because of its commercial value
[1]. Basil has many applications in the food, pharmaceutical, and cosmetics industries. Basil oil is
used as a spice in pastries, salads, soft drinks, ice cream, perfume factories and oral and dental
products such as toothpaste [2]. Furthermore, essential oils repel insects and have anti-parasitic, anti-
bacterial, antifungal, and antioxidant properties [3].

Light is recognized as an essential factor for plants due to its effect on photosynthesis,
physiological processes, plant structure and morphology, and the production of phytochemicals [4].
During the growing season, the quantity of solar energy plants receive determines their development
and function. High and low light intensities can limit photosynthesis and carbon fixation in plants.
In full sunlight, light inhibition occurs, leading to reduced photosynthesis, especially when other
stresses are present [5]. Low light intensities also stress the plants, as they caused reduced carbon
concentration and photosynthetic net stabilization and hamper plant growth [6]. In addition to its
effects on photosynthesis, light intensity also affects plant temperature and morphological responses,
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which in unfavorable levels, also cause stress [7]. Due to the critical role of light in photosynthesis
(source of energy absorbed by pigments, induction of pigment synthesis, stomatal opening), when
the light is lower than a species-dependent levels, plants often strive to expose themselves to higher
light levels during their growth [6,8,9].

High light intensities impose problems for the crops especially during the summer time [10].
Therefore, decreasing the light intensity during the seasons with high light intensity is a standard
practice in the greenhouses. One way to adjust the light intensity is to use shading techniques.
Shading grids are used to protect horticultural crops from excessive sunlight, environmental hazards
(wind and hail), or flying pests (birds and insects) [11]. Shading reduces the quantity of light reaching
the plant surface, which reduces plant growth and development, especially under conditions of other
stresses [12]. The cons and pros of high and low light intensities have been widely studied before. For
instance, in Salvia, photosynthetic pigments increased at a low light intensity, and overall biomass
weight and plant height declined with decreasing light intensity [13]. In sunflowers, plant growth
and soluble protein content were higher at higher light intensity (350 pmol m-2 s-1), leading to higher
growth due to increase in CO: fixation. Chlorophyll content increased with decreasing light intensity
(125 pmol m? s). Furthermore, carbohydrate levels were higher in plants grown at higher light
intensities. Nitrate reductase activity in both light treatments decreased with increasing age of
sunflower plants [14]. In Brassica campestris ssp., malondialdehyde content, which indicates damage
to plant cells, increased under low light. Exposure to the shade caused a decrease in chlorophyll a,
soluble proteins, net photosynthesis, transpiration, stomatal conductance and antioxidant activity.
Moreover, low light intensity reduced anthocyanin biosynthetic enzymes and caused B. campestris
plants to change their color from purple to green [15].

Plants are exposed to different light levels during the course of the day. This would result in
different plant metabolite profiles during different times of a day. Therefore, harvesting plant
materials at different time during the day may result in achieving different metabolites and
biochemicals in the harvested plant products [16]. Although the application of shading at different
levels is a common practice for greenhouse crop production in different parts of the world (especially
in the mid-range latitudes) on the seasons characterized by high light intensities, determination of
photosynthetic functionality under different light levels during the course of a day has not been
addressed so far. The present study aimed to investigate the photosynthetic functionality and the
level of photoprotective machinery under different shade levels at different time-point of the day on
basil plants with other pigmentations. We hypothesized that, there would be higher pressure on the
photosynthesis system at noon due to higher light intensities. Furthermore, due to different
pigmentations in green and purple, we hypothesized that they respond differently to the light levels.
Basil was used in this investigation since it is one of the most essential herbs/medicinal plants, widely
used in mid-range latitude countries and the availability of varieties with different pigmentations
(green and purple).

