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Abstract

An investigation was carried out to assess the effect of seed priming treatments and foliar application of paclobutrazol, on growth, flowering
and seed yield attributes in “Salvia splendens”. The study was structured using a randomized complete block design (RCBD) with sixteen
treatment combinations replicated thrice with plot size of 1.0 x 1.0 m and followed spacing as 30 x 30 cm. Among the seed priming treatments,
priming of seed in cow dung slurry for 24 hr significantly improved all the growth, flowering and yield parameters under study. Whereas,
among different doses of paclobutrazol, spraying of plants with 10.0 ppm paclobutrazol resulted in the highest values for plant spread (39.04
c¢m), number of branches per plant (10.78), number of spikes per plant (15.42), number of florets per spike (50.31), number of pods per plant
(460.80), seed yield per plant (6.48 g), per plot (58.27 g) except plant height (42.42 cm) and spike length (12.81 cm) which were highest in
control. The treatment combination, SPT, x PDs i.e. seed priming with cow dung slurry for 24 hr and foliar application of paclobutrazol at 10
ppm, exhibited highest values for plant spread (42.34 cm), number of branches per plant (12.03), number of spikes per plant (16.83), number
of florets per spike (60.67), number of pods per plant (546.03), seed yield per plant (7.36 g), per plot (16.83 g). However, the control lot (SPT, x
PD;) revealed maximum values for plant height and spike length as well. Accordingly, it may be inferred from the outcomes of the
investigation that seed priming with cow dung slurry for 24 hr along with the foliar application of paclobutrazol at 10.0 ppm is an appropriate

treatment combination for promoting the growth, flowering and seed production in salvia.
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Introduction

Salvia splendens Sellow ex Schult, a member of the Lamiaceae
family, is a popular winter season annual flower. It is commonly
called as scarlet sage or tropical sage and is native to Brazil. The
genus Salvia contains over 900 species worldwide (1). Salvia is
often referred to as ‘red sum’ or fire flower’ due to its striking,
vibrant red colour. It grows up to a height of 90 cm depending
upon species/ genotype, climate and growing environment (2). It is
regarded as an attractive or valuable bedding or potted plant,
mostly because of its decorative qualities and prolonged
ornamentation of flowering, It is also an excellent flowering plant
for rock gardens as well as border areas. It produces a perfect bell-
shaped flower with two-lips in top of the inflorescences, which
emerge through the bracts and start blooming at the beginning of
summer and continue till autumn (3). Salvia splendens can
contribute to creating biodiversity hotspots by attracting a wide
range of pollinators, including bees, butterflies and hummingbirds,
which in turn helps in supporting other plant species and wildlife.
Hence, this plant holds a valuable place in enhancing the aesthetic
value of landscapes and the natural world, too. Therefore, salvia is

an important herbaceous plant for its aesthetic appeal, ecological
contributions and ease of cultivation, including its potential roles in
education, research and cultural significance as well.

Seasonal flowers are much in demand all over the world
for enhancing the beauty of our landscape gardening (4). They
serve as an essential component in both indoor and outdoor
gardening. Salvia is utilised more frequently in landscaping to alter
the colour scheme of the gardens in accordance with the season
and necessity because of its short duration and colourful bloom:s.
Most annual flowers are propagated through seeds. The seed
market for flowering annuals has also grown to be an important
industry due to their huge demand in global floricultural trade.
There are various factors that have developed the potential of
commercial floriculture, which include an increase in population
and the aesthetic taste of the people. As a result, the demand for
annual flower seeds for house landscaping, educational institutes,
farm complexes, roadways and industrial units has expanded
potentially worldwide.

The need for upgrading seed quality is primarily warranted
for addressing the necessary demand for high standards of seeds in
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the global floriculture trade. It is widely acknowledged that the best
crop performance can only be achieved with high-quality seed,
prompt and uniform seedling emergence, which ultimately results
in a healthy crop stand. Seed priming is a method of improving seed
performance by any post-harvest or physico-chemical treatment or
organic priming, resulting in better storability, improved
germination and field performance over a wide range of climatic
conditions. Improved seed priming techniques are used to reduce
emergence time, accomplish uniform emergence, better allometric
(changes in growth of plant parts over time) attributes and requisite
stand in many horticultural and field crops (5). Organic priming
agents such as cow dung slurry and cow urine are rich in readily
available macro and micronutrients, beneficial microorganisms
(including plant growth-promoting rhizobacteria) and biologically
active metabolites that stimulate early metabolic repair processes
during imbibition. These inputs have been shown to enhance
enzymatic activation, nutrient uptake efficiency and early vegetative
growth in various crops. Despite their increasing use in sustainable
agriculture, the role of organic priming agents in ornamental seed
crops, particularly for seed yield enhancement in Salvia splendens,
remains poorly explored.

