



Impact of potassium levels and planting depth on tuberose’s vegetative, blooming, yield and quality characteristics
                                                                          ABSTRACT
The experiment was conducted at Nagpur, with four levels of potassium: Control (0 kg), 150 kg, 200 kg, and 250 kg ha–1, and three levels of planting depth: 5, 7.5, and 10 cm with twelve treatment combinations. The levels of planting depth and potassium were randomized in a factorial randomized block design. The objectives of the experiment were to evaluate the effects of both potassium and planting depth as well as to determine the optimal combination of both variables for improved tuberose growth, flowering, yield  and quality. Few days to sprouting of bulbs (7.40 & 7.75 days) and maximum percentage sprouting of bulbs (99.07 & 98.24 %), shoots plant-1 (4.89 & 4.44), plant height at 150 DAP (49.11 & 48.00 cm), leaves plant-1 at 150 DAP (51.77 & 48.33) and the leaf area (46.55 & 44.75 cm2) recorded by applying of potassium 200 kg ha-1 and planting the bulbs at a depth of 7.5 cm respectively. And  recorded the less days for initiation of spike (98.22 & 98.08 days), opening of first floret (11.21 & 11.26 days), 50 % flowering (107.78 & 115.days) and first harvesting (113.33 & 114.25 days) of spikes, significantly maximum number of spikes plant -1 (2.16 & 1.86), spikes plot-1(68.98 & 61.91), spikes ha-1(2.39 & 2.23 lakhs), florets spike -1 (26.22 & 25.66), bulbs plant-1(6.08 & 5.48), bulbs plot-1 (194.67 & 175.36), bulbs ha-1(1.99 & 1.80 lakhs), bulblets  plant-1 (31.67 & 24.91),  bulblets plot-1 (1013.33 & 797.33), bulblets ha-1  (35.18 & 27.68 lakhs) and also highest length of spike (77.28 & 74.09 cm), diameter of spike (0.99 & 0.98 cm), length of floret (4.89 & 5.35 cm), diameter of floret (3.91 & 3.84 cm), length of rachis (20.36 & 20.33 cm), diameter of bulb (4.85 & 4.38 cm) and vase life of flower (9.07 & 9.05 days) recorded via applying of potassium 200 kg ha-1 and planting the bulbs at a depth of 7.5 cm respectively at potassium 200 kg ha-1 and planting depth of 7.5 cm. It was discovered that there was no significant interaction between planting depth and potassium's effects on vegetative, blooming, yield  and  quality.characteristics.

Keywords: Tuberose (Polianthes tuberosa), Potassium levels, Planting depth, Vegetative growth, Blooming characteristics, Yield and Quality
                     Tuberose (Polianthes tuberosa) is  half  hardy,  bulbous  perennial  with  fibrous  root  and  perpetuating  itself  through  bulblets.  The  flowers  are funnel  shaped  waxy  white,  single  or  double  and  borne  in  spike.  The  flowering  spike  emerges  from  a  centre  of  the  cluster  of leaves.  It  is  not like  other  flowers  those  are  just  meant  for  decoration,  it  also  used  for  several  purposes  and  in  different  forms.  Potassium  is  essential  plant  nutrient  for  proper  growth  and  development  of  plants (Ahmed et al., 2017).  Plants do  not  grow  without  potassium.  Potassium has a major function in controlling stomata opening and closing as well as water retention. It stimulates the formation of meristematic tissue, initiates certain enzymatic events, facilitates protein synthesis and nitrogen metabolism, catalyzes the actions of certain mineral elements, and supports the metabolism and translocation of carbohydrates. Potassium also lowers the likelihood of bulb rot. Potassium is very crucial for tuberose blossoming. An increase in potassium can guarantee that tuberose blossoms have a healthy start. For bulbous plants to produce early and high-quality flowers, the ideal planting depth is crucial. The planting depth ranges from 3.0 to 7.0 cm, contingent on the bulb's diameter and soil composition. It need to be 2.5 times more than the bulbs' diameter. Bulb planting should be done deeper if the bulbs are large in size. Similar to this, bulbs should be planted in sandy soil at a deeper depth than in clay soil, and as a result, sprouting will take longer. This study aims to evaluate the influence of varying potassium levels and planting depths on the growth, flowering, yield and quality patterns of tuberose (Polianthes tuberosa). 
 MATERIALS  AND  METHODS
             The purpose of the field trial, which took place in the PG Research Unit of College of Agriculture, Nagpur, was to investigate the effects of planting depth and potassium on the vegetative and blooming behaviour of tuberose. This study had three replications and a Factorial Randomized Block Design with twelve treatment combinations. The  experiment  consisted  of  factor  a)  Potassium  levels  viz.,  K0  -  Control  (0  Kg  ha-1) ,  K1  –  150  Kg    ha-1 ,  K2  –  200  Kg  ha-1,  K3  -  250  Kg  ha-1  and  factor  b)  Planting  Depth  viz.,  D1  -  5  cm,  D2  -  7.5  cm,  D3  -  10  cm  and  has  the  treatment  combinations  of  12  viz.,  T1  –  K0D1  (Control  +  5  cm  depth),  T2   –  K0D2  (Control  +  7.5  cm  depth) ,  T3  –  K0D3   (Control  +  10  cm  depth),  T4  –  K1D1  (150  kg  K  ha-1  +  5  cm  depth),  T5   –  K1D2  (150  kg  K  ha-1  +  7.5  cm  depth),  T6   – K1D3  (150  kg  K  ha-1  +  10  cm  depth),  T7  –  K2D1  (200  kg  K  ha-1  +  5  cm  depth),  T8  –  K2D2  (200  kg  K  ha-1  +  7.5  cm  depth),  T9 – K2D3  (200  kg  K  ha-1  +  10  cm  depth),  T10  –  K3D1  (250  kg  K  ha-1   +   5  cm  depth),  T11  –  K3D2  (250  kg  K  ha-1  +  7.5  cm depth)  and  T12  –   K3D3  (250  kg  K  ha-1  +  10  cm  depth).
              The experimental plot was ