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ABSTRACT

The field trial was undertaken at Horticulture Polytechnic, ASPEE College of Horticulture, Navsari
Agricultural University, Navsari, Gujarat, India during the Summer, 2023 undertaken to assess on the
“Effect of biostimulants and PGRs on flowering characters and yield of gaillardia (Gaillardia pulchella)
cv. Local”. The experiment was laid out in Randomized Block Design (RBD) with three replications
with of eleven treatments of biostimulants and PGRs viz; Novel Organic Liquid Nutrients 0.5 %, Novel
Organic Liquid Nutrients 1 %, Cow urine 1%, Cow urine 2%, Vermiwash 1 %, Vermiwash 2 %, BA 50
ppm, BA 100 ppm, GA; 50 ppm, GA; 100 ppm and control (water spray). The treatments were applied
as foliar spray to the plants at 30 and 45 days after transplanting. The results demonstrated that the
flowering traits varied depending on different treatments at 60 and 90 DAT. Regarding flowering
parameters, the foliar application of GA; @ 100 ppm resulted in the highest flowering duration (60.13
days) and the earliest bud emergence (38.33 days). Other floral characteristics, such as bloom longevity
(12.23 days) and flower diameter (8.46 cm) were determined to be at their highest with treatment BA @
100 ppm. While, the maximum shelf life (9.80 hours) found with Novel Organic Liquid Nutrients 1%
and average weight of flowers (6.30 g) were found maximum with the Cow urine 1 %. In terms of yield
parameters, such as number of flowers per plant (83.40), yield per plot (2896.77 g) and yield per hectare
(20116 kg) found better with application of GA; @ 100 ppm.
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Introduction

Gaillardia belongs to asteraceae family, native of
North America and Mexico. It is popularly known as
“Blanket Flower”. The common name may refer to the
resemblance of inflorescence to the brightly patterned
blankets made by Native Americans or to the ability of
wild taxa blanket the ground with colonies. There are
more than 30 species of gaillardia, out of which
Gaillardia pulchella and Gaillardia aristata are of
horticultural importance (Bose and Yadav,1989).
Gaillardia has religious value due to dominant yellow
coloured flowers which are used for worship and also
used for preparation of garlands, veni and for
decoration during social functions. It is mainly grown
for loose flowers but in some flower arrangements, it
can be used as cut flowers. It's glamouring colours are

best for vase arrangement. It is one of popular minor
loose flower crop and a summer annual. Gaillardia can
also be use in mixed border, edging and carpet
bedding. The plant also has an anti-tumour activity.
The genus gaillardia was named in honour of French
botanist “Gaillard de Marentoneau”. It is one of the
most popular flowers in India because of its easy
cultivation, wide adaptability to varying soils and
climatic conditions with long duration of flowering and
attractive flower colours. Among the flowers used for
domestic market, gaillardia (Gaillardia pulchella) is
one of the important commercial flowers.

Plant growth regulators (PGRs) are defined as
organic compounds other than nutrients which can
regulate, modify or enhance growth processes in plants
at very low concentrations. PGRs interrupt
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physiological pathways of hormones and enzymes,
which disrupts normal growth (Danielson, 2005) which
ultimately affect the plant growth, yield and quality of
flowers. These growth substances are certainly
required for the complete growth and development of
plant.

Gibberellic acid is known for increasing cell
elongation, cell division, delayed senescence, break
seed dormancy, root initiation, stimulate flowering,
plant height, number of leaves, chlorophyll content,
while gibberellic acid also reduce the juvenile period
for flowering and improving quality and vyield.
Flowering is a complex process that occurs in response
to environmental factors as photoperiod, temperature,
light intensity and spectrum (Ben Tal, 2000).
Gibberellins are able to replace some of these factors
and induce flowering. Application of GA; on the
majority of long-day and cold requiring plants to
induce flowering.

Benzyl adenine has been used as one of the
sources that maintain or increase the quality of various
ornamental plants (Han, 2001). It has been
demonstrated that applying benzyl adenine affects
numerous other physiological and developmental
processes, reduces leaf chlorosis, increases vase life
and delays the senescence by blocking the production
of ethylene (Cook et al., 1985), nutrient mobilization,
apical dominance, formation and activity of shoot
apical meristem, floral development, combating
drought stress in plants (Waterland et al., 2010).

A biostimulant is defined as an organic material
and micro-organism that is applied for enhance an
organic nutrient uptake, stimulate growth, enhance
stress tolerance or crop quality. Thus, the application
of nutrients in small doses applied more frequently
favours better growth and flower production (Sankari
et al.,, 2015). They are the materials other than the
fertilizers that promote the plant growth when applied
in minute quantities and are also referred as
‘metabolic enhancers’ (Hegde et al., 2018).

Novel Organic Liquid Nutrient is banana
pseudostem based organic liquid nutrient used as agro
inputs in all crops. It contains gibberellic acid (110.2—
205.0 ppm), cytokinin (137.8 — 244.3 ppm), N (0.062
%), P (0.018 %), K (0.180 %), Ca (0.031 %), Mg
(0.092 %), S (0.010 %), Fe (109.3 ppm), Mn (5.73
ppm), Zn (2.92 ppm) and Cu (0.40 ppm) (Desai et al.,
2016).

Vermiwash, the extracted body fluid of
earthworms is also nutrient rich with components
promoting good plant growth (Gorakh Nath et al.,
2009). The dead worm’s tissue discharges nitrogen in

form of nitrates 25 %, ammonia 45 %, organic soluble
compound 3 % and other material 27 % (Satchell,
1967).

Cow urine is a good source of nitrogen,
phosphate, potassium, calcium, magnesium, chlorite
and sulphate. It contains 95% water, 2.5 % urea and
remaining 2.5 % contains mineral salts, hormones and
enzymes (Pradhan et al., 2018). It also contains growth
promoting chemical (auxin) and nutrients. Cow urine
has antibacterial, antifungal, antiviral properties; hence
it is most effective secretion of animal origin with
multitudinous therapeutic values. which purifies and
enhances soil fertility. However, cow urine has a good
manurial value and can be utilized as a bio fertilizer
(Ledgard et al., 1982).

Materials and Methods

The current investigation was undertaken out at
Horticulture  Polytechnic, ASPEE College of
Horticulture, Navsari Agricultural University, Navsari,
Gujarat during summer, 2023. The experiment consists
of eleven treatments of biostimulants and PGRs viz.,
Novel Organic Liquid Nutrients 0.5 %, Novel Organic
Liquid Nutrients 1 %, Cow urine 1%, Cow urine 2%,
Vermiwash 1 %, Vermiwash 2 %, BA 50 ppm, BA 100
ppm, GAs; 50 ppm, GA; 100 ppm and control (water
spray). The treatments were applied as foliar spray to
the plants at 30 and 45 days after transplanting. In
order to minimize sampling error, five randomly
chosen plants from each treatment were taken for
capturing information on several characters at the ideal
period of plant growth. For statistical analysis,
averages of the data from the sampled plants with
regard to various attributes were employed.

Results and Discussions
Days to First Bud Appearance

The flowering attributes as influenced by the
application of different doses of biostimulants and
PGRs presented in Table 1.

The Minimum days for first flower bud
appearance (38.33 days) was recorded in Ty - GA;3
@100 ppm which was statistically at par with Ty -
GA; @ 50 ppm (40.00 days) and T - Vermiwash 2 %
(41.13 days). whereas, The maximum days were noted
in T, - Control (50.33 days).

The balanced nutrition is of considerable
importance in improving the yield and reducing the
juvenile phase. Early flower bud appearance might be
due to auxin. The higher production of auxin at early
phase of growth would have contributed to early
flowering. GA; can promote early bud initiation by
activating genes involved in the transition from
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vegetative growth to reproductive growth. Specifically,
GA; can induce the expression of genes involved in the
synthesis of another plant hormone, florigen, which is
a key regulator of flowering. Florigen is produced in
the leaves in response to long-day conditions and is
transported to the shoot apical meristem, where it
triggers the transition to reproductive growth (Dabas et
al., 2001). By promoting the synthesis and signaling of
florigen, GA; can accelerate the transition from
vegetative growth to reproductive growth, leading to
early bud initiation. Similar results regarding early
flower bud appearance were also reported by Mounika
et al. (2019) in chrysanthemum.