A priming tool can be successfully used in salvia seeds to
alleviate the problems of poor and slow seed germination, which in
turn will ensure larger benefits to the commercial growers as there
will be no crop failure due to poor germination and consequently
quality of plant growth, vigour and flowering will be better (6-8).
Further growth retardants have been proven to be of immense
importance in controlling plant height. Most of the available
retardants, including paclobutrazol, are primarily used to retard the
plant height, besides improving other quality attributes.
Paclobutrazol aims to reduce the length of the internodes and to
reduce the size of plants for efficient utilisation of the area and
increasing the marketing value of vegetative and flowering groups,
in addition to the stem strength and hardness, along with
condensed growth (9).

Although paclobutrazol is traditionally used as a growth
retardant, several studies indicate that it also alters source-sink
relationships by suppressing excessive vegetative growth and
enhancing assimilate allocation toward reproductive organs,
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Fig. 1. Field view of Salvia splendens plots at peak flowering under different treatment combinations.
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thereby improving reproductive efficiency and seed yield (10, 11).
While paclobutrazol is extensively used to control plant height and
improve ornamental quality in salvia and other bedding plants, its
potential role in improving reproductive efficiency and seed yield
through altered source-sink relationships has received limited
attention.

Thus, practising seed priming will be very economical for the
seed companies in terms of high returns from export of primed
seeds as well as for the growers, as higher seed cost will be
compensated by the improved germination values, production of
stocky seedlings, as well as better growth and flowering attributes.
So much so, the application of different growth retardants had also
been utilised in various flower crops, including salvia, to improve
plant growth, flowering and seed production as well. Considering
the aforementioned information, the investigation was conducted
to examine the effects of seed priming for enhancing early vigour
and reproductive potential, while an optimum dose of paclobutrazol
could redirect vegetative growth toward reproductive output,
ultimately improving seed yield in Salvia splendens.

Materials and Methods

The field experiment was carried out at the Experimental Farm of
the Department of Seed Science and Technology, Dr YS Parmar
UHF Nauni, Solan (HP), to evaluate the effect of seed priming
treatments and foliar application of paclobutrazol, on growth,
flowering and seed yield attributes in salvia. An overview of the
field trial is shown in Fig. 1. The experimental farm is located at an
altitude of 1060 m above mean sea level having latitude of 30.51° N
and a longitude of 77.10° E. The experimental area falls under the
mid-hill zone of Himachal Pradesh. The climate, in general, is sub-
temperate and sub-humid, mostly characterised by mild summers
and cool winters. Generally, May and June are the hottest months,
while January and February are the coldest. Seeds of Salvia
splendens cv. Flamex-2000 were obtained from the Department of
Seed Science and Technology, Dr YS Parmar University of
Horticulture and Forestry, Nauni, Solan, Himachal Pradesh, India.
The seeds were primed with cow dung slurry for 24 hr, cow urine at
10 % for 12 hr and GAs seed priming at 150 ppm for 12 hr. The slurry
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was prepared by combining fresh cow dung and water in equal
proportions (1:1). The nursery was raised using primed seeds along
with a control seed lot under polyhouse conditions in the month of
October and was transplanted after 4 weeks. There were total 16
treatment combinations comprising of three seed priming
treatments viz., SPT>(cow dung slurry for 24 hr), SPTs(cow urine at
10 % for 12 hr) and SPT. (GAs at 150 ppm for 12 hr) along with
control SPT; (no priming) and three doses of foliar application of
paclobutrazol viz., PD: (5 ppm), PD»(10 ppm) and PDs (20 ppm)
along with control PD, (0 ppm) applied once at 40 days after
transplanting, Paclobutrazol (25% ai) solutions were prepared by
dissolving 0.02, 0.04 and 0.08 mL of the commercial formulation in
1 L of water to obtain 5, 10 and 20 ppm concentrations,
respectively. The paclobutrazol solution was applied as a foliar
spray using a hand sprayer at a spray volume of 200 mL solution
per plot. The experiment was laid out in a randomised complete
block design (factorial) at a spacing of 30 x 30 cm in the plot size of
1.0 x 1.0 m replicated thrice. Observations on various parameters,
viz., plant height (cm), plant spread (cm), number of branches per
plant, number of flower spikes per plant, number of pods per plant
and seed vyield (g/plant and kg/h) were recorded as per the
standard procedures. The number of pods per plant was
determined by counting all pods present in each plant per
experimental plot. Seeds were harvested in the month of April. For
estimation of seed vyield per plant, plants were harvested
individually at maturity, seeds were separated by hand threshing
and the final seed weight was recorded on an individual plant
basis. The data were statistically analysed through a randomised
complete block design (factorial) and the significance of the data
was calculated with two-way ANOVA using windows-based
computer application OPSTAT(12, 13). Treatment means were
compared using the critical difference (CD) test at 5 % level of
significance (@=0.05) following analysis of variance.

