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yielded the highest plant height (49.3 cm), leaf area (110.4
cm?), flower number (30.7), flower diameter (4.9 cm), and
pods per plant (8.4), while also promoting earlier flowering
(46.7 days) and shorter flowering duration (17.3 days).
Excessive concentration (2.0%) showed a slight decline in
performance, suggesting a threshold beyond which K
application may become counterproductive. The findings
underscore the efficacy of foliar potassium at 1.5% in
enhancing both vegetative growth and reproductive success
in sweet pea. These results provide practical implications
for ornamental horticulture, particularly in nutrient-limited
soils, by demonstrating that timely foliar K
supplementation improves flower yield and aesthetic traits.
This study advocates for integrating foliar potassium into
sweet pea cultivation practices to achieve higher

commercial and ornamental value.
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INTRODUCTION

Sweet pea (Lathyrus odoratus L.) is a pervasive ornamental plant valued for its sweet-scented and colorful flowers.
It holds significant value in the floriculture industry and home gardening due to its appealing entreaty and seasonal
adaptability. Optimal flower production in sweet peas is contingent upon balanced nutrient availability, principally

macronutrients i.e., potassium (K), that plays a crucial role in regulating physiological and reproductive processes.

Potassium is a vital nutrient for plant growth and development, affecting nutrient transport, water regulation,
photosynthesis and activation of enzyme system. It also plays a key role in the mobilization of assimilates from
source to sink organs, which is indispensable for flower development and seed formation (Doklega SMA, ). Foliar
application of potassium has an expanded attention as an effective technique to rapidly supply nutrients during
critical growth stages, sidestepping potential limitations in root uptake due to soil constraints (Ashraf AM, ). This

method ensures targeted nutrient delivery, improving nutrient use efficiency and minimizing leaching losses.

Recent studies have highlighted the significance of foliar potassium in enhancing vegetative growth, flowering
attributes, and yield in various crops. For instance, foliar K has been shown to enhance leaf chlorophyll content,
photosynthetic rate, and antioxidant activity, all of which contribute to improved plant vigor and reproductive
success (Naz S, ). In ornamental species, improved flower diameter, number of flowers per plant, and flowering
duration have been recorded under foliar K treatments (Fattah-Allah H, ). These effects are particularly important
for sweet peas, where commercial value is highly dependent on floral quality and blooming duration.

Moreover, potassium influences hormonal balance and carbohydrate partitioning, which are closely tied to flower
initiation and development (Ahmed HI, ). In sweet pea, delayed or suboptimal flowering often results from nutrient
stress, which can be mitigated through foliar interventions at key phenological stages. Thus, investigating the role
of foliar potassium in enhancing the growth and flowering efficiency of sweet peas can provide insights for
optimizing their cultivation practices, particularly under conditions of suboptimal soil fertility or during peak
nutrient demand.

This study aims to evaluate the impact of different foliar potassium concentrations on the growth attributes and
flowering performance of sweet pea. The results may help establish potassium foliar feeding as a viable strategy

to enhance productivity and aesthetic value in ornamental horticulture.

MATERIALS AND METHODS

A field experiment was conducted during the zaid rabi season 2024 at the research farm of Agriculture Research
Institute, situated at Ratta Kulach DI Khan. The region experiences a semi-arid climate, with average temperatures
ranging from 10°C to 28°C during the growing season. The experimental soil was sandy loam with a pH of 7.8,

electrical conductivity of 2.1 dS m™, and low available potassium content (85 mg kg™).

The experiment was laid out in a Randomized Complete Block Design (RCBD) with four replications. The

treatments consisted of five foliar potassium concentrations using potassium sulfate (K.SO4) as the source:
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e To: Control (distilled water)
e Ti:0.5% K>SO4
e T2 1.0% K>SO4
e Ti: 1.5% K.SOs
e T4 2.0% K2SO4

Each plot measured 4 m? with a 30 cm plant-to-plant and 45 cm row-to-row spacing.

Crop Establishment and Management

Sweet pea seeds (Lathyrus odoratus L., cv. 'Royal Mix') were soaked in distilled water for 12 hours prior to
sowing. Seeds were sown manually at a depth of 2.5 cm. Basal doses of nitrogen and phosphorus were applied at
60 and 40 kg ha™', respectively, in the form of urea and diammonium phosphate (DAP). No basal potassium

fertilizer was applied to ensure a clear response to foliar treatments.

Standard agronomic practices were followed throughout the experiment, including weeding, irrigation, and pest

control as needed. No plant growth regulators or additional foliar nutrients were applied.

Foliar Application of Potassium

Foliar sprays of potassium sulfate were applied at three critical growth stages:

1. 30 days after sowing (vegetative stage)
2. At the appearance of flower buds
3. At full bloom stage

Sprays were applied in the early morning using a hand-held atomizer to ensure uniform leaf coverage without

runoff. Tween-20 (0.1%) was added as a surfactant to all solutions, including the control.