2. Materials and Methods

2.1. Plant material and growth conditions

Seeds from two commercial basil plants, green 'Mobarake' and purple 'Ardestan’, were sown in
a mixture of coir-pith and perlite in a 1:1 ratio (v:v) in a greenhouse. After one month, in the six-leaf
stage, basil seedlings were transferred to pots containing 1: 1: 1 soil, sand, and leaf soil, and regularly
irrigated. To investigate the effect of different light intensities at different times of day, a factorial
split-plot experiment was conducted in a completely randomized design with two factors including
basil variety (green and purple), three light intensities (full light, 50% and 30% of full sunlight) and
four harvesting times (4 am., 8 am., 12 and 5 p.m.). For decreasing light intensity, shade nets with
the ability to reduce light intensity by 50% and 70% were installed in the greenhouse at a distance of
1.5 m above the plants. Plants were positioned under these shades, along with the regular greenhouse
lighting. Twelve days after the light treatments, plants were sampled.
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Table 1. Light intensity (umol m-2 s-1) under different shade levels and at different time course of a

day.
Light Intensity (umol m=2s-1)
Time-point 100% of sunlight 50% of sunlight 30% of sunlight
8 a.m. 470 235 141
12 1230 615 369
5 p.m. 650 325 195

2.2. Determination of chlorophyll and carotenoid contents

Chlorophyll (Chl) and carotenoid contents in plant leaves were determined based on the method
of Lichtenthaler and Wellburn (1983). The samples (500 mg) were extracted in 10 ml acetone (80%),
and the extract was separated by centrifugation (SIGMA-3K30) at 7000 g for 5 min. Then the
absorbance of the supernatant was spectrophotometrically (Lambda 25-UV/VIS spectrometer)
measured at 645, 663, and 470 nm and the content of Chl a, b, total Chl, and carotenoids were
calculated based on the Lichtenthaler and Wellburn (1983).

2.3. Determination of total anthocyanins

Anthocyanin content was measured based on the Tang et al. (2005) method. For this purpose,
500 mg of leaf powder was mixed with 10 ml of acidified ethanol with hydrochloric acid (1%) and
then incubated in an incubator shaker at 4 °C for 24 h. After centrifugation (10 min at 7000 g), the
absorbance of the supernatant was measured at 530 and 657 nm [17].

2.4. Evaluation of soluble and storage carbohydrate contents

To obtain the plant extract for measuring carbohydrate contents, 500 mg of the plant powder
was mixed in 5 mL of 96% ethanol and placed on an incubator shaker at 4 °C for 24 h. After
centrifugation (10 min at 4000 g), the supernatant was separated, and 5 ml of 70% ethanol was poured
onto the remaining sediments and placed in an incubator shaker at 4 °C for one h. After
centrifugation, the top solution was mixed with the previous solution. Plant extract (50 ul) was mixed
with 3 ml of anthrone (150 mg of anthrone powder per 100 ml of 72% sulfuric acid) to measure soluble
carbohydrates. The samples were then placed in a bain-marie at 100 °C for ten min. Finally, the
sample absorbance was measured at 625 nm. Concentrations of 0, 25, 75, and 100 mg ml-1 of
monohydrate glucose were used to draw the standard curve [18]. The sediments that remained after
the extraction were used to measure starch carbohydrates. To do so, 1.25 ml of distilled water was
added to completely dried sediments, and then 1.265 ml of perchloric acid was added to it. After
centrifugation (10 min at 4000 g), the supernatant was removed, and all steps were re-applied to the
residue. Then, the samples were placed on ice for 30 min. They were smoothed with filter paper and
finally reached a volume of 2.5 ml. To prepare the sample solution, 0.625 ml of the extract was mixed
with 2.5 ml of 0.002 Antron solution in 98% sulfuric acid, then placed in a bain-marie of 100 °C for 8
min. It was placed on ice immediately. Finally, the absorption of the samples was read at a
wavelength of 630 nm [19].

2.5. Chl a fluorescence

The youngest fully developed leaves were used for measuring the maximum quantum efficiency
of PSII (Fv/Fm) with the Handy Fluorcam FC 1000-H (Photon Systems Instruments, PSI, Czech
Republic). Intact leaves attached to the plants were dark-adapted for 20 min. After dark adaptation,
intact plants were immediately used to measure Fv/Fm. The Fluorcam consisting of a CCD camera
and four fixed LED panels, one pair supplying the measuring pulses and the second pair providing
actinic illumination and saturating flash, were used. Fv/Fm was calculated using a custom-made
protocol [20-22]. Images were recorded during short measuring flashes in darkness. At the end of the
short flashes, the samples were exposed to a saturating light pulse (3900 pmol m=2 s) that resulted
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in a transitory saturation of photochemistry and reduction of the primary quinone acceptor of PSII
[22]. After reaching steady-state fluorescence, two successive series of fluorescence data were
digitized and averaged, one during short measuring flashes in darkness (Fo) and the other during
the saturating light flash (Fm). Fv was calculated by the expression Fv=Fm - Fo from these two
parameters. The Fv/Fum was calculated using the ratio (Fm - Fo)/Fm. The average values and standard
deviation of Fv/Fm were calculated by using version 7 FluorCam software.

Following overnight dark adaption, the polyphasic Chl a fluorescence (OJIP) transient on young
fully formed basil leaves were evaluated using a FluorPen FP 100-MAX (photon system instruments,
Drasov, Czech Republic). A saturating light of approximately 3900 pmol m? s? initiated the
fluorescence measurement. The JIP test was used to assess the OJIP transients (Strasser et al. 2000).
The following data from the original size was used after extraction by FluorPen software:
fluorescence intensities at 50 ps (F 50 us, considered as the minimum fluorescence Fo), 2 ms (J-step,
F), 60 ms (I-step, F1), and maximum fluorescence (Fm). At time 0 and time to obtain maximum
fluorescence, the performance index was determined using the absorption basis (Plass) and densities
of QA-reducing PSII reaction centers. The parameters related to the OJIP fluorescence transients
include the probability that a trapped exciton promotes an electron in ETC beyond QA- (W), the
quantum yield of electron transport (¢eo), the quantum yield of energy dissipation (¢oo), quantum
yield for primary photochemistry (qrav), the maximum quantum yield of primary photochemistry
(¢pro), specific energy fluxes per reaction center (RC) for energy absorption (ABS/RC), trapped energy
flux (TRo/RC), electron transport flux (ETo/RC) and dissipated energy flux (DIo/RC) were calculated
according to Kalhor et al. (2018).

2.6. Statistical analysis

Statistical analysis was performed using SAS statistical analysis software (SAS Institute Inc.,
Cary, N.C.). The experiment was arranged on a factorial basis with a completely randomized design
with 10 replications for photosynthetic measurements and three replications for physiological
evaluations. All data are presented as the mean + standard deviation (SD). Mean separations were
conducted using a Duncan test protected by ANOVA at P <0.05.

3. Results

3.1. Effects of shading and harvest time on pigment concentrations of basil plants

The light intensities and harvest time significantly influenced concentrations of all
photosynthetic pigments in basil leaves. In general, the purple variety contained higher levels of
chlorophyll pigments under 100% and 50% light levels, while there was no considerable difference
between the two basil varieties when plants were exposed to a 30% light level. At full sunlight, the
highest chlorophyll content was detected at noon, while at 50% light levels, the highest chlorophyll
content was performed in the morning. The purple variety had the highest levels of chlorophyll a, b,
and their total amount when harvested at noon under full sunlight conditions. On the other hand,
the green variety had the lowest levels of these components when harvested in the morning under
the same light intensity (Figure 1A-C).

The purple variety showed the highest carotenoid content when harvested at noon and in full
sunlight, as well as at 50% light in the morning and noon. Conversely, the green variety had the
lowest carotenoids when harvested at the morning and noon under full sunlight treatment, and at
noon with 50% light level. The purple variety also had a lower carotenoid when harvested in the
morning under full sunlight treatment (Figure 1D).

The purple variety had the highest level of anthocyanin when harvested at noon under full
sunlight, while the green variety had the lowest level under 30% light level during both morning and
noon harvest, as well as 50% of full sunlight during morning harvest. Overall, the purple variety had
enormously higher levels of anthocyanin in all treatments than the green variety. In general, the levels
of anthocyanin decreased in both varieties as the light intensity decreased (Figure 1E).
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Figure 1. Chlorophyll a (A), chlorophyll b (B), total chlorophyll (C), total carotenoids (D), and
anthocyanin (E) of green (G) and purple (P) varieties of basil exposed to different light intensities (100:
100% sunlight, 50: 50% of sunlight and 30: 30% of sunlight) and harvested at the different time course
of a day (G-M: Green basil harvested in the early morning, G-N: Green basil harvested at noon, P-M:
Purple basil harvested in the early morning and P-N: Purple basil harvested at noon). Bars are means

+SE.