Results and Discussion
Plant height (cm)

The data presented in Table 1 indicate significant variation in plant
height due to different levels of seed priming and paclobutrazol
doses. Among seed priming treatments, maximum plant height
(37.01) was observed in SPT,i.e. seed priming with cow dung slurry
for 24 hr whereas minimum plant height (29.97) was reported in
SPT.i.e. control. The data in Table 2 represent the doses of
paclobutrazol. The maximum plant height (42.42) was observed in
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PD.i.e. 0 ppm paclobutrazol, whereas the minimum plant height
(28.11) was observed in PDsie. plants sprayed with 20 ppm
paclobutrazol. The data in Table 3 showed that the interaction effect
of priming treatments along with the doses of paclobutrazol have
significant effect on plant height. The maximum plant height (46.51)
was observed in SPT; PDx (i.e., seed priming with cow dung slurry for
24 hr + 0 ppm paclobutrazol), whereas the minimum (23.40) plant
height was revealed in SPT:PD4(i.e, no seed priming + 20 ppm
paclobutrazol). Seed priming with cow dung slurry for 24 hr
consistently produced taller plants compared to the control,
indicating enhanced seed vigour and early seedling establishment.
This can be explained through their contrasting physiological roles in
early seed metabolism and subsequent hormonal regulation. Cow
dung slurry is rich in beneficial microflora, including plant growth-
promoting rhizobacteria (PGPR), which enhances enzymatic activity
during germination. Increased activity of hydrolytic enzymes such as
a-amylase facilitates rapid starch breakdown in the endosperm,
supplying readily available sugars that support early seedling growth
and subsequent vegetative development. In addition, cow dung
slurry provides readily available macro and micronutrients along
with biologically active compounds that may stimulate endogenous
synthesis of growth-promoting hormones such as auxins and
gibberellins, ultimately resulting in enhanced cell elongation and
increased plant height. The results agree with the findings in maize
fodder and carrot respectively (14, 15).

On the other hand, with an increase in the dose of
paclobutrazol, plant height reduces because the isoprenoid
pathway is altered, which prevents the synthesis of GAs, lowers the
production of ethylene and eventually increases the amount of
cytokinins and abscisic acid. They are used to controllably reduce
plant height without causing phytotoxicity to plants or altering their
developmental patterns. The primary effect of paclobutrazol in
plants is the inhibition of gibberellin biosynthesis, resulting in
reduced plant height and altered source-sink relationships through
the redistribution of carbohydrates from the shoot apex to other
plant organs. The significant variation in plant height observed under
different seed priming treatments and paclobutrazol doses can be
explained through their contrasting physiological roles in early seed
metabolism and subsequent hormonal regulation. Similar
physiological responses associated with paclobutrazokinduced
gibberellin inhibition and growth modulation have been
documented in Ker- Gawl cultivar of Salvia splendens, black iris,
Salvador red, Vista red cultivars of Salvia splendens and Pelargonium
zonal (16-19)

Table 1. Effect of different seed priming treatments on growth and flowering of salvia (Pooled data of 2 years)

. Plant height Plant spread Number of branches per Days to first Number of spikes per

Treatment details (cm) (cm) plant P flzwering plan': P
Seed Priming treatments

Control (No Priming) 29.97 29.52 8.03 55.92 11.51

Cow Dung Slurry (24 hr) 37.01 39.90 10.53 53.83 14.84

Cow Urine at 10 % (12 hr) 34.86 35.60 9.06 54.83 13.79

GAsat 150 ppm (12 hr) 36.40 39.01 9.61 53.38 14.49

CDo.os 0.45 0.41 0.21 0.36 0.24

SE(m) 0.16 0.15 0.06 0.13 0.08

Table 2. Effect of foliar application of paclobutrazol on growth and flowering of salvia (Pooled data of 2 years).