Growth Attributes

At 60 days after sowing (DAS), five plants per plot were randomly selected to record:

e  Plant height (cm)
e Number of branches per plant
e Number of leaves per plant

e Leafarea (measured using a leaf area meter)

Flowering and Yield Parameters

Observations on flowering were recorded as:

e Days to first flowering
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e  Number of flowers per plant
e Flower diameter (cm)
e Flowering duration (days)

e  Pod number per plant (if applicable)

Chlorophyll Content

Chlorophyll content was measured from the uppermost fully expanded leaf using a SPAD chlorophyll meter at 45
and 60 DAS.

Statistical Analysis

Data were scrutinized by means of analysis of variance (ANOVA) and treatment means were equated using the
least significant difference (LSD) test @ 5% probability level (p < 0.05). Standard errors were also calculated and

used for error bar plots.

RESULTS AND DISCUSSION

The application of different concentrations of potassium significantly influenced both the vegetative and
reproductive traits of sweet pea plants.

1. Plant Height

Plant height showed a significant increase with potassium foliar spray, reaching the maximum (49.3 £ 1.4 cm) at
1.5% K concentration (Table 1). Potassium enhances meristematic activity and cell elongation, contributing to
greater internodal length and vegetative growth. The improvement in plant height aligns with findings in other
ornamental and vegetable crops where potassium played a central role in structural development and turgor
maintenance (Banerjee P, )~ (Qureshi MDA.). However, the slight decline at 2.0% K suggests a potential threshold
beyond which nutrient uptake may be hindered or excessive K may disturb ionic balance (Naz S,)" (Mahmoud
AWM,).

2. Number of Branches

A steady increase in the number of branches was noted with rising K levels, with 1.5% K resulting in 4.9+ 0.3
branches per plant (Table 1). Potassium’s role in stimulating cytokinin activity and enhancing assimilate transport
is pivotal for axillary bud development, resulting in more branching. Similar outcomes were documented in
flowering plants such as marigold and calendula under K supplementation (Borah L,)" (Hekal MA.). Adequate

branching is important for higher flowering sites, directly contributing to yield.

3. Leaf Area
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Leaf area expanded significantly under potassium treatments, peaking at 110.4+2.5 cm? at 1.5% K (Table 1).
Larger leaf area indicates improved photosynthetic capacity, which boosts energy accumulation for reproductive
processes. Potassium influences stomatal regulation and chloroplast functioning, facilitating better CO:
assimilation and leaf expansion (Devi KM, )" (Kausar A). Reduced leaf area at 2.0% K could be attributed to

marginal leaf burn or metabolic disturbance due to excessive salts (Reddy RHV, ).

4, Number of Leaves

The number of leaves increased significantly with potassium, reaching 35.7+ 1.1 under 1.5% K (Table 1).
Potassium supports active growth by enhancing nitrogen use efficiency and stimulating vegetative vigor. This
agrees with results in zinnia and gladiolus, where foliar K improved shoot biomass and leaf development (Aashiq
M).

Table 1: Potassium foliar application and vegetative response of sweet pea.

Treatment Plan(tCII;Il;:ight Branches/Plant Leaf Area (cm?) No. of Leaves
Control 325+1.2 d 3.1+£0.2 d 78.5+£2.3 d 243+0.8 d
0.5% K 38.6+1.1 c 3.8+0.2 c 89.2+2.1 c 28.6+0.9 c
1.0% K 452+1.3 b 45+0.3 b 103.6+2.4 b 33.2+1.0 b
1.5% K 493+14 a 49+03 a 1104 £2.5 a 357+1.1 a
2.0% K 47.8+1.2 ab 47+£0.2 ab | 108.7+23 ab 341+1.0 ab

5. Days to First Flowering

Potassium application significantly influenced the flowering time of sweet pea. Plants treated with 1.5% K
flowered the earliest (46.7 £ 1.1 days), which was significantly different from the control (55.3 £ 1.3 days) (Table
2). This treatment reduced the flowering period by nearly 9 days. Statistical lettering showed treatment T3 (1.5%)
which was significantly lower than other treatments. This indicates that moderate K foliar feeding accelerates
floral induction, possibly by promoting hormonal balance and nutrient mobility. A reduction in days to first
flowering (earliest at 46.7 £ 1.1) under 1.5% K indicates accelerated flowering. Potassium modulates hormonal
signals like gibberellins and promotes floral initiation and differentiation. Similar earliness trends have been
reported in chrysanthemum and snapdragon where potassium played a role in early bud formation (Hassan WF,)"
(Reddy RHV,). However, the minor delay at 2.0% may hint at overfertilization stress affecting physiological

balance.

6. Number of Flowers

The highest flower count (30.7 = 0.9) was observed in the 1.5% K treatment, significantly exceeding the control
(18.2+0.6) (Table 2). Potassium’s involvement in sugar translocation and reproductive sink strength directly
contributes to flower formation and retention. Increased flowering in potassium-fed plants is supported by studies
in hibiscus and petunia, attributing it to enhanced ATP availability and turgor-driven cell expansion at floral sites
(Sutuliené R)" (EI-Metwaly H.).
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7. Flower Diameter

Maximum flower diameter (4.9 £ 0.2 cm) was also observed at 1.5% K (Table 2). Improved diameter may result
from better nutrient translocation and cell enlargement in floral tissues. Flower size is a key ornamental trait, and
potassium’s ability to enhance bloom aesthetics has been reported in gladiolus and rose under foliar K feeding
(Yadav GS,) (Sutuliené R) (Singh S,). The marginal drop at 2.0% again reflects a possible nutrient excess.