3.2. Effects of shading and harvest time on leaf carbohydrate contents of basil plants

and

The light intensities and harvest time significantly influenced both soluble and storage
carbohydrate contents in basil leaves. Both basil varieties had the highest storage and soluble
carbohydrates when exposed to full sunlight and harvested in the morning. On the other hand, the
lowest amount of carbohydrates was detected in the green variety when exposed to 30% sunlight and
harvested at noon. The purple variety also had lower carbohydrate levels in the same light intensity
when harvested at noon. In general, carbohydrate levels were higher in the morning than at noon.
As light intensity decreased, the amount of carbohydrates in both varieties also reduced (Figures 2

3).
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Figure 2. Storage carbohydrate (A) and soluble carbohydrate (B) of green (G) and purple (P) varieties
of basil exposed to different light intensities (100: 100% sunlight, 50: 50% of sunlight and 30: 30% of
sunlight) and harvested at the different time course of a day (G-M: Green basil harvested in the early
morning, G-N: Green basil harvested at noon, P-M: Purple basil harvested in the early morning and
P-N: Purple basil harvested at noon). Bars are means * SE.

3.3. Chlorophyll a fluorescence influenced by light intensity and day-time in basil varieties

In this study, to assess the photosynthetic functionality under different light intensities and
different times of day, a fast OJIP transient was used. Due to a large number of measurements and
for better understanding, the diagrams of OJIP transients were drawn separately for each variety and
light intensity, while the measurement during different time courses of a day is presented in each
graph (Figure 3). The most normal OJIP is seen in both varieties and at all intensities of light at 4 a.m.,
and with the passage of time and the onset of daylight, disturbances in different stages of OJIP,
especially in the final stages occurred (Figure 3). Under different shade treatments in both basil
varieties, there were declines in the final steps of the OJIP transient when the measurements were
done during the daytime (8 a.m., 12, 5 p.m.).
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Figure 3. OJIP transient trend in green and purple varieties of basil exposed to different light
intensities (100: 100% sunlight, 50: 50% of sunlight and 30: 30% of sunlight) and harvested at various
time courses of a day (full sunlight conditions (A), 50% of full sunlight (B), 30% of full sunlight (C))
and Purple (full sunlight conditions (D), 50% of full sunlight (E), 30% of full sunlight (F)) basil at
different measurement time-points. Bars are means + SE.

In general, under all light intensities, the maximum quantum yield of the green variety's
photosystem II (Fv/Fum) was higher than its ratio in the purple variety (Figure 4). Furthermore, under
all light treatments in both basil varieties, the Fv/Fm was at its highest value at 4 a.m., then with
exposure to sunlight, Fv/Fm was decreased at 8 a.m. and 12 and increased again at 5 p.m. The highest
Fv/Fmwas detected in green basil plants at 4 a.m. under all light treatments, while the lowest Fv/Fu
was obtained in purple basil plants at 12 when exposed to full sunlight or 50% of sunlight conditions

(Figure 4).
0.9
2 def b 2 fo abc : ab
X _ e abc —de -
085 def | bede— gcde bed cde defg bed
1 . 1 —defgh defgh
0.8 i hi - G-4:00 a.m.
hi & .
075 ’ = G-8:00 a.m.
= i B G-12
£ 07
= uG-5:00 p.m.
0.65 P-4:00 a.m.
0.6 P-8:00 a.m.
0.55 mP-12
mP-5:00 p.m.
0.5
%100 %50 %30
Light intensities

Figure 4. Maximum quantum yield of photosystem II (Fv/Fm) from the fluorescence transient
exhibited by leaves of green (G) and purple (p) basil grown under different light intensities (100: 100%
sunlight, 50: 50% of sunlight, and 30: 30% of sunlight) and harvested at an additional time of a day.
Bars represent means * SD.

The highest performance index in absorbance basis (Plass) was detected in the green variety
under 50% and 30% of full sunlight at 5 p.m. belonged the lowest PIABS belonged to purple variety
under full sunlight and 50% at 12. The lowest Plass in the green variety was obtained under all light

intensities at 8 a.m. The highest Plass in the purple variety was detected under full sunlight at 4 a.m.
(Figure 5).
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Figure 5. Performance index in absorbance basis (PIABS) obtained from the fluorescence transient
exhibited by leaves of green (G) and purple (P) basil plants grown under different light intensities
(100: 100% sunlight, 50: 50% of sunlight, and 30: 30% of sunlight) and harvested at various time
courses of a day. Bars represent means + SD.

