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Abstract: Marigold is one of the commercially exploited flowering crops that belongs to the family
Asteraceae. The production of economical yield and better quality of marigold flowers requires
proper crop management techniques. Crop regulation is an important technique to make the marigold
production profitable. This can be done by adopting application of plant growth regulators (PGRs).
The present study was designed to investigate the effect of PGRs on flowering and antioxidant
activity of two cultivars of African marigold (Tagetes erecta L.) viz. “Pusa Narangi Gainda” (hereinafter
referred to as Narangi) and “Pusa Basanthi Gainda” (hereafter referred to as Basanthi). Plants were
sprayed with abscisic acid (ABA), N-acetyl thiazolidine (NAD), gibberellic acid (GA3), salicylic acid
(SA), indole-3-butyric acid (IBA) and oxalic acid (OA) at the concentrations of 100, 150, 250, 300
and 800 mg-L~?, each. Results revealed that the plants treated with 500-600 mg-L~! IBA exhibited
maximum increase in floral diameter (34-51%). The use of 500-550 mg-L*1 IBA exhibited maximal
enhancement in flower fresh weight (21-92%). The exogenously applied OA significantly (p < 0.05)
improved flower dry weight, total phenolic contents, total flavonoid contents and reducing power
ability of marigold plants. Overall, “Narangi” performed better than “Basanthi”, in terms of flowering
and antioxidant activity. Conclusively, the results suggest that foliar application of PGRs favors
flowering and antioxidant activity of African marigold.

Keywords: plant growth regulators; salicylic acid; oxalic acid; DPPH; antioxidant activity; reducing
power ability

1. Introduction

African marigold (Tagetes erecta L.) belongs to family Asteraceae and is one of the major
and important commercial flower crops and widely grown for loose flower production [1].
It is an ornamental plant species with known medicinal use due to the high content of
carotenoids and phenolics in flower petals [2]. It is popular throughout the world because
of its wide spectrum of attractive colours, shape and good keeping quality. Marigold has
gained popularity on account of its easy cultivation, wide adaptability and production
throughout the year [3]. Apart from beautification, its flower petals are also being used
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for xanthophyll production which is a major carotenoid fraction and accounts for 80-90%
of lutein [4,5]. The flowers are also used for religious rituals and social functions because
of their wide adoptability to varying soil and climatic conditions and long duration of
flowering [6].

In many countries, research was conducted to improve flowering growth of ornamen-
tal plants by treating them with environment friendly substances, e.g., gibberellic acid,
oxalic acid and salicylic acid, and success was achieved to a certain level [7]. Plant growth
regulators (PGRs) play an important role in flower production, which in small amounts
promotes or inhibits or quantitatively modifies growth and development. Gibberellic acid
has proved to be very effective in manipulating growth and flowering in chrysanthemum
(Chrysanthemum morifolium) [8] and petunia (Petunia hybrida) [9]. Gibberellic acid and NAA
enhance the elongation and cell division by promoting the DNA synthesis in the cell.
They reduced the juvenile phase due to increase in photosynthesis and respiration with
enhanced CO; fixation in the plant [10]. The flowering growth of marigold was reported
as increased under the influence of abscisic acid [6]. Indole-3-butyric acid played a vital
role in increasing floral diameter of rose species (Rosa spp.) by increasing cell division [11].
However, limited research was conducted in Pakistan using these PGRs to enhance growth
and development of flowering plants [12].

Commercially, plant growth regulators are used for suppressing apical dominance
retarding vegetative growth, lateral buds induction and the production of a large number
of flowers in various crops resulting in a higher flower yield and easy cultivation [13-15].
There are many examples of utilization of plant growth hormones to regulate the flow-
ering in aromatic plants [16]. This research is of great interest and importance for flower
merchants, growers, and scientists in Pakistan. The traditionally used chemicals have
negative impacts on the environment due to their nonbiodegradable characteristics [17].
Considering that there are not extensive studies about the effects of PGRs on flowering
and antioxidant activity of African marigold, a pot experiment was designed to evalu-
ate the floral growth and antioxidant response of two cultivars (“Pusa Narangi Gainda”,
(hereafter referred to as Narangi, and “Pusa Basanthi Gainda”, hereafter referred to as
Basanthi) of African marigold to exogenously applied different doses (100, 150, 250, 300
and 800 mg-L~!) of PGRs, including abscisic acid (ABA), N-acetyl thiazolidine (NAD),
gibberellic acid (GA3), salicylic acid (SA), indole-3-butyric acid (IBA) and oxalic acid (OA).

2. Materials and Methods
2.1. Plant Material and Experimental Site

The experiment was conducted at the research farm of the Institute of Horticultural
Sciences, University of Agriculture, Faisalabad, Pakistan (31°26'03.3” N 73°04'28.1” E) from
16 July 2020 to 15 November 2020. One-month old seedlings of marigold cultivars “Pusa
Narangi Gainda” and “Pusa Basanthi Gainda” were purchased from Qadir Bakhsh Nursery
(Pvt. Ltd.), Faisalabad-38000, Pakistan, and transplanted to plastic pots (30 x 33 cm),
one seedling per pot. Before transplanting, the pots were filled with coconut coir, sand
and well-pulverized soil collected from the field of the research farm with the ratio of
1:3:3, respectively. After filling growing media into pots, the moisture was applied up to
field capacity. The pots media had pH, EC, available phosphorus and potassium of 6.3,
0.424 dSm~1, 14.92 mg-L~! and 347.57 mg-L~!, respectively. After transplanting, pots
were placed in a greenhouse. The greenhouse climate data during the complete execution
of the experiment is given in Figure 1.
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Figure 1. Microclimate conditions inside the greenhouse during the experiment (16 July to
15 November 2020) at research station of University of Agriculture, Faisalabad, Punjab, Pakistan.

2.2. PGRs Treatments

Marigold plants of both cultivars were sprayed with six different plant growth
regulators (Merck KGaA, Darmstadt, Germany), namely abscisic acid (ABA), N-acetyl-
thiazolidine (NAD), gibberellic acid (GA3), salicylic acid (SA), indole-3-butyric acid (IBA)
and oxalic acid (OA) at five different doses (i.e., 100, 150, 250, 300 and 800 mg-L_l, each),
twice a week from blooming, when each plant had >3 flowers. Blooming initiated in both
cultivars at same time (<2 days difference). Each cultivar was sprayed with PGRs at the
same time. The plants were sprayed one week after first bloom. Marigold plants were foliar
sprayed with PGRs early in the morning using 1 L electronic sprayer (T Tovia, Ningbo,
China) operated at a constant speed. Each treatment received 1 L of PGRs solution per
spray. Control plants were treated with distilled water and maintained for comparison
(0 mg-L~1). Each treatment was replicated thrice, and each replication contained 10 pots,
thus 10 plants.

2.3. Flowering Attributes

Flowering attributes, i.e., floral diameter, flower fresh weight and flower dry weight,
were measured at full flower physiological maturity—determined by visual observation—
123 days after transplanting, after 4 weeks from the first spray, that is after 8 sprays. These
parameters were calculated by randomly picking 10 physiologically mature flowers from
10 plants per replicate and per treatment. Floral diameter was measured with digital
Vernier callipers (DR-MV0100NG, Ningbo Dongrun Imp. & Exp. Co., Ltd., Ningbo, China),
whereas flower weight was measured with digital weighing balance (M]J-W176P, Panasonic,
Osaka, Japan). Fresh flowers were dried in hot air dehydrator (Ultimate 4000, Fowlers
Vacola Australia Pty Ltd., Melbourne, Australia) at 65 °C for 72 h.

2.4. Antioxidant Attributes
2.4.1. Sample Preparation
The oven dried flowers were grinded and mixed in methanol to prepare sample

solution (1:15 w/v). The mixture was stirred for 2 h and kept at room temperature for 24 h.
Then, it was filtered and kept in sealed bottles in the dark [18].

2.4.2. Total Phenolic Contents

The 1.0 mL of each sample solution and gallic acid standard solution (20, 40, 60,
80 and 100 mg-L~1), 5 mL of Folin-Ciocalteu reagent and 4 mL sodium carbonate (7%
w/v) were added in a flask and shaken to mix the components completely. After keeping
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all the samples in the dark for 30 min, absorbance was measured at 765 nm using a
spectrophotometer (T60 U Spectrophotometer, PG Instruments Ltd., Leicestershire, UK).
Reagent solution was used as a blank. The amount of total phenolics was expressed as
gallic acid equivalent in milligram per gram plant dry weight [19].

2.4.3. Total Flavonoid Contents

The 1.0 ml of sample or catechin standard solution (20, 40, 60, 80 and 100 mg~L_1) was
mixed with 4.0 mL of water in 10 mL volumetric flask followed by addition of 0.3 mL of 5%
NaNO;,. After 5 min, 0.3 mL of 10% AICI; was added and after waiting for one more min,
2 mL of 1 M NaOH were added, and total volume was made up to 10 mL using deionized
distilled water (DDW). After mixing the solution properly, the absorbance reading was
measured at 510 nm using reagent as blank. The amount of total flavonoids was expressed
as catechin equivalent in milligram per gram plant dry weight [20].