Table 1: Effect of foliar application of biostimulants
and PGRs on days to first bud appearance (days) in
gaillardia

Days to first
Treatments bud appearance

(days)

T,: Control 50.33
T,: Novel Organic Liquid Nutrients 0.5 % 49.93
T,: Novel Organic Liquid Nutrients 1% 46.13
T, Cow urine 1% 46.53
Ts: Cow urine 2% 49.47
Te: Vermiwash 1 % 47.53
T;: Vermiwash 2 % 41.13
50 ppm 45.13
To: BA 100 ppm 46.13
T10: GA3 50 ppm 40.00
Ti: GA; 100 ppm 38.33
S.Em. + 2.39

C.D. @ 5% 7.07

CV.% 9.12

Flower Diameter (cm)

The flower diameter (cm) was affected through
application of different biostimulants and PGRs in
gaillardia furnished in Table 2. Maximum diameter of
flower (8.46 cm) was recorded by the application of
(To) BA @100 ppm which was statistically at par with
(T;) Vermiwash 2 % (8.03 cm). whereas, T, - Control
was recorded least in flower diameter (5.60 cm).

Flower size in terms of flower diameter is the
important parameter which decide the quality of
flower. Significant difference was observed among
different biostimulants and PGRs. Benzyl adenine at
100 ppm found best for large sized flower
development. The role of BA in promoting protein
synthesis, increasing cell division, cell enlargement
and chlorophyll synthesis (Cheema and Sharma, 1982),
Which lead to an increase in flower diameter. These
results are comparable with those obtained by Taranjit
and Madhu (2020) in chrysanthemum.
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Table 2: Effect of foliar application of biostimulants
and PGRs on flower diameter (cm) in gaillardia

Flower
Treatments diameter (cm)

T,: Control 5.60
T,: Novel Organic Liquid Nutrients 0.5 % 6.00
Ts: Novel Organic Liquid Nutrients 1% 6.48
T,: Cow urine 1% 6.54
Ts: Cow urine 2% 6.60
Te: Vermiwash 1 % 7.25
T,: Vermiwash 2 % 8.03
Tg: BA 50 ppm 7.17
To: BA 100 ppm 8.46
Tio: GA3; 50 ppm 6.25
Ty GA; 100 ppm 6.35
SEm. 0.34

C.D. @ 5% 1.01

CV.% 8.73

Flowering Duration (days)

The flower duration (days) was affected through
application of different biostimulants and PGRs in
gaillardia furnished in Table 3.

The longest flowering duration (60.13 days) was
recorded by the application of GA; @ 100 ppm (Ty)
which was statistically at par with application of GA;
@ 50 ppm (Tyo) having period of flowering duration
(57.13 days) followed by Vermiwash 2 % (55.00 days).
The shortest flowering duration (42.62 days) was
observed in the treatment T, - Control.

Gibberellic acid spray recorded a significant
longest flowering duration due to advanced bud
formation and early flowering in GA; treated plants.
Enhanced flowering duration was also recorded by
Patel et al. (2018) in limonium. Prolonged flowering
duration owing to GA; was also documented by Kumar
et al. (2020) in marigold.

Table 3: Effect of foliar application of biostimulants
PGRs on flowering duration (days) in gaillardia

Treatments F!ower
duration (days)

T,: Control 42.67
T,: Novel Organic Liquid Nutrients 0.5 % 48.93
T,: Novel Organic Liquid Nutrients 1% 49.13
T, Cow urine 1% 44.60
Ts: Cow urine 2% 47.80
Tes: Vermiwash 1 % 51.80
T,: Vermiwash 2 % 55.00
50 ppm 50.93
Ty: BA 100 ppm 50.73
T10: GA3 50 ppm 57.13
Ty GA; 100 ppm 60.13
S.Em. + 2.69

C.D. @ 5% 7.95

CV.% 9.2
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Longevity of flower (days)

The longevity of flower (days) was affected
through application of different biostimulants and
PGRs in gaillardia furnished in Table 4. The maximum
flower longevity (12.23 days) was recorded by the
application of BA @ 100 ppm (Tg) which was
statistically at par with application of BA @ 50 ppm
(Tg) having period of flowering longevity (11.60 days).
The shortest flower longevity (5.63 days) was observed
in the treatment T, - Control.

freshness and prolong their shelf life by promoting the
uptake and utilization of essential nutrients, enhancing
the antioxidant activity of flowers and regulating
stomatal opening and closing, which helps flowers to
maintain water balance and reduce water loss. The
similar results were recorded by Sathyanarayana et al.
(2017) in gladiolus, Desai et al. (2018) in tuberose,
Patel et al. (2020) in African marigold.