For the green variety the highest variation in OJIP transient-derived parameters was detected
for mainly DIo/RC and Plass (Figure 6). Compared to the 4 a.m. measurement, there was an increase
in DIo/RC when the measurements were done during the day (8 a.m., 12, and 5 p.m.). In the case of
Plass, there was a decrease when plants were exposed to full sunlight during the daytime
measurements. The same reduction was obtained in plants exposed to 50% and 30% of full sunlight
when measurements were done at 8 a.m. and 12, while at 5 p.m. there was an increase in the value of
Plass. Purple variety showed considerable variations in OJIP transient-derived parameters especially
for Do, DIo/RC, Vj and Plass (Figure 6). DIo/RC, Vj and Do were sharply increased, while Plass was
dramatically decreased when the measurements were done during the day-time (8 a.m., 12, and 5

p-m.).
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Figure 6. Spider plot of OJIP test parameters derived from the fluorescence transient displayed by
leaves of purple and green basil plants cultivated under various light intensities [full sunlight, 50%,

and 30% light intensity of full sunlight] at different time courses of a day. The derived parameter

values were displayed in comparison to the plants measured at 4 a.m.

The highest NPQ was detected in the purple variety exposed to full light at 8 a.m. The lowest
NPQ was also detected in the purple variety exposed to 50% of full sunlight at 5 p.m. (Figure 7). In
both basil varieties; there was no difference or a slight increase in NPQ of the plants at 8 a.m.
compared to its values at 4 a.m. In general, both basil varieties showed the lowest NPQ at 5 p.m.
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Figure 7. Non-Photochemical Quenching (NPQ) from the fluorescence transient exhibited by leaves
of green (G) and purple (P) basil plants grown under different light intensities (100: 100% sunlight,
50: 50% of sunlight, and 30: 30% of sunlight) and harvested at a different time of a day. Bars represent
means + SD.

4. Discussion

Photosynthetic pigment increased in green basil, while decreased in purple basil by reducing
light intensity

Photosynthetic pigments play a critical role in facilitating the absorption and transfer of light
energy in plants, thereby directly influencing photosynthetic efficiency. Among these pigments,
chlorophyll is important and is a significant indicator of photosynthetic capacity (Hai-He et al., 2007;
Ma et al., 2010). In general, chlorophyll levels were increased in the green variety and decreased in
purple variety by reducing the light intensity (Figure 1). Many factors including light's quantity and
quality affect the chlorophyll level in plants [23]. Similar to the green variety of the present study, it
was found that the amount of chlorophyll in the sage increased with decreasing light intensity [13].
However, it has been shown that plants that are grown under the shadow receive lower levels of light
per unit of leaf area compared to those grown under full sunlight. Consequently, it is common for
shade-exposed plants to have elevated levels of chlorophyll, particularly chlorophyll b, to
compensate for the decrease in received light intensity [24]. Similar to our result, higher chlorophyll
content in the purple basil variety than their level in the green basil variety has been reported by
Hosseini et al (2019) where plants were grown under different light spectra. It seems that the high
anthocyanin level of the purple variety which is considered as a shade screen for the leaf to protect
the leaf from high light intensities induces chlorophyll accumulation to compensate the decreased
light level received by the mesophyll [25]. In the present study, chlorophyll levels increased at noon
time when plants exposed to full sunlight condition, while at the same time, they were decreased
when shadings were applied (Figure 1). The level of chlorophyll in plant leaves depends on many
factors including genotype, location, light level and etc. An increase in chlorophyll levels as the result
of exposure to high light intensity has been reported in green leaf plants [6,8,9]. On the other hand, a
decrease in chlorophyll content due to high light intensity exposure has been reported [26-28].

