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1. INTRODUCTION

Tagetes patula L. used as pot plant, cut flower
and other uses in home gardens. Moreover,

ABSTRACT

During the two experimental seasons of 2016 and 2017, in the
Nursery of Ornamental Plants, Fac. Agric., Minia Univ. a pot
experiment was carried out to investigate the influence of soil
media and specific growth regulators on the flowering
characteristics and antioxidant activity (%) of Tagetes patula L.
plants.

When compared to clay or sandy media used during both
seasons, the clay/sandy medium produced more flowers quality
and quantity, measured as flower diameter, flower stalk length,
number of flowers per plant, and total flower fresh and dried
weights. Also, antioxidant activity (%) was increased in the
same soil media.

Spraying plans with growth regulators [alar at 1500 and
3000 ppm, phloroglucinol Anhydrous (PGA) at 150 and 300
ppm and 4-chlorophenoxy acetic acid (4-CPA) at 150 and 300
ppm] significantly increased all previous characters except
flower stalk length in both seasons. The growth regulator (PGA
at 300 ppm) was superior in this concern.

The best combination was growing marigold plants in
clay/sand media and spray by PGA at 300 ppm.

KEYWORDS: Tagetes patula — Flowers production — Alar —
PGA -4 CPA

Flowers are used in refreshing drinks and the
leaves are used for flavoring food, and at large
scale for the beautification of landscape gardens,

leaves and flower are edible (Facciola, 1990).
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indoor decoration and for making garlands
(Bown 1995 and Ogbu et al., 2021).

In heavy soil without enough drainage, the
development of root system is suppressed and
plants are most susceptible to soil borne diseases
(Beattle and White, 1992). On the other hand,
the light texture soils like sand were poor in
nutrients and organic matter. Supplemented
sandy media by conditioners like clay, improved
their physiological, biological and chemical
properties. Consequently, producing vigor
growth, reflected in to great flower production
as indicated by Kispotta and Nag (2023) on
Tagetes erecta; Ahmad et al. (2012) Gerbera
jamesonii; Padhiyar et al. (2017), on
chrysanthemum; Quan and Liang (2017) on
Lycoris aurea; and Kumar et al. (2022) on
Calendula officinalis.

Plant growth regulators play vital role in flower
production as emphasized by Kalaimani et al.
(2017) on Tagetes; Karlovi¢ et al. (2004) on
chrysanthemum; Uddin et al. (2011) on potted
gerbera and Amin et al. (2017) on tuberose.
Thus, the purpose of this study was to examine
how various soil medium and growth regulators
affect Tagetes patula L. plants flowering and
antioxidants activity.

2. MATERIALS AND METHODS

In the Nursery of Ornamental Plants, Fac.
Agric., Minia Univ. a pot experiment was
conducted in each of the two experimental
seasons of 2016 and 2017 to examine the effects
of soil media and certain growth regulators on
the B. flowering characteristics and antioxidant
activities of Tagetes patula L. plants.

Uniform French Marigold seedlings were
obtained from the Nursery of Floriculture plants,
Fac. Agric., Minia Univ. averaged 7 cm in height
and have 3 leaves, and were transplanted during
1% week of March in the two seasons of 2016 and
2017 in pot (30 cm) filled with 15.250 kg of
sandy, clay soil or mixture of them (1:1), two
transplants/pot. After 15 days, the transplants
were thinned to one plant/pot. Clay soil was
taken from The Ornamental Plants Nursery,
while, sandy soil was released from the
Agricultural Research & Experimental Centr
(new reclaimed soil). The physical and chemical
analyses of the two used soils were performed
according to the methods described by Jackson
(1973) as listed in Tables (a and b).

Table a. The physical and chemical analysis of the used sandy soil.

Soil character Values Soil Values
2016 2017 character 2016 2017
Physical properties: Soluble nutrients:
Sand (%) 89.11 86.39 Ca** (ppm) 132.0 151.0
Silt (%) 341 4.21 Mg** (ppm) 59.1 65.6
Clay (%) 7.48 9.40 Na* (ppm) 81.6 75.2
Soil type Sandy sandy K* (ppm) 14.8 224
Chemical properties: DTPA-Extractable nutrients:
pH (1:2.5) 8.13 8.21 Fe (ppm) 0.85 0.97
E.C. (dS/m) 1.26 1.34 Cu (ppm) 0.42 0.46
O.M. (%) 0.21 0.23 Zn (ppm) 0.34 0.37
CaCOs (%) 13.89 13.68 Mn (ppm) 0.53 0.59
Table b. The physical and chemical analysis of the used clay soil.
Soil character Values Soil Values
2016 2017 character 2016 2017
Physical properties: Soluble nutrients:
Sand (%) 48.22 46.91 Ca** (ppm) 31.75 32.61
Silt (%) 10.65 11.88 Mg** (ppm) 1.91 1.86
Clay (%) 41.13 41.18 Na* (ppm) 2.52 2.66
Soil type Clay Clay K* (ppm) 2.11 2.92
Chemical properties: DTPA-Extractable nutrients:
pH (1:2.5) 7.79 7.77 Fe (ppm) 8.63 8.74
E.C. (dS/m) 1.22 1.25 Cu (ppm) 2.07 2.12
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1.61
2.07