Table 5: Effect of foliar application of biostimulants
and PGRs on shelf life (hours) of flowers in gaillardia

The increased flower longevity of BA-treated Treatments S(E?)E:Is;e
inflores_cence may be dqe to decreased ethylene T,. Control 533
synthesis processes in the tissue of flowers (Bosse and [T, Novel Organic Liquid Nutrients 0.5 % 9.23
Van Staden, 1989) and decreasing of protein hydrolytic | T,: Novel Organic Liquid Nutrients 1% 9.80
enzymes activity lipoxygenase (Leshem et al., 1979). T,. Cow urine 1% 6.60
Also, it may attributed to its role in decreasing the Ts: Cow urine 2% 7.93
respiration rate of kinetin treated flowers (MacLean | Te: Vermiwash1 % 8.07
and Dedolph, 1962). These results are comparable with Pf \é‘z'ggwssgz % 3-%

! R . . _
those obtained by Ramy et al. (2019) in gaillardia. T BA 100 ppm =50
Table 4: Effect of foliar application of biostimulants T GA; 50 ppm 8.47
and PGRs on longevity of flower (days) in gaillardia Ty GA;3 100 ppm 9.07
Treatments Longevity of S.Em. £ 0.24
flowers (days) C.D. @ 5% 0.69
T,: Control 5.63 CV.% 5.08
T,: Novel Organic Liquid Nutrients 0.5 % 7.93
T3: Novel Organic Liquid Nutrients 1% 8.13 Number of Flowers per Plant
T, Cow urine 1% 7.80
T.. Cow urine 2% 7.90 The data recorded on number of flowers per plant
T,. Vermiwash 1 % 9.33 have been presented in Table 6.
Ty: Vermiwash 2 % 10.16 The significantly maximum number of flowers per
E: gﬁ igopgg]m i;gg plant (83.40) were observed in the treatment T; (GAs
Ti‘): GA, 50 ppm 8.33 @ 100 ppm) which was significantly superior over rest
T,1: GAs 100 ppm 873 of the treatments. Minimum number of flowers (15.80)
SEm. + 0.45 was recorded in treatment (T,) Control.
C.D. @ 5% 1.34 Higher number of flowers per plant was attributed
CV.% 8.83

Shelf Life (hours)

Shelf life of flowers as affected by application of
different biostimulants and PGRs result depicted in
Table 5.

The shelf life (days) was significantly influenced
by various treatments at 75 % withering of flowers.
Maximum shelf life (9.80 hours) was recorded by the
application of Novel Organic Liquid Nutrients 1% (T5)
which was statistically at par with T, - Novel Organic
Liquid Nutrients 0.5 % (9.23 hours). While, minimum
shelf life (5.33 hours) was recorded with T, (Control).

This might be due to presence of micro and macro
nutrients as well as gibberellins with other hormones in
Novel Organic Liquid Nutrients which is quite
effective in reducing the juvenile period of the plants
(Patil et al., 2016). GA can help maintain their

to the production of large number of branches at the
early stage, which had sufficient time to accumulate
reserve carbohydrates for proper bud differentiation.
The same effect of GA; on number of flowers per plant
was observed by Patel et al. (2010) in chrysanthemum,
Montessori et al. (2013) in gladiolus, Parveen et al.
(2020) in marigold.

Table 6: Effect of foliar application of biostimulants
and PGRs on number of flowers per plant in gaillardia

Number of

Treatments flowers per
plant
T,: Control 15.80
T,: Novel Organic Liquid Nutrients 0.5 % 24.53
T5: Novel Organic Liquid Nutrients 1% 21.20
T, Cow urine 1% 23.53
Ts. Cow urine 2% 35.93
Ts: Vermiwash 1 % 31.67
T, Vermiwash 2 % 46.27
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Tg: BA 50 ppm 28.97
Te: BA 100 ppm 22.17
Tio: GA3; 50 ppm 63.93
Ty1: GA; 100 ppm 83.40
S.Em. + 1.85

C.D. @ 5% 5.45

CV.% 8.86

Average weight of flowers per plant

The average weight of five flowers (g) as affected
by the application of various treatments of
biostimulants and PGRs in gaillardia flowers is
furnished in Table 7.