2.4.4. DPPH Free Radical Scavenging Activity

The 1,1-diphenyl-2-picrylhydrazine (CAS No. 1707-75-1, >95% purity, Sigma-Aldrich,
Milwaukee, WI, USA) scavenging activity was carried out by adding DPPH solution
(1.0 mL, 0.3 M) to 2.5 mL solution of plant extract or gallic acid standard. Then samples and
standards were incubated at room temperature in the dark for 20 min. Finally, absorbance
was recorded at 518 nm. The control solution was prepared by adding 1.0 mL of methanol
to 2.5 mL of extract solution without DPPH, while the positive control was prepared by
adding 1.0 mL of DPPH solutions to 2.5 mL of gallic acid. The DPPH scavenging activity
was calculated using the following expression [21].

Absorbance of sample

1
Absorbance of control x 100

DPPH scavenging activity (%) = 100 —

2.4.5. Plant Reducing Power Ability

The plant extract (1.0 mL) or gallic acid standard solution (20, 40, 60, 80 and 100 mg~L’1)
was mixed with 2.3 mL of 0.2 M phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium
ferricyanide (K3[Fe(CN)g]). The mixture was incubated at 37 °C for 20 min. Then, 10%
trichloroacetic acid (2.5 mL) was added to the mixture and centrifuged for 10 min at
1000 rpm, the supernatant (2.5 mL) was mixed with 2.5 mL of distilled water and 0.5 mL
of 0.1% FeCls. After keeping the solution for 10 min, the absorbance was measured at
700 nm [22].

2.5. Experimental Design and Statistical Data Analysis

The experiment was designed under bi-factorial completely randomized design (Cul-
tivar x PGRs doses) with three replicates. Collected data were submitted to analysis of
variance (ANOVA) and found that cultivars and PGR doses had significant (p < 0.05) inter-
action, except in the case of flower diameter when treated with ABA and SA. Fisher’s LSD
(interaction) technique was used to compare treatment means (p < 0.05) using the analytical
software package “Statistix 8.1”. Principle component analysis and correlation coefficient
values were determined through Pearson () technique using “XLSTAT ver. 2019”.

3. Results
3.1. Flowering Attributes

7

Marigold plants of “Basanthi” exhibited more floral diameter as compared to “Narangi”.
In case of ABA application, marigold plants of “Basanthi” had a bigger floral diameter
than “Narangi” (p < 0.05). The maximum floral diameter (5.24 cm) was observed in plants
of “Basanthi” treated with 250 mg-L~! ABA which was 1.34-fold greater than those of
untreated plants (Figure 2A). Similarly, marigold plants of “basanthi” receiving foliar
application of 100, 300 and 800 mg-L~! NAD exhibited a significant (p < 0.05) increase
in the floral diameter. However, for NAD application above than 250 mg-L~!, a sharp
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decrease in the average was obtained for floral diameter, reaching 2.5 cm for the maxi-
mum dose applied (800 mg-L~1) (Figure 2B). Regardless of the concentration, plants of
“Basanthi” showed enhanced floral diameter under the influence of GA3, while the plants
of “Narangi” showed 28% increase in the floral diameter when treated with 800 mg-L ™!
GA;3, as compared with control (Figure 2C). Floral diameter of both cultivars under the
influence of foliar application of SA was non-significantly improved (Figure 2D). Con-
versely, exogenously applied IBA significantly enhanced the floral diameter of “Basanthi”.
Maximum floral diameter (6.25 cm) was recorded in the plants of the same cultivar receiv-
ing foliar application of 150 mg-L~! IBA, followed by 800 mg-L~! IBA which was 1.61
and 1.52-fold greater than those of untreated plants, respectively. The plants of “Narangi”
showed non-significant but comparable results to control, except when treated with 300
and 800 mg-L~! IBA (Figure 2E). In the case of OA treatment, the plants treated with
300 mg-L~! OA showed maximum floral diameter (5.59 cm “Narangi”, 4.95 cm “Basanthi”)
in both cultivars as compared to control (Figure 2F).

ABA NAD
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:
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Figure 2. Floral diameter (cm) of two cultivars of marigold (“Pusa Narangi Gainda” and “Pusa Basanthi Gainda”) as
affected by different doses (mg-L_l) of ABA (A); NAD (B); GA3 (C); SA (D); IBA (E) and OA (F). Same letters indicate
non-significant difference among treatments under Fisher’s least significant difference test (p < 0.05). Vertical bars indicate
average =+ standard error (three replications, under bi-factorial CRD).