1.63
2.04

0.M. (%)
CaCOs (%)

Zn (ppm)
Mn (ppm)

2.69
8.27

2.78
8.32

The experiment was in split-plot design.
The three soil medias i.e., clay, sand and
clay/sand (1:1 v/v) treatments were occupied the
main plots, while, the sub-plots contained seven
treatments [control, alar at 1500 and 3000 ppm,
phloroglucinol anhydrous (PGA) at 150 and 300
ppm, and 4-chlorophenoxy acetic acid (4-CPA)
at 150 and 300 ppm].

The required quantities of alar were first
dissolved in a tiny amount of alcohol (C2HsOH),
and the volume was then raised to 1000 ml of
distilled water to achieve the proper
concentrations ~ of  alar.  Phloroglucinol
anhydrous (PGA) and 4-chlorophenoxy acetic
acid (CPA) were both dissolved in the required
volume of distilled water to create the stock
solution, which was then diluted prior to
spraying.

Using a hand sprayer, all growth
regulator treatments were sprayed to full
wetness three times at intervals of two weeks,
starting on April 1% and continuing through May
1%, For all growing seasons, the control
treatment was applied with tab water.

The flowers were collected five times
with a week interval, starting from 8™ October
till 12" November, in both seasons (8", 15™,
22" 29" October and 5" November). The
following flower characteristics were recorded:
flower stalk length (cm), flower diameter (cm),
and flower yield, fresh and dry weights per plant
(9). In addition, at the end of the experiment,
antioxidant activity (%), in the second season
only were determined according to Ruzicka and
Hansen (1988).

The data for each parameter included in the
study were exposed to an Analysis of Variance
(ANOVA) using the computer program
MSTAT-C (1986). The means were compared
using the Least Significant Difference approach,
the factors mean were checked at 5% probability
level.

3. RESULTS
3.1.Flowering characteristics:

The effect of soil media, growth regulators
and their combinations on flowering of Tagetes
patula was presented in Tables (1 and 2). It is
obvious that soil media significantly enhanced
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flowering production i.e., mean flower diameter,
mean flower stalk length, total number of
flowers per plant, and total flowers fresh and dry
weights per plant. The clay/sandy medium
worked better than both of clay or sandy medium
alone throughout the experimental period, as
gave 2.89 and 2.94 cm for mean flower diameter,
8.62 and 9.82 cm for mean flower stalk length,
46.47 and 49.01 flowers, 79.25 and 94.75 g
flower fresh weight, 29.59 and 31.18 g flower
dry weight, during both seasons, respectively.
Moreover, the increase in flowers yield per plant
reached 13.17 and 11.26% over clay medium
and reached 44.59 and 55.59% over sandy
medium in both seasons, respectively.

It could be enhancing flower production
and quality in sandy soil by adding various
conditioners as mentioned by Kispotta and Nag
(2023) on Tagetes erecta; Ahmad et al. (2012)
Gerbera jamesonii; Padhiyar et al. (2017), on
chrysanthemum; Quan and Liang (2017) on
Lycoris aurea; and Kumar et al. (2022) on
Calendula officinalis.

All  flowering characteristics were
enhanced by using the three growth regulators at
various used concentrations, except the mean
flower stalk length  throughout both
experimental seasons relative to untreated
plants. It is observed that the high concentration
of PGA was more effective than other used
growth regulators, followed by CPA, then alar.
The highest increase in flower mean diameter
reached 14.45 and 13.64%, total number of
flowers 104.10 and 98.84%, flower fresh weight
96.15 and % 116.75, and flower dry weight
93.90 and 94.01% over the control during both
seasons, respectively. On contrarily, the
decrease in mean flower stalk length due to PGA
at 300 ppm recorded 15.7 and 14.8% under the
control, in both seasons, respectively.

In close to our findings were those
obtained by Kalaimani et al. (2017) on Tagetes;
Karlovi¢ et al. (2004) on chrysanthemum; Uddin
et al. (2011) on potted gerbera and Amin et al.
(2017) on tuberose.