Anthocyanins are stable pigments with the antioxidant role of protect photosynthetic system
against photooxidation under stress conditions [29]. Accumulation of anthocyanins as an important
pigment in leaves is affected by various factors such as temperature, access to water and light.
Accumulation of anthocyanins in the leaves can act as a protective surface that reduces light harmful
effects [30]. Under intense light conditions, plants undergo changes in their metabolism, structure
and pigment composition in order to compete and survive in the new environment. Many plants in
their leaves and fruits under high light and other stress conditions induce the synthesis of additional
pigments such as anthocyanins [31]. Anthocyanin levels decreased in both basil varieties with
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decreasing light intensity (Figure 1). A positive correlation between anthocyanin levels and tolerance
to high light stress has been proposed [32]. According to Phippen and Simon (1998), the purple basil
variety has a special type of anthocyanin that is derived from cyanidin. In petunia plants, the
reduction of light intensity caused a decrease in the production of anthocyanin [33]. As expected, the
purple basil contained more anthocyanins levels than the green variety [34,35]. The purple variety
has a higher amount of anthocyanin (0.6 to 1 mg / g fresh weight) than the green variety (less than
0.5 mg / g fresh weight), and the cause of the purple color in this variety is attributed to the
accumulation of anthocyanins [36]. Due to the accumulation of anthocyanins in vacuoles [37], they
increase plant tolerance by protecting the photosynthetic system against stresses such as high light
radiation by increasing the amount of fluorescence [38,39].

Carotenoids serve as both pigments that receive light and protect chloroplasts when they are
under stress. Under high light intensity, carotenoids primarily function to protect, while in
environments with low light radiation, they absorb light and transmit its energy to chlorophyll
(Ayalew, 2018). In the present study, carotenoid levels increased as light intensity decreased in green
variety, with higher levels detected in the morning, while in the purple variety, carotenoid levels
mainly accumulated in the noon time.

Photosynthetic functionality decreased by high light stress mainly in purple basil variety

During the process of photosynthesis, light energy is converted into chemical energy. This
chemical energy is stored as carbohydrates for consumption during plant growth [40]. In our study,
the amount of carbohydrates in the plant decreased by decreasing the light intensity by shading.
Furthermore, the highest amount of carbohydrates was detected in the morning harvest. The light
intensity can affect plant growth and stress tolerance in plants due to its effect on the synthesis of
carbohydrate products [41]. Decreased and weak growth due to exposure to low light intensities is
mainly due to reduced energy inputs, obtained from light reactions (ATP and NADPH), for carbon
reactions resulting in a decrease in CO: fixation and as a consequence reduced sugar synthesis as the
cytoskeleton of plant structure [40]. Similar results were obtained in a survey of the effect of different
light intensities on sunflowers [14]. In another study on roses, it was found that plants contained less
carbohydrates when exposed to a high and stressful light intensity which was consistent with the
results of the present study at noon. Decreased carbohydrate production when exposed to high light
intensity is known to reduce the photosystem II functionality and thus reduce the production of
sugars in the plant [32].

Photosynthetic reactions in plants depend on environmental conditions. The quantity and
quality of light are among the factors that can affect photosynthetic reactions [42]. Environmental
stresses usually increase Fo. The increase in Fo indicates the degradation of the electron transfer chain
of photosystem II due to the reduction of QA capacity and its complete lack of oxidation due to the
slow flow of electrons along the path of photosystem II and the total inactivation of photosystem II
[43]. The increase in Fo was also attributed to damage to the D1-bound protein of photosystem II
[44,45]. Maximum fluorescence (Fr) is related to the maximum emission of fluorescence due to the
reduction of all electron carriers [46]. In this study, Fr levels decreased in both varieties when light
intensity increased during the day. In the experiment on roses, the amount of Fr decreased when the
rose was exposed to high light intensity [32]. A decrease in Fris likely associated with reduced activity
of the water-degrading enzyme complex as well as electron transfer cycles in or around photosystem
I1[47]. Fv/Fmis calculated from the ratio of variable fluorescence to maximum fluorescence. This index
indicates the maximum quantum efficiency of photosystem II for converting absorbed light into
chemical energy [48]. This parameter decreases during stress conditions. The decrease of this index
is the result of damage to the reaction centers of photosystem IL It indicates the occurrence of
photoinhibition due to environmental stresses[49]. The Fv/Fm index is used to diagnose
photosynthetic system disorders and its reduction indicates a decrease in photochemical productivity
in photosystem II and damage to the photosynthetic system [50]. Fv/Fum represents the ratio of light
used in the photosynthesis process to the total light absorbed by chlorophyll; its decrease indicates a
decrease in the photosynthesis capacity [51]. Decreased photochemical performance is due to the
occurrence of inhibition due to the inactivation of photosystem II reaction centers and damage to the
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D1 protein [49]. In the present study conducted at 4 a.m. in both varieties, Fv/Fm was at its highest
value, but when the light intensity was increased (noon), the Fv/Fm was decreased. It then rose again
with decreasing light intensity at 5 p.m. An increase in Fv/Fum reduces energy loss in the form of heat
in the plant [52]. The results of this study were consistent with the research of Hazrati et al. (2016),
which reported that decreasing Fv/Fm was associated with increased light intensity and increased
heat dissipation in the form of heat [53]. The decrease in Fv/Fwm is due to photosystem II damage,
which reduces photosynthesis efficiency [54]. The green variety showed a higher Fv/Fm compared to
the purple variety, which is in line with the study of Hosseini et al. (2019).