In case of flower fresh weight, “Narangi” showed significant response to ABA ap-
plication. Plants of “Narangi” treated with 300 mg-L~! ABA exhibited 62.53% increase
in flower fresh weight as compared to control (Figure 3A). Under the influence of NAD,
the plants of “Basanthi” receiving foliar application of 300 and 800 mg-L~! NAD exhib-
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ited 85.74 and 43.88% increase in flower fresh weight, respectively. “Narangi” exhibited
93.55% increase in flower fresh weight when received 100-250 mg-L~! NAD as compared
to control (Figure 3B). In case of GAj3 application, “Narangi” showed maximum flower
fresh weight in plants treated with 800 mg-L~! (9.93 g) which was 145.26% greater than
untreated plants. Meanwhile, the flower fresh weight of “Basanthi” increased up to 15%
when treated with GA3 except when treated with 300 mg-L~! GA3 (Figure 3C).

ABA NAD v Narangi

10.0 —e— Basanthi
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Figure 3. Flower fresh weight (g) of two cultivars of marigold (“Pusa Narangi Gainda” and “Pusa Basanthi Gainda”) as
affected by different doses (mg-Lfl) of ABA (A); NAD (B); GA3 (C); SA (D); IBA (E) and OA (F). Same letters indicate
non-significant difference among treatments under Fisher’s least significant difference test (p < 0.05). Vertical bars indicate

average =+ standard error (three replications, under bi-factorial CRD).

The foliar application of 250 mg-L~! SA showed maximum flower fresh weight (9.29 g
“Narangi”, 5.59 g “Basanthi”) in both cultivars as compared to control (Figure 3D). Similarly,
the plants of “Narangi” and “Basanthi” showed 110.23 and 92.80% increase in flower fresh
weight when treated with 300 and 150 mg-L~! IBA, respectively (Figure 3E). The plants
treated with foliar application of 300 mg-L.~! OA showed maximum flower fresh weight
(8.25 g “Narangi”, 6.24 g “Basanthi”) followed by 100 mg-L~! (7.83 g “Narangi”, 5.19 g
“Basanthi”) in both cultivars (Figure 3F).

“Basanthi” exhibited a 6.16% increase in flower dry weight when treated with 250 mg-L~!
ABA, while “Narangi” showed a 1.45-fold better response under the influence of 800 mg-L.~!
ABA as compared to untreated plants (Figure 4A). The plants of “Basanthi” receiving foliar
application of 100, 300 and 800 mg-L~! NAD exhibited 3.90, 9.43 and 7.62% increase in
flower dry weight, while the plants treated with 150 and 250 mg-L~! NAD showed a
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1.47 and 0.845 decrease in flower dry weight as compared to control. Flower dry weight
of “Narangi” increased up to 10% with 100-300 mg-L~! NAD as compared to control
(Figure 4B). In case of GAj application, “Narangi” and “Basanthi” showed maximum
flower dry weight when treated with 800 and 100 mg-L~!, which were 8.15 and 3.91% more
than those of untreated plants (Figure 4C). The foliar application of 150 and 250 mg-L~! SA
showed 12.84 and 6.61% increment in flower dry weight of “Narangi” and “Basanthi”, re-
spectively (Figure 4D). Similarly, 800 and 300 mg-L~! IBA induced 6.09 and 6.47% increase
in flower dry weight of the plants of “Narangi” and “Basanthi”, respectively (Figure 4E).
The plants treated with 300 mg-L~! OA exhibited maximum flower dry weight (1.41 g
“Narangi”, 0.84 g “Basanthi”) (Figure 5F).

ABA NAD —&—Narangi

I E Sl —e— Basanthi

0 100 200 300 400 S0 60 700 500 0 100 200 30 400 500 60 700 500

Figure 4. Flower dry weight (g) of two cultivars of marigold (“Pusa Narangi Gainda” and “Pusa
Basanthi Gainda”) as affected by different doses (mg~L*1) of ABA (A); NAD (B); GA3 (C); SA (D); IBA
(E) and OA (F). Same letters indicate non-significant difference among treatments under Fisher’s least

significant difference test (p < 0.05). Vertical bars indicate average =+ standard error (three replications,
under bi-factorial CRD).
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Figure 5. Total phenolic contents (mg- g_l) of two cultivars of marigold (“Pusa Narangi Gainda
and “Pusa Basanthi Gainda”) as affected by different doses (mg-Lfl) of ABA (A); NAD (B); GA;3 (C);
SA (D); IBA (E) and OA (F). Same letters indicate non-significant difference among treatments under
Fisher’s least significant difference test (p < 0.05). Vertical bars indicate average + standard error
(three replications, under bi-factorial CRD).

3.2. Antioxidant Attributes

Marigold plants of “Basanthi” treated with 150 mg-L~! ABA showed enhanced phe-
nolic contents by 2.02-fold comparing with untreated plants (Figure 5A). Similarly, plants
receiving foliar application of 150-800 mg-L~! NAD exhibited up to a 121.87% increase in
total phenolics. Conversely, the plants treated with 100 NAD showed decreased phenolic
contents by 8.11% as compared to control (Figure 5B). “Basanthi” and “Narangi” showed an
116.36 and 368.82% increase in total phenolics when treated with 150 and 100 mg-L~! GAs,
respectively (Figure 5C). Plants of “Basanthi” receiving a foliar application of 250 mg-L ™!
SA exhibited maximum phenolic contents (229.63 mg-g~!) which were 103.53% more than
those of untreated plants (Figure 5D). IBA enhanced the phenolics of both cultivars in a
concentration dependent manner. Maximum phenolics (237.47 mg-g~!) were recorded in
the plants of “Basanthi” receiving foliar application of 800 mg-L.~! IBA followed by the
plants of same cultivar treated with 300 mg-L~! IBA (Figure 5E). “Basanthi” and “Narangi”
showed 397.63 and 70.46% increase in phenolics when treated with 150 and 300 mg-L !
SA, respectively (Figure 5F).

The flavonoid contents of “Narangi” were recorded 69.56% more as compared to
control when treated with 250 mg-L~! ABA (Figure 6A). The plants of both cultivars
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receiving foliar application of 100, 150, 800 mg-L~! NAD exhibited a significant increase
in total flavonoids, while the plants of “Narangi” treated with 250 and 300 NAD showed
decreased flavonoid contents as compared to the control (Figure 6B). The plants of “Basan-
thi” and “Narangi” treated with 300 and 100 mg-L~! GAj3 showed a 2.85- and 2.04-fold
increase in flavonoid contents as compared to untreated plants (Figure 6C). In case of
SA application, total flavonoids of “Basanthi” significantly increased with the applica-
tion of 250 and 300 mg-L~! SA, while “Narangi” exhibited enhanced flavonoids as the
result of 100 and 800 mg-L~! SA (Figure 6D). IBA at 250 and 800 mg-L~! enhanced
the flavonoid contents of both cultivars by 1.89 and 2.88-fold, respectively. Maximum
flavonoids (98.34 mg-g 1) were recorded in the plants of “Basanthi” receiving foliar appli-
cation of 800 mg-L~! IBA (Figure 6E). The plants of “Basanthi” treated with 250 mg-L !
OA and “Narangi” treated with 150 mg-L~! OA showed maximum level of flavonoid
contents (75.32 and 100.51 mg-g~ !, respectively) (Figure 6F).

ABA NAD

130 30 ] —e—Narangi

—eo— Basanthi

90 4

30 4
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0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800

Figure 6. Total flavonoid contents (mg-g~!) of two cultivars of marigold (“Pusa Narangi Gainda”
and “Pusa Basanthi Gainda”) as affected by different doses (mg~L*1) of ABA (A); NAD (B); GA; (C);
SA (D); IBA (E) and OA (F). Same letters indicate non-significant difference among treatments under
Fisher’s least significant difference test (p < 0.05). Vertical bars indicate average + standard error
(three replications, under bi-factorial CRD).

The maximum floral DPPH free radical scavenging activity (29.32%) was observed in
plants of “Basanthi” treated with 800 mg-L~! ABA which was 24.65% more than those of
untreated plants (Figure 7A). The plants of “Narangi” treated with 100, 150 and 800 NAD,
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and “Basanthi” treated with 100 and 250-800 showed increase in DPPH activity up to 55 and
88%, respectively, as compared to control (Figure 7B). In case of GAj3, plants of “Narangi”
showed reduction in DPPH activity, while the plants of “Basanthi” showed increased
DPPH activity in a dose dependent manner (Figure 7C). The graph of SA (Figure 7D)
showed opposite trend among both cultivars. The plants of “Basanthi” receiving foliar
application of 800 mg-L~! IBA exhibited maximum DPPH scavenging activity (35.73%)
followed by the plants of “Narangi” receiving 150 mg-L~! IBA (30.77%), which were 169.25
and 28.20% more than those of untreated plants of respective cultivars (Figure 7E). The
exogenously applied OA also enhanced the DPPH of both cultivars except when applied
at the concentration of 800 and 150 mg-L~! in “Basanthi” and “Narangi”, respectively
(Figure 7F).

ABA NAD

—e—Narangi

—e— Basanthi

IBA OA

0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800

Figure 7. The DPPH free radical scavenging activity (%) of two cultivars of marigold (“Pusa
Narangi Gainda” and “Pusa Basanthi Gainda”) as affected by different doses of (mg-L~!) ABA
(A); NAD (B); GA3 (C); SA (D); IBA (E) and OA (F). Same letters indicate non-significant difference
among treatments under Fisher’s least significant difference test (p < 0.05). Vertical bars indicate
average =+ standard error (three replications, under bi-factorial CRD).

ABA enhanced the reducing power ability (RPA) of the plants of “Basanthi” by
1.67-fold when treated with 100 mg-L~! (Figure 8A). Similarly, plants receiving foliar
application of NAD exhibited 1.6-times more RPA as compared to control (Figure 8B). In the
case of GAj3 treatment, plants of “Basanthi” treated with 300 mg-L.~! and plants “Narangi”
treated with 100 mg-L~! showed maximum RPA (84.72 and 84.45 mg-g !, respectively),
which were 59.03 and 44.48% more than those of untreated plants (Figure 8C). The RPA of
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both cultivars under the influence of foliar application of SA was significantly improved.
Plants of “Basanthi” receiving foliar application of 250 mg-L~! SA exhibited a 59.21%
increase in RPA as compared to the control, which was maximum among all other dose of
SA (Figure 8D). The exogenously applied IBA enhanced the RPA of both cultivars except
when treated at the concentration of 800 mg-L~!. Maximum RPA (84.09 mg-g~! “Narangi”,
78.83 mg-g~! “Basanthi”) was recorded in the plants receiving a foliar application of
150 mg-L~! IBA (Figure SE). In the case of OA treatment, “Basanthi” and “Narangi”
were treated with 300 and 150 mg-L~!, respectively, showed maximum RPA (77.23 and
80.36 mg-g~ !, respectively) (Figure 8F).

ABA NAD —e—Narangi

—eo— Basanthi

IBA OA

0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800

Figure 8. The reducing power ability (mg- g_l) of two cultivars of marigold (“Pusa Narangi Gainda”
and “Pusa Basanthi Gainda”) as affected by different doses of (mg~L*1) ABA (A); NAD (B); GA3 (C);
SA (D); IBA (E) and OA (F). Same letters indicate non-significant difference among treatments under
Fisher’s least significant difference test (p < 0.05). Vertical bars indicate average + standard error
(three replications, under bi-factorial CRD).

3.3. Principle Component Analysis

The efficacy of PGRs to modulate plant physiology depends on its concentration,
application method and plant genetics [15]. Results from this study also showed that the
response of marigold flower growth and antioxidant capacity to PGRs application changed
with a change in the concentration and type of hormone. So, principal component anal-
ysis was conducted to delineate the concentration and PGR-dependent effects (Figure 9).
Based on the highest squared cosine value corresponding to factors F1, F2 or F3, flower
growth and quality attributes were clustered around PGR treatments. Factor F1, covering
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20.23% variability in data (eigenvalue 2.833), showed clustering of flower diameter, flower
fresh weight, flower dry weight and DPPH activity of “Basanthi” with 150-300 mg-L !
NAD, 100 mg-L~! SA, 150 mg-L~! IBA, 300 mg-L ! IBA and 150 mg-L~! OA suggesting
a positive influence of these treatments on these parameters. The second factor, covering
18.81% variability in data (eigen value 2.634), showed clustering of flower diameter, flower
fresh weight and flower dry weight of “Narangi” with 150 mg-L~! ABA, 800 mg-L~!
NAD, 150 mg-L~! GA3, 800 mg-L~! GA3 and 800 mg-L~! OA. However, the distribution
of clusters in two distinct groups on opposite sides of F1 axis indicated that application of
the aforementioned PGRs had strong negative correlations with flower diameter, flower
fresh weight and flower dry weight of “Narangi”. The third factor of principal component
analysis, covering 13.41% variability in data (eigenvalue 1.877; not shown), showed clus-
tering of total phenolics and reducing power ability of “Narangi” with foliar application
of 300 mg-L~! ABA, 100 mg-L~! NAD, 100 mg-L~! GA3 and 250-300 mg-L~! OA. Thus,
principal component analysis helped to delineate individual roles of PGRs with respect
to their concentrations in regulating various aspects of flower growth and antioxidant
attributes of African marigold.