For both seasons, there was a considerable
interaction effect between soil media and growth
regulators for flowering characteristics. The best
interactions over all were plants cultivated on
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clay/sand media and sprayed with PGA at 300
ppm, followed by 4-CPA at 300 ppm.
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Table 1. Response of flower diameter, stalk length and yield per plant of French marigold to soil media, growth regulators and their interaction
treatments during both seasons.

Soil media treatments (A)

tr(e;a;mt:tsr?gglr?lt)o(g)s Clay Sand Clay/sand Mean (B) Clay Sand Clay/sand Mean (B)
The first growing season (2016) The second growing season (2017)
Flower diameter (cm)
Control (Without) 2.59 2.41 2.68 2.56 2.66 2.51 2.76 2.64
Alar at 1500 ppm 2.65 2.50 2.76 2.64 2.75 2.61 2.84 2.73
Alar at 3000 ppm 2.71 2.57 2.83 2.70 2.79 2.68 2.89 2.79
PGA at 150 ppm 291 2.70 2.98 2.86 2.92 2.80 3.01 291
PGA at 300 ppm 2.96 2.79 3.05 2.93 3.01 2.90 3.09 3.00
4-CPA at 150 ppm 2.86 2.67 2.93 2.82 2.88 2.79 2.98 2.89
4-CPA at 300 ppm 2.90 2.73 2.98 2.87 2.92 2.83 3.00 2.92
Mean (A) 2.80 2.62 2.89 2.77 2.85 2.73 2.94 2.84
L.S.D.at5% A: 0.06 B: 0.05 AB: 0.09 A:0.06 B: 0.04 AB: 0.07
Flower stalk length (cm)
Control (Without) 8.99 8.08 9.90 8.99 9.95 8.74 10.97 9.89
Alar at 1500 ppm 8.47 7.54 8.77 8.26 9.31 8.09 10.27 9.22
Alar at 3000 ppm 8.14 6.93 8.22 7.76 8.64 7.58 9.56 8.59
PGA at 150 ppm 8.37 7.58 8.91 8.29 9.14 8.14 10.19 9.16
PGA at 300 ppm 7.75 6.85 8.13 7.58 8.51 7.42 9.35 8.43
4-CPA at 150 ppm 8.18 7.40 8.56 8.05 9.11 8.07 9.63 8.94
4-CPA at 300 ppm 7.31 6.48 7.84 7.21 8.03 7.15 8.76 7.98
Mean (A) 8.17 7.26 8.62 8.02 8.95 7.88 9.82 8.89
L.S.D.at5% A:0.75 B: 0.63 AB: 1.09 A:0.81 B: 0.69 AB: 1.20
Flower yield per plant
Control (Without) 24.01 17.67 31.20 24.29 27.40 20.93 34.74 27.69
Alar at 1500 ppm 31.76 20.10 35.25 29.04 32.99 23.33 37.76 31.36
Alar at 3000 ppm 36.42 24.82 40.33 33.86 38.31 27.81 42.91 36.34
PGA at 150 ppm 46.66 30.55 51.41 42.87 50.66 33.66 52.69 45.67
PGA at 300 ppm 52.94 31.51 64.27 49.57 58.21 41.01 65.97 55.06
4-CPA at 150 ppm 42.81 30.72 48.64 40.72 45.98 35.66 51.79 44.48
4-CPA at 300 ppm 47.87 34.99 54.19 45.68 50.88 38.09 57.18 48.72
Mean (A) 40.35 27.19 46.47 38.01 43.49 31.50 49.01 41.33
L.S.D.at5% A: 3.55 B: 211 AB: 3.66 A:4.44 B:2.18 AB: 3.78
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Table 2. Response of flower fresh and dry weights per plant of French marigold to soil media, growth regulators and their interaction treatments
during both seasons.

Soil media treatments (A)

Growth regulators

treatments (ppm) (B) Clay Sand Clay/sand Mean (B) Clay Sand Clay/sand Mean (B)
The first growing season (2016) The second growing season (2017)
Flower fresh weight per plant (g)
Control (Without) 46.72 35.08 55.93 4591 55.09 42.43 61.89 53.14
Alar at 1500 ppm 54.39 41.91 64.54 53.61 71.07 51.82 77.39 66.76
Alar at 3000 ppm 64.02 47.87 74.91 62.27 79.68 60.44 86.14 75.42
PGA at 150 ppm 77.27 60.38 86.15 74.60 100.29 72.80 108.10 93.73
PGA at 300 ppm 90.63 70.69 108.83 90.05 121.97 83.72 139.84 115.18
4-CPA at 150 ppm 60.70 49.89 78.90 63.16 77.49 59.85 89.99 75.78
4-CPA at 300 ppm 67.62 55.96 85.50 69.69 86.43 68.19 99.88 84.83
Mean (A) 65.91 51.68 79.25 65.61 84.57 62.75 94.75 80.69
L.S.D.at5 % A:7.12 B:4.11 AB: 7.12 A:8.14 B: 4.85 AB: 8.40
Flower dry weight per plant (g)

Control (Without) 17.43 13.36 20.80 17.20 18.90 14.48 21.77 18.38
Alar at 1500 ppm 20.60 15.30 23.24 19.71 22.00 16.85 24.98 21.28
Alar at 3000 ppm 23.69 16.78 27.97 22.81 25.50 19.01 28.88 24.46
PGA at 150 ppm 29.03 21.07 32.08 27.39 30.54 23.83 34.82 29.73
PGA at 300 ppm 34.64 25.43 39.98 33.35 37.47 27.79 41.76 35.67
4-CPA at 150 ppm 25.16 18.43 30.88 24.82 27.68 19.99 32.38 26.68
4-CPA at 300 ppm 27.73 20.80 32.15 26.89 29.81 22.77 33.68 28.75
Mean (A) 25.47 18.74 29.59 24.60 27.41 20.67 31.18 26.42
L.S.D.at5 % A:3.11 B: 2.06 AB: 3.57 A:3.71 B: 2.13 AB: 3.69
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3.2.Antioxidant activity (%0):

According to Table (3), plants grown in
clay/sandy medium had the highest antioxidant
activity (%) than other soil mediums throughout
the experimental period. Both clay/sandy and
clay mediums were significantly increased
antioxidant activity (%) than sandy medium
alone in the second season, without significant
differences were detected between such two
superior media.

Data in the same Table confirmed that, in
relation to the control, all three growth regulator
treatments were enhanced antioxidant activity
(%), except alar at 3000 ppm, which decreased
the antioxidant activity facing the control during
the second season. The high concentrations were
more effective the low concentration of each
one. PGA (150 ppm) take the first order,
followed by 4-CPA (150 ppm) in the second
order, then alar (1500 ppm) came in the last
order.

According to Pollterait (1997), antioxidants
are radical scavengers that shield the body from

free radicals, which can lead to pathological
disorders including anemia, asthma, arthritis,
inflammation, neurodegeneration, Parkinson's
disease, Down syndrome, aging, and perhaps
dementia.

By using naturally occurring antioxidant
chemicals found in food and medicinal plants,
free radicals can be scavenged by
chemoprevention (Borelli, and 1zzo, 2000). It
has been demonstrated that some medicinal
plants may treat human illnesses as well as act as
chemopreventives (F’guyer et al., 2003 and
Jaleel et al., 2009). Jaleel et al. (2007) concluded
that all plant growth regulators (including alar,
phloroglucinol anhydrous and 4-chlorophenoxy
acetic acid) increased the enzymatic
antioxidants  like  Ascorbate  peroxidase,
Superoxide dismutase, catalase, peroxidase and
polyphenol oxidase activities of plants.

For antioxidant activity in the second
season, there was no significant effect due to the
interaction between the main and sub-plots.

Table 3. Response of antioxidants activities of French marigold to soil media, growth regulators
and their interaction treatments during the second season only (2017).

Growth regulators

Soil media treatments (A)

treatments (ppm) (B) Clay Sand Clay/sand Mean (B)
Control (Without) 79.5 73.4 79.9 77.6
Alar at 1500 ppm 82.4 80.9 82.7 82.0
Alar at 3000 ppm 77.7 66.4 78.9 74.3
PGA at 150 ppm 83.1 82.7 84.0 83.3
PGA at 300 ppm 82.2 79.7 82.9 81.6
4-CPA at 150 ppm 82.5 81.1 83.4 82.3
4-CPA at 300 ppm 81.1 78.8 81.4 80.4
Mean (A) 81.2 77.6 81.9 80.2
L.S.D.at5 % A 41 B:24 AB: N.S.

4. DISCUSSION

proper nursery management starts with choosing
a proper growth environment, which is also
essential for a robust and healthy root system,
strong and healthy plants, high-quality flowers,
and production. Field soil or a combination of
several types of accessible soils with conditioner
made for the ideal habitat (Hartmann et al., 2007
and Rahbarl et al., 2013).

In order to create compact plants and accelerate
or postpone the flowering phase in order to
produce more blooms, several plant growth
regulators were employed (Kumar et al. 2011).
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