Plant height Plantspread  Number of branches per Days to Number of spikes
Paclobutrazol doses (cm) (cm) plant first flowering per plant
Control (0 ppm) 42.42 32.78 8.07 50.38 11.81
Paclobutrazol (5 ppm) 35.82 36.92 9.65 53.92 13.97
Paclobutrazol (10 ppm) 31.89 39.04 10.78 55.33 15.42
Paclobutrazol (20 ppm) 28.11 35.29 8.72 58.33 13.43
CDo.os 0.45 0.41 0.21 0.36 0.24
SE(m) 0.16 0.15 0.08 0.13 0.08
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Table 3. Interaction effect of different seed priming treatments and foliar application of paclobutrazol on growth and flowering in salvia

(Pooled data of 2 years)

. Plant height Plant spread Number of Days to first Number of spikes
Treatment details (cm) (cm) branches per plant flowering per plant
Seed priming treatments x paclobutrazol doses
SPT:x PD; 38.93 25.67 7.20 53.00 10.33
SPT1x PD; 31.85 31.08 8.23 54.67 11.50
SPT1 % PDs 25.71 32.83 9.17 56.00 13.13
SPT1 % PDs4 23.40 28.49 7.50 60.00 11.07
SPT, % PD; 46.51 38.80 8.63 49.00 12.53
SPT, % PD; 37.44 40.95 11.03 53.67 15.37
SPT.x PDs 34.07 42.34 12.03 55.17 16.83
SPT, X PD4 30.01 37.50 10.43 57.50 14.62
SPTsx PD, 40.63 35.33 8.17 50.83 12.00
SPT3x PD, 36.70 35.93 9.15 54.17 14.07
SPTsx PDs 33.47 39.82 10.53 55.67 15.30
SPT3%x PD4 28.65 31.33 8.40 58.67 13.78
SPT4x PD; 43.63 38.53 8.29 48.67 12.37
SPT4 % PD; 37.28 39.73 10.20 53.17 14.95
SPT4x PDs 34.30 41.16 11.40 54.50 16.40
SPT4 % PD4 30.40 36.60 8.53 57.17 14.23
CDo.os 0.90 0.82 0.42 0.72 0.48
SE(m) 0.32 0.30 0.15 0.25 0.17

SPT,: Control (No priming), SPT,: Cow dung slurry (24 hr), SPT;: Cow urine at 10 % concentration (12 hr), SPT,: GA; at 150 ppm (12 hr), PD;:
Control (0 ppm), PD,: Paclobutrazol at 5 ppm, PD;: Paclobutrazol at 10 ppm, PD,: Paclobutrazol at 20 ppm

Plant spread

An examination of the data in Table 1 revealed that different
treatments and their combinations led to a significant difference in
plant spread. As regards the data of seed priming treatments,
maximum plant spread (39.90) was observed in SPT,, i.e. seed
priming with cow dung slurry for 24 hr, whereas minimum plant
spread (29.52) was reported in SPTyi.e.,, control. Among the foliar
applications of paclobutrazol, maximum plant spread (39.04) was
observed in PD,,i.e. 10 ppm paclobutrazol, whereas minimum plant
spread (32.78) was observed in PDyji.e. plants sprayed with 0 ppm
paclobutrazol. An appraisal of data disclosed in Table 3 revealed that
the interaction effect of seed priming treatments along with the
doses of paclobutrazol have significant effect on plant spread. The
maximum plant spread (42.34) was observed in SPT,PD;(ie. seed
priming withcow dung slurry for 24 hr + 10 ppm paclobutrazol),
whereas the minimum (25.67) plant spread was observed in SPT:PD;
(i.e. control). The enhanced lateral growth under cow dung slurry
priming may be attributed to improved nutrient availability and
microbial-mediated synthesis of phytohormones. The increased
number of lateral shoots with cow dung slurry is also resulting from
the synthesis of auxins and cytokinins, which promote enough cell
division and faster cell elongation. Similar findings were observed in
okra (20). In general, an increase in plant spread with the application
of 10 ppm paclobutrazol reflects a shift from vertical to lateral
growth, likely due to altered hormonal balance and weakened
apical dominance under inhibited gibberellin biosynthesis, which
promotes axillary bud initiation and canopy expansion. This
architectural modification can enhance light interception and
photosynthetic capacity despite compact stature. Earlier studies in
China aster have demonstrated that paclobutrazol modifies plant
architecture by restricting vertical growth while encouraging lateral
expansion, thereby increasing plant spread (21). Similar responses
involving enhanced branching and broader canopy development
have been reported in Callistemon citrinus, potted chincherinchee
and chrysanthemum (22-24).