Biplot (axes F1 and F2)

F2

-2

-8 -6 4 -2 0 2 4 6 8
F1

Figure 9. Principal component analysis among PGRs treatments and various flower growth and
antioxidant attributes of two cultivars of marigold (“Pusa Narangi Gainda” and “Pusa Basanthi
Gainda”). The treatments are shown in green colour, while variables of “Narangi” and “Basanthi”
are indicated by red and blue coloured labels, respectively. Abbreviations: FD—flower diameter;
FFW—flower fresh weight; FDW—flower dry weight; TP—total phenolics; TF—total flavonoids;
DPPH—DPPH free radical scavenging activity; RPA—reducing power ability.
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4. Discussion
4.1. Flowering Attributes

Plant growth regulators play an important role in flower production, which in small
amounts promotes or inhibits or quantitatively modifies growth and development [23].
In the current study, the impact of different PGRs on floral size, weight, and some an-
tioxidant attributes of two cultivars of African marigold, i.e., “Basanthi” and “Narangi”
was evaluated. In terms of floral diameter, both cultivars differentially responded to dif-
ferent PGRs. “Basanthi” exhibited a 60% increase in floral diameter under the influence
of 150 mg-L~! IBA, while “Narangi” showed its maximum response (48% enhancement)
under 300 mg-L_1 OA. ABA, NAD, GA3, and SA also increased the floral diameter of
marigold up to 35, 48, 34 and 34%, respectively (Figure 2). Riaz et al. [6], Mitchell and Stew-
art [24], and Dhuma et al. [25] reported similar results in marigold and tuberose under the
influence of ABA and NAD. The GA3-induced increment in floral diameter might be due
to more synthate translocation to only a fewer sink. A similar effect of GA3 was reported
earlier in marigold and chrysanthemum [26-30]. The increase in floral diameter under
the influence of SA was stated as the result of increased CO; assimilation, photosynthetic
rate and mineral uptake as supported by previous studies [31]. Some researchers reported
similar findings in calendula and marigold [32,33]. IBA plays a vital role in increasing cell
division [11], and hence found a promising way to improve floral diameter of marigold.
Our results about the influence of IBA and OA on floral diameter of marigold are supported
by previous findings in marigold, red firespike (Odontonema strictum), and henna (Lawsonia
Inermis) [34-37].

It was reported earlier that ABA is consistently effective at reducing water loss and
increasing flower fresh weight of bedding plants [38]. NAD represents one of the corner-
stones of cellular oxidation and is essential for plant growth and development [39]. In our
findings, “Narangi” exhibited 145% more fresh weight while receiving 800 mg-L~! GA;,
as compared to untreated plants, 57% more than the maximum observed in the plants of
“Basanthi”. The plants of both cultivars treated with PGRs exhibited more flower fresh
weight as compared to untreated plants (Figure 3). The increase in fresh weight of marigold
flowers with GA3 might be due to the production of bigger sized flowers. This might
be attributed to rapid synthesis in the cell, increase in cell size, cell elongation and rapid
translocation of assimilates to sink under the influence of phytohormones [40]. SA is an
emerging plant growth regulator that acts as signaling molecule in plants under biotic and
abiotic stresses in marigold. SA also exerts a stimulatory effect on different physiological
processes of plant growth [41]. In case of IBA treatment, the plants of both cultivars treated
with 150 mg-L~! IBA exhibited maximum flowers fresh weight. The reason behind the
increase in flowers’ fresh weight might be the enhancement of photosynthesis and max-
imum accumulation of photosynthates due to IBA application [42]. Similar results were
also reported in marigold [35,43,44].

In terms of flower dry weight, “Narangi” responded better to PGRs as compared to
“Basanthi”. The maximum flower dry weight under the influence of PGRs was observed
in the plants of “Narangi” when treated with 300 mg-L~! OA. The plants of “Basanthi”
receiving similar dose of NAD exhibited 69% more flower dry weight as compared to those
of untreated plants. Other applied PGRs i.e., ABA, GAj3, SA and IBA induced a significant
increase in flower dry weight of marigold up to 45, 53, 84 and 47%, respectively (Figure 4).
The results about ABA and GAj-induced floral dry weight are supported by previous
findings, stating the role of PGRs in reducing water loss in the plants [28,45-49]. The results
about IBA-induced flower dry weight was supported by Pacheco et al. [50] and Choudhary
et al. [51] in marigold, and Pal [52] in calendula. Moreover, it was also reported that dry
weight is well known to exhibit a high positive correlation with fresh weight of marigold
flowers [53,54].
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4.2. Antioxidant Attributes