Maximum average weight of five flowers (6.30 g)
was recorded through the application of Cow urine 1 %
(T4) which was statistically at par with Ts - Cow urine
2% (5.87 g) and Ty - BA @100 ppm (5.73 Q).
Minimum weight of five flowers (1.80 g) was noted in
T, - Control.

Cow urine contains a variety of elements that can
potentially contribute to increasing the weight of
flowers. Cow urine contains nutrients such as nitrogen,
phosphorus, manganese, potassium, other minerals,
hormones and enzymes that can improve plant growth
and health. When used as a fertilizer or biostimulant,
cow urine can enhance the plant's ability to absorb
nutrients, increase chlorophyll content and promote
photosynthesis. These factors can collectively lead to
better plant growth and potentially an increase in
flower weight (Rathore et al., 2016).

Table 7: Effect of foliar application of biostimulants
and PGRs on average weight (g) of flowers in
gaillardia

Treatments Av_erage weight

of five flowers (g)
T, Control 1.80
T,: Novel Organic Liquid Nutrients 0.5 433

% .

T,: Novel Organic Liquid Nutrients 1% 3.80
T, Cow urine 1% 6.30
Ts: Cow urine 2% 5.87
Te: Vermiwash 1 % 4.40
T;: Vermiwash 2 % 3.33
Tg: BA 50 ppm 5.33
To: BA 100 ppm 5.73
Ti0: GA3 50 ppm 3.40
Ti: GA; 100 ppm 3.80
S.Em. + 0.25
C.D. @ 5% 0.75
CV.% 10.03

Flower Yield per Plot (g) and Hectare (kg)

The data on flower yield per plot is presented in
Table 8

The maximum flower yield per plot (2896.779)
was recorded in the treatment T1; GA; @ 100 ppm and
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it was at par with the treatment Ty, (GA; @ 50 ppm)
(2730.63 gm). The lowest flower yield per plot
(1982.47 g) was observed in the treatment (T,)
Control.

Moreover, maximum flower production per
hectare (20116 kg) was also recorded in T1; - GA; @
100 ppm which was statistically at par with T, - GAs
@ 50 ppm (18962.61 kg). Minimum flower production
per hectare (13767 kg) was obtained in T, - Control.

The most impressive yield of flowers per plant,
plot and hectare was recorded with treatment GA; at
100 ppm. This is attributed to the production of large
number of laterals at an early stage of growth, which
leads sufficient time to accumulate reserve
carbohydrates for proper flower bud differentiation
(Dutta et al, 1993). Increased number of flowers per
plant was observed because of the production of large
number of branches and more plant spread due to GA;
application. After successful vegetative phase only, the
plant could step into reproductive phase with better
yield. This result finds support from the findings of
(Poshiya et al, 1995) in gaillardia.

Similar results were found by Patel et al. (2010) in
chrysanthemum, Singh et al. (2018) in marigold,
Kumar et al. (2020) in marigold.

Table 8: Effect of foliar application of biostimulants
and PGRs on flower yield per plot (g) and per hectare
(kg) in gaillardia

Yield of flowers
Treatments Per plot|Per ha

(9 | (ko)

T,: Control 1982.47 | 13767
T,: Novel Organic Liquid Nutrients 0.5 % 2107.43 | 14635
T3: Novel Organic Liquid Nutrients 1% 2161.47| 15010
T, Cow urine 1% 2392.27 | 16613
Ts: Cow urine 2% 2464.93 | 17117
Te: Vermiwash 1 % 2523.70 | 17525
T,: Vermiwash 2 % 2623.50 | 18219
0 ppm 2050.37 | 14238
Ty: BA 100 ppm 2154.57 | 14962
T10: GA; 50 ppm 2730.63 | 18963
T11: GA; 100 ppm 2896.77 | 20116
S.Em. +| 118.14 |820.41
C.D. @ 5%| 348.51 |2420.2

CV.%| 8.63 | 8.63

Conclusions

According to the results collected, it is possible to
conclude that foliar application of GA; @ 100 ppm at
30 and 45 days after transplanting gave early flower
bud appearance, flowering duration, number of flowers
per plant and flower yield. Other floral characteristics,
such as bloom longevity and flower diameter were
determined to be at their highest with BA @ 100 ppm.
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While, the maximum shelf life hours found with Novel
Organic Liquid Nutrients 1% and average weight of
flowers were found maximum with the Cow urine 1 %.
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