Days taken to first flowering

Data pertaining to days to first flowering has been recorded and
accordingly presented in Table 1. Among the seed priming
treatments, minimum days to first flowering (53.38) was recorded in
SPT, i.e., priming using GAs at 150 ppm for 12 hr whereas maximum
time taken to first flowering (55.92) was observed in control (SPTy).
Further look in data (Table 2) also revealed that among the foliar
application of paclobutrazol, earliest flowering (50.38) was observed
in PDyi.e, control. Delayed flowering (58.33) was observed in PD, i.e,
20 ppm paclobutrazol. Further data in Table 3 also revealed that the
interaction effect of seed priming treatments along with the doses of
paclobutrazol have significant impact on days to first flowering, The
minimum days to first flowering (48.67) was observed in SPT, PDo
(seed priming with GAs at 150 ppm for 12 hr + 0 ppm paclobutrazol),
whereas the maximum days to first flowering (60.00) was observed
in SPT:PD4(i.e., no seed priming + 20 ppm paclobutrazol). The
earliest flowering was observed in the salvia plants grown from
seeds primed in a 150 ppm GA; solution, which could be due to an
increase in the endogenous level of gibberellins in plant tissues.
Gibberellins are responsible for controlling the activity of the
subapical meristem and, ultimately transformation of vegetative
buds into floral buds, which blossom and cause early flowering. The
findings are consistent with the results obtained by previous authors
in tuberose, tulips and china aster (25, 26, 27).

In general, there was an increase in time for first flowering
with the increasing concentrations of paclobutrazol. The significant
delay in flowering of salvia plants sprayed with paclobutrazol in
comparison to the control might be associated with the inhibition of
gibberellin biosynthesis, along with redirecting the energy and
nutrients directly towards the vegetative phase, which leads to the
development of a greater number of side shoots. The previous
studies also reported delayed flowering with an increase in doses of
paclobutrazol in Salvia splendens cv. ‘Vista Red’ and Salvador
Red’(18,28).
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Number of branches per plant

Data (Table 1) revealed that different treatments and their
combinations has significant effect on the number of branches per
plant. The maximum number of branches per plant (10.53) was
observed in SPT; i.e,, seed priming with cow dung slurry for 24 hr
whereas the minimum number of branches per plant (8.03) was
observed in SPTii.e, control. Further look in data (Table 2) also
showed that among the foliar applications of paclobutrazol, the
maximum number of branches per plant (10.78) was revealed in PDs,
i.e, 10 ppm paclobutrazol, whereas the minimum number of
branches per plant (8.07) was observed in PD,j.e, plants sprayed
with 0 ppm paclobutrazol. The data reflected in Table 3 showed that
the interaction effect of seed priming treatments along with the
doses of paclobutrazol have significant influence on the number of
branches per plant. The maximum number of branches per plant
(12.03) was observed in SPT, PDs(i.e, seedprimingwithcow dung
slurry for 24 hr+ 10 ppm paclobutrazol), whereas the minimum (7.20)
number of branches per plant was observed in SPT:PD(i.e., no seed
priming +0 ppm paclobutrazol).

The greatest number of branches per plant was observed in
the plants grown from the seed lot primed with cow dung slurry. This
might have happened because there were an optimal supply and
synthesis of vitamins, nutrients, plant bioregulators and other
organic materials that could aid in encouraging plant growth. In fact,
rhizobacteria that promote plant growth are also present in cow
dung slurry. These bacteria not only facilitate easy uptake of the
nutrients by plants but also aid in their conversion from unavailable
to available forms (29). The microbial metabolites. A similar trend in
okra has also been obtained (20, 30).

Moreover, paclobutrazol at a specific concentration leads to
the production of high levels of cytokinin along with a decrease in the
level of 1AA and gibberellins, which suppresses the apical dominance
of the main stem and ultimately may be responsible for increasing
the number of side shoots. Reduced auxin dominance at the apical
meristem permits the activation of dormant axillary buds, resulting
in increased branch formation (31, 32). Enhanced branching
increases the number of potential reproductive sites, thereby
strengthening sink capacity and improving yield potential (33). The
maximum shoot initiation was observed with application of
paclobutrazol at a specific concentration in China aster, Callistemon
citrinus, potted chincherinchee and chrysanthemum (21-24)

Number of spikes per plant

The results indicated that different treatment combinations have a
significant effect on the number of spikes per plant. The increase in
the number of spikes per plant (14.84) was observed inSPT- i.e, seed
priming with cow dung slurry for 24 hr whereas the minimum
number of spikes per plant (11.51) was observed in SPT.i.e, control
(Table 1) |. Data enumerated in Table 2 reveals the maximum
number of spikes per plant (15.42) with foliar application of
paclobutrazol, PDsi.e,, 10 ppm. The minimum number of spikes per
plant (11.99) was observed in PDie, plants sprayed with 20 ppm
paclobutrazol. Further data in Table 3 also revealed that the
interaction effect of seed priming treatments along with the doses of
paclobutrazol have significant impact on the number of spikes per
plant. The maximum number of spikes per plant (16.83) was
observed in SPT, PDs(i.e., seed priming with cow dung slurry for 24
hr+ 10 ppm paclobutrazol), whereas the minimum (10.33) number
of spikes per plant was observed in SPT,PD; (i.e.,, no seed priming + 0
ppm paclobutrazol). The salvia plants grown from the seed lot
subjected to priming in cow dung slurry for 24 hr could produce the
greatest number of vegetative shoots, which subsequently
developed into reproductive shoots. As a result, each plant
generated more spikes. The slurry of cow dung contains plant
growth-promoting rhizobacteria, which help in converting the
nutrients from non-available to available forms, besides ensuring
their easy uptake by the plants, there were more inflorescences in
salvia plants (29). Also, optimum dosage of paclobutrazol resulted in
the highest plant spread, a greater number of branches per plant,
hence more spikes were produced per plant. In Antirrhinum, the
author also recorded a greater number of spikes per plant with the
application of paclobutrazol (35).

Spike length

The data presented in Table 4 reveals a significant effect of
different treatment combinations on the length of the spike. The
increase in spike length (14.35) was observed in SPT; i.e, seed
priming with cow dung slurry for 24 hr whereas the minimum spike
length (12.73) was observed in SPTii.e., control. Contents of data
presented in Table 5 indicated an increase in spike length (16.31)
with foliar application of paclobutrazol, PDsi.e., 0 ppm, whereas
the minimum spike length (11.39) was observed in PDii.e, plants
sprayed with 20 ppm paclobutrazol. The data reflected in Table 6
showed that the interaction effect of seed priming treatments
along with the doses of paclobutrazol have significant influence on

Table 4. Effect of different seed priming treatments on flowering and yield of salvia (Pooled data of 2 years)

Treatment details Spike length

Number of florets per

Number of pods per Seed yield per plant Seed yield per plot

(cm) spike plant (g) (g)

Seed priming treatments

Control (No Priming) 12.73 48.33 288.46 3.87 34.83
Cow Dung Slurry (24 hr) 14.35 55.10 472.90 6.52 59.03
Cow Urine at 10 % (12 hr) 13.26 51.01 388.28 5.61 50.45
GAsat 150 Ppm (12 hr) 13.67 53.43 451.24 6.24 55.75
CDo.os 0.27 0.61 10.03 0.03 0.26
SE(m) 0.10 0.22 3.55 0.01 0.09

Table 5. Effect of foliar application of paclobutrazol on flowering and yield of salvia (Pooled data of 2 years)

Spike length Number of florets per

Treatment details

Number of pods per plant Seed yield per plant Seed yield per plot

(cm) spike (g) (g)

Paclobutrazol doses

Control (0 ppm) 16.31 58.19 276.72 3.81 34.29
Paclobutrazol (5 ppm) 13.50 53.38 446.07 6.12 54.51
Paclobutrazol (10 ppm) 12.81 50.31 460.80 6.48 58.27
Paclobutrazol (20 ppm) 11.39 45.99 404.09 5.82 53.09
CDo.0s 0.27 0.61 10.03 0.03 0.53
SE(m) 0.10 0.22 3.55 0.01 0.09
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Table 6. Interaction effect of different seed priming treatments and foliar application of paclobutrazol on flowering and yield in salvia (Pooled

data of 2 years)

. Spike length Number of florets Number of Seed yield Seed yield
Treatment details (cm) per spike pods per plant per plant (g) per plot (g)

Seed priming treatments x paclobutrazol doses

SPT1xPD: 14.67 55.28 223.07 3.22 10.33
SPT. x PD2 12.85 50.50 316.23 4.10 11.50
SPT1 % PD3 12.10 44.37 333.67 4.38 13.13
SPT1 X PD4 11.29 43.17 280.87 3.79 11.07
SPT, % PD: 17.31 60.67 337.81 4.59 12.53
SPT, % PD2 13.99 55.43 536.00 7.26 15.37
SPT, x PDs 13.76 54.33 546.03 7.36 16.83
SPT, % PD4 12.35 49.97 471.77 6.84 14.62
SPT3xPDy 16.75 56.93 269.93 3.69 12.00
SPT3; % PD; 13.37 52.77 410.39 6.02 14.07
SPT3x PD3 12.54 48.83 477.41 6.91 15.30
SPTs x PD4 10.62 45.50 395.40 5.81 13.78
SPT4+Xx PD: 16.50 59.87 276.07 3.74 12.37
SPT4%x PD2 13.78 54.80 521.66 7.10 14.95
SPTsx PDs 12.83 53.70 538.90 7.27 16.40
SPT4Xx PD4 11.30 45.33 468.31 6.82 14.23
CDo.os 0.54 1.23 20.07 0.06 0.48
SE(m) 0.19 0.44 7.10 0.02 0.19

SPT,: Control (No priming), SPT,: Cow dung slurry (24 hr), SPT;: Cow urine at 10 % concentration (12 hr), SPT,: GA; at 150 ppm (12 hr), PD;:
Control (0 ppm), PD,: Paclobutrazol at 5 ppm, PD;: Paclobutrazol at 10 ppm, PD,: Paclobutrazol at 20 ppm

spike length. The maximum spike length (17.31) was observed in
SPT, PDx (i.e., seed priming with cow dung slurry for 24 hr + 0 ppm
paclobutrazol), the minimum (11.29) spike length was observed in
SPT;PDsi.e., No seed priming + 20 ppm paclobutrazol).

Seeds primed with cow dung slurry for 24 hr resulted in
producing the tallest plants as well as spikes of longer length. This
might be due to the synthesis of auxins and gibberellins at a higher
ratio, which could accelerate faster cell division and enlargement
of cells, leading to the production of the longest spikes. The results
agree with those obtained in fodder maize and carrot (14, 15)

With an increase in the concentration of paclobutrazol,
there was a subsequent decrease in the length of spikes, which
could be due to an alteration in the isoprenoid pathway, leading to
an increase in the endogenous levels of abscisic acid and
cytokinins and blockage of GA biosynthesis. Shorter spikes may
reduce internal photo competition assimilates and improve
resource retention within developing floral organs, thereby
supporting effective flower retention and seed development. The
reduction in spike length observed under paclobutrazol treatment
is consistent with earlier reports in Salvia splendens and black iris,
where inflorescence elongation was similarly restricted without
compromising reproductive performance (16, 17)

Number of florets per spike

Athorough analysis of the data presented in Table 4 indicated that
the application of various treatment combinations has statistically
significant impacts on the production of the number of florets per
spike. Among the seed priming treatments, SPT,, i.e., seed priming
with cow dung slurry for 24 hr produced the maximum (55.10)
number of florets per spike, whereas the minimum number of florets
per spike (48.33) was observed in SPT.i.e., control. Data enumerated
in Table 5 reveals the maximum number of florets per spike (58.19)
with PDyi.e., 0 ppm paclobutrazol. The minimum number of florets
per spike (45.99) was observed in PD,ji.e.,, plants sprayed with 20
ppm paclobutrazol. Upon examination of the data presented in
Table 6, also revealed that the concurrent application of different
seed priming and foliar spray treatments of paclobutrazol
significantly influenced the number of florets per spike. Notably,
SPT, PD; (i.e., seed priming with cow dung slurry for 24 hr + 0 ppm

paclobutrazol) shows an increase (60.67) in the number of florets per
spike and treatment combination and SPT,PDa(i.e., no seed priming
+ 20 ppm paclobutrazol) shows a decrease (43.17) in the trend of
number of florets per spike.

The notable increase in the production of maximum florets
in the spikes of salvia plants can be attributed to the fact that using
the seeds primed with cow dung slurry for establishing a good crop
stand of salvia plants might have resulted in the production of longer
spikes, which offered a profuse induction of florets accordingly.
Likewise, the increasing doses of paclobutrazol had displayed
inverse relations with spike length, maximum spike length and the
number of florets produced in each spike. In general, the salvia
plants treated with the highest doses of paclobutrazol resulted in the
production of the smallest spikes with the induction of a lower count
of florets in them in comparison to those salvia plants that did not
experience the spray of paclobutrazol. So much so, there was a
decreasing trend in the pattern of plant height and spike length
including count of florets in every spike with increase in the dosage of
paclobutrazol and this may be attributed to the reduction in plant
growth by inhibiting the bio synthesis of gibberellin, which leads to
decrease in internodal length and expanding the meristematic cells
in the internodes hence reduced spike length. Comparable patterns
of inflorescence growth regulation under paclobutrazol application
have also been reported in China aster (21).

Number of pods per plant

Various seed priming treatments and foliar application of
paclobutrazol have exhibited a significant impact on the number of
pods per plant. Among the seed priming treatments, SPT, i.e, seed
priming with cow dung slurry for 24 hr produced the maximum
(472.90) number of pods per plant, whereas SPTij.e.,, no seed priming,
produced the lowest (288.46) number of pods per plant. Among the
foliar sprays of paclobutrazol, the maximum (460.80) numberofpods
perplantwas observedinPDsje, foliar application of paclobutrazol at
10 ppm and the minimum (276.72) number of pods per plant was
produced in PDs e, control. The data presented in Table 6 reveals that
the interaction effect of seed priming treatments along with the doses
of paclobutrazol have significant influence on the number of pods per
plant. The maximum number of pods per plant (546.03) was observed
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in SPT PD;s(i.e, seed priming with cow dung slurry for 24 hr+ 10 ppm
paclobutrazol), whereas the minimum (223.07) number of pods per
plantwas observed in SPT,PDi.e., control).

The highest number of pods per plant in the treatment SPT,
might be ascribed to the production of a greater number of
branches, spikes and induction of maximum florets of better quality.
As a result, these florets after pollination could ensure the
development of fruits, i.e. pods in adequate quantities. Hence,
resulting in a greater number of pods per plant. Paclobutrazol, a
growth inhibitor, increases the number of laterals through an array
of potential mechanisms, leading to the production of more spikes
and flowers over a time and ultimately more pods per plant. It
prolonged the onset of the flowering, encouraging additional flower
bud formation and subsequently, the pods as well. The life span of
the flower is further prolonged by paclobutrazol sprays by delaying
leaf senescence and enabling additional time for pollination and pod
development. The increase in pod number under paclobutrazol
application at 10 ppm is a key indicator of improved reproductive
efficiency. Reduced vegetative sink demand, enhances assimilation
availability during flowering, improving flower retention and pod set.
Increased branching further provides additional sites for pod
initiation, collectively strengthening reproductive sink capacity.
Studies have demonstrated that PBZ improves pod retention by
stabilising carbohydrate supply and reducing flower abscission
during critical reproductive phases (10, 36). Optimal paclobutrazol
application has been shown to enhance pod number per plant in
sesamum and brassica, likely through improved assimilate
partitioning toward reproductive sinks (37, 38).

Seed yield

Various seed priming treatments and foliar application of
paclobutrazol doses have exhibited a significantly higher seed yield,
as evidenced in Table 4. Among the seed priming treatments, the
most substantial seed yield (6.52 g per plant and 59.03 g per plot)
was achieved with seed priming using cow dung slurry for 24 hr
(SPT,). Conversely, the lowest seed yield (3.87 g per plantand 34.83 g
per plot) was observed in the control (SPT). Concerning the data on
foliar application of paclobutrazol, it was noted that treatment PD;,
i.e. paclobutrazol at 10 ppm, exhibited the highest seed yield (6.48 g
per plant and 58.27 g per plot), whereas treatment PD;i.e., control,
resulted in the lowest seed yield (3.81 g per plant and 34.29 g per
plot). The data presented in Table 6 revealed that the concurrent
application of different seed priming treatments and foliar
application of paclobutrazol significantly influenced seed vyield.
Notably, the treatment combination of SPT.PD; resulted in the
highest seed yield (7.36 g per plant and 66.20 g per plot). Conversely,
the treatment combination SPT.PD;resulted in the lowest seed yield
(3.22 g per plantand 28.98 g per plot).

Seed yield improvement under cow dung slurry priming can
be attributed to strengthened source establishment during early
growth stages, improved nutrient uptake efficiency and enhanced
microbial activity leading to better assimilation production and
translocation. The combined effects of nutrients, beneficial
microorganisms and microbial metabolites result in improved seed
filling and final yield. The study is quite matchable with the findings
proclaimed in sunflower and china aster by authors who recorded
higher seed vyield with jeevamrit treatment that might have
accelerated plant growth, profuse flowering, increase in number of
branches, flower heads and florets per capitulum, which in tum
ensured higher seed yield (39, 40). The maximum seed yield with
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foliar application of paclobutrazol at 10 ppm may be because of
increased level of photosynthesis in the leaves due to high
chlorophyll content, which might have led to the accumulation of
stem and root dry matter, resulting in a higher quantum of florets
and seed yield simultaneously. The enhancement of seed yield
under a 10 ppm dose of paclobutrazol, despite reductions in plant
height and spike length, clearly demonstrates the role of source-sink
reallocation in yield determination. Paclobutrazol reduces
investment in non-productive vegetative biomass and redirects
assimilates toward developing seeds, thereby increasing harvest
index. Additionally, PBZ has been reported to enhance chlorophyll
stability and delay senescence, ensuring sustained photosynthate
supply during seed filling (10, 11). Research reported that reported
yield improvement under paclobutrazol treatment despite reduced
vegetative growth in China aster and marigold (21,41)

Conclusion

Based upon the outcomes of the investigation, it is concluded that
seed priming with cow dung slurry for 24 hr in combination with
foliar application of paclobutrazol at 10.0 ppm sprayed once at 40
days after transplanting can be recommended as a good
production practice for Salvia splendens under mid-hill conditions
of Himachal Pradesh. This treatment combination consistently
improved plant growth, branching, flowering and seed yield,
thereby enhancing overall crop performance. The use of cow dung
slurry as a low-cost, locally available input, together with an
optimum paclobutrazol dose, makes this approach suitable for
adoption by commercial growers and seed producers. Further
validation under different agro-climatic conditions would help in
refining recommendations for wider adoption.
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