Phenolic compounds are the secondary metabolites acting as antioxidants due to their
hydroxyl group [55]. PGRs play an important role in improving antioxidant capacity of the
plants. ABA was reported as having a key role in the enhancement of antioxidant capacity,
anthocyanins and phenolic content of bedding plants (i.e., Impatiens walleriana, Pelargonium
hortorum, Petunia hybrida, Tagetes patula, Salvia splendens, and Viola wittrockiana) [38]. In
the current study, the total phenolics (floral extract) of both cultivars of Tagetes erecta were
significantly influenced by different PGRs. Moreover, “Narangi” responded better to
PGRs as compared to “Basanthi”. The maximum phenolics were observed in the plants of

“Narangi” and “Basanthi” under the influence of 300 mg-L.~! OA and 800 mg-L~! NAD

(Figure 5).

The effect of different PGRs on total flavonoid contents of floral extract of Tagetes
erecta was found significant. ABA, NAD, GA3, SA, IBA and OA increased floral flavonoids
of marigold up to 70, 114, 185, 114, 188 and 120%, respectively. Marigold plants treated
with maximum dose (800 mg~L_1) of PGRs found having maximum flavonoids among
other PGR doses (Figure 6). The increase in flavonoid contents was earlier reported
in Taraxacum officinale [56] and Zinnia elegans [57] under the influence of GA3 and SA
application, respectively. IBA stimulated the production of total flavonoids in Thymus
vulgaris and Origanum vulgare, but decreased it in Ocimum basilicum [58,59]. Likewise,
OA-induced flavonoid contents were reported in Bellis perennis [60].

The DPPH free radical scavenging activity is considered as an acceptable mechanism
to evaluate the antioxidant activity of plants [61]. The plants of “Basanthi” showed a
variation of DPPH activity from the lowest value (7%) to the highest value (35.8%). The
plants treated with 100 and 800 mg-L~! IBA showed the highest value of free radical
scavenging activity. Similarly, the plants of “Narangi” also showed varied DPPH activity
from the lowest value (10%) to the highest value (35.8%). The plants of “Narangi” treated
with 300 mg-L~! OA exhibited maximum DPPH activity (Figure 7). Previously, it was
reported that methanolic extract of Tagetes erecta exhibited 15.63 to 95.34% DPPH scavenging
activity [62]. The antioxidant activity of plant extracts was found strongly associated with
the reducing power of bioactive compounds [63]. Thus, the reducing power ability of
marigold plants were determined. Our results suggest that the exogenously supplied PGRs
significantly improved the reducing power ability of both cultivars (Figure 8). Similar
findings in marigold were reported by some researchers [62,64].

5. Conclusions

PGRs play an important role in flower production, which in small amount promotes
or inhibits or quantitatively modifies growth and development. In the present study, foliar
application with different concentrations (0, 100, 150, 250, 300 and 800 mg-L_l) of ABA,
NAD, GA3, SA, IBA and OA proved to be successful for enhancing flowering and antioxi-
dant activity of two cultivars of African marigold. This was evidenced by the improved
diameter, fresh weight, dry weight, phenolics, flavonoids, DPPH free radical scavenging
activity and reducing power ability of flowers, in which the doses were increased to a
certain extent, after then a detrimental effect, although not lethal, was registered. Since
foliar applications of PGRs differentially regulate distinct aspects of flowers growth, spe-
cific concentrations of PGRs may help to achieve some specific quality objectives of the
flowers, commercially valuable. Among the foliar applied PGRs, 150 mg-L~! IBA proved
to be superior in terms of maximum floral diameter of “Basanthi”, whereas the maximal
flower fresh weight was recorded in the plants of “Narangi” receiving foliar application
of 800 mg-L~! GAj3. Regardless of the concentration, OA significantly improved flower
dry weight, total phenolic contents, total flavonoid contents and reducing power ability
of “Narangi”. The plants of “Basanthi” treated with 100 mg-L~! IBA exhibited maximum
DPPH free radical scavenging activity. The highest dose of the PGRs viz. 800 mg-L~! was
applied to evaluate its lethal effects on plant health. The results proved that this dose was
not harmful for plants, indicating the African marigold as a hardy plant. Overall, PGRs
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at specific concentrations may be used as an effective exogenous application strategy to
improve the flowering and antioxidant capacity of marigold flowers.
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