Table 2: Potassium foliar application and flowering response of sweet pea.

Treatment Days to 1° Flowering No. of Flowers Flower Diameter (cm)
Control 55.6+1.1 a 182+ 0.6 d 32+0.1 d
0.5% K 52.1+1.2 b 22.6£0.7 c 3.8+£0.1 c
1.0% K 483+13 c 28.4+0.8 b 44+0.2 b
1.5% K 46.7+1.1 d 30.7+0.9 a 49+0.2 a
2.0% K 472+12 cd 29.3+0.7 ab 4.7+0.2 ab

8. Number of Flowers per Plant

There was a significant increase in the number of flowers with increasing potassium concentration. The maximum
number of flowers (30.7 £ 0.9) was observed in the 1.5% K treatment, followed by 1.0% (27.4 £ 1.0), 2.0% (25.1
+ 0.8), and the control (18.2 + 0.6). These results show that potassium enhances flowering efficiency, possibly
due to improved assimilate partitioning and increased floral meristem activity (Figure 1). Statistical grouping
revealed significant differences among treatments, indicating that 1.5% potassium was optimal for floral initiation
and development.

The improvement in flower count under potassium treatment can be attributed to potassium’s role in assimilate
partitioning and hormonal regulation, which are vital for bud differentiation and flower development. Potassium
also enhances enzyme activation, osmotic regulation, and energy status of developing floral structures. Recent
studies have reported similar findings, where foliar potassium improved flower production in ornamentals such
as marigold, gerbera, and petunia (Hashim ME,)- (Hassan SM,). It is also postulated that potassium influences the
carbon-to-nitrogen ratio in favor of reproductive growth (Remsangpuii R), which may explain the increased
flower number observed at 1.5% concentration. Beyond this level (2.0%), a decline was observed, possibly due

to ionic toxicity or osmotic stress affecting metabolic efficiency.

9. Flowering Duration

The potassium treatments significantly reduced the duration between flower initiation and completion. The
shortest flowering duration (17.3 + 0.5 days) was observed in plants treated with 1.5% K, while the control had
the longest duration (22.6+ 0.8 days). Treatments T2 and T4 resulted in moderate durations (19.4+0.6 and
20.1+ 0.6 days, respectively). These differences were statistically significant, with T3 (1.5% K) being the most
efficient in reducing the overall flowering window (Figure 2). Shortened flowering duration with potassium
application implies synchronized floral development and improved physiological coordination. This could benefit
commercial production by allowing for more uniform harvests and reduced pest exposure. Potassium promotes

hormonal signaling, particularly auxins and gibberellins, which facilitate timely floral organ development. Shorter
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flowering durations under potassium treatment were also noted in sweet pepper and African marigold (Borah L,)
(Aashiq M,), supporting the results of this study. The reduced duration at 1.5% may also be linked to improved
photosynthetic performance and energy use efficiency (EI-Sawy SM,).

Pod Formation (Number of Pods per Plant)

A significant increase in pod formation was noted with potassium application. The highest number of pods per
plant (8.4 +£0.4) was observed in 1.5% K treatment, followed by 1.0% (6.3 £0.4), 2.0% (5.7 +£0.3), and control
(4.1+0.3) (Figure 3). Statistical lettering placed these treatments into four distinct groups, confirming a clear
effect of potassium on pod development. Pod formation is highly sensitive to nutrient status during and after
flowering. Potassium enhances carbohydrate transport to reproductive sinks, which supports pod retention and
filling (Devi KM,). The improved pod count at 1.5% K aligns with findings in leguminous crops like cowpea
(Mahdy RM) and mungbean (Kausar A), where moderate K foliar feeding enhanced reproductive output. High K
(2.0%) might have induced slight nutrient imbalance, lowering pod numbers due to osmotic interference (Aashiq
M,). Potassium’s role in maintaining cellular turgor and regulating stomatal conductance also indirectly

contributes to enhanced pod development under foliar application (Hassan WF,).
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Figure 1. Foliar potassium application effect on flower counts of sweet pea
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Figure 2. Foliar potassium application effect on flower duration of sweet pea
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Figure 3. Foliar potassium application effect on pods counts of sweet pea

CONCLUSION

Across all parameters, 1.5% potassium foliar spray emerged as the optimal concentration for improving both
vegetative and reproductive traits in sweet pea. Beyond this level, benefits plateaued or declined, indicating the
importance of precise nutrient management in floriculture. This study supports the integration of moderate foliar

potassium in sweet pea cultivation for maximizing aesthetic and yield traits under limited soil fertility conditions.
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