Plass is a parameter that is defined as an indicator of system performance per absorbed light [55].
This index is one of the most useful biophysical parameters in showing the difference between the
response of photosystem II to normal conditions and conditions in which the plant is under stress [5].
In other words, Plass is an indicator of photon absorption performance. This parameter is very
sensitive to environmental changes and stresses and is successfully used to track photosynthetic
performance when the plant is exposed to many abiotic stresses, including high light stress [5],
elevated temperatures [56], salinity stress [57], drought [58], and nutrient deficiency [59]. The
decrease in Plass may be due to electron inhibition due to the decline in the normal performance of
photosystem II [60]. In the present study, Plass decreased with increasing light intensity during the
day. In wheat, the Plass decreased from 12 to 5 p.m. compared to its values in the morning [61].

NPQ is an indicator of the dissipation received energy in the form of heat. Elevation in the NPQ
indicates the high capacity of the xanthophyll cycle and the plant's ability to withstand stress through
energy loss in the form of heat [62]. The NPQ is highly related to the functioning of the xanthophyll
cycle, which facilitates energy dissipation in the form of heat under high light intensities [63]. In the
present study, NPQ was highest in the green variety at noon time, which may be related to the high
level of carotenoids at noon time in the green variety (Figure 1). It has been shown that plants that
are exposed to high light have higher levels of NPQ than plants exposed to low light [8,54]. In the
purple variety, NPQ reached its highest level at 8 a.m and decreased at noon with the highest light
intensity during the measurement. Studies have shown that the accumulation of anthocyanin in
plants reduces NPQ under conditions of high light intensity. Indeed, anthocyanin act as a light shield
and protect the plant's photosynthetic system from high light intensity [64]. However, in the present
study, higher anthocyanin level in the purple variety did not provide more protection on the
photosynthetic apparatus. This can be more elucidated by lower Fv/Fm and NPQ during the noon
time in the purple variety, while in the green variety, which contained lower anthocyanin levels,
showed higher Fv/Fmand NPQ during the noon time. It has been reported that although anthocyanin
protects plants from high light stress by having antioxidant properties, it reduces photosynthetic
functionality [25]. Agati et al. (2022) challenged the known role of anthocyanin in the photoprotection
of photosynthesis by showing a shortage of proper investigation using red and green leaves plants
or the discrepancy between the finding of controlled environments with the field [65]. Therefore, it is
still early to make a firm conclusion related to the role of anthocyanin on protection over
photosynthesis machinery..

5. Conclusions

In the present study, photosynthetic and protective pigments of green and purple basil varieties
were influenced by shade level and measurement time during the day. Although the purple variety
showed higher levels of chlorophyll and anthocyanin pigments than the green variety, these
pigments decreased considerably when shade treatments were applied. The green variety showed a
lower photoinhibition level during the day than the purple variety. As a result, there were lower
variations on the fate of excited energy in the green variety compared to the purple one. The higher
photoinhibition during day time in the purple variety can be related to their lower capacity to
dissipate the extra energy on the photosynthetic system as the heat (NPQ). In conclusion, higher
anthocyanin levels in purple variety did not necessarily prevent photoinhibition in purple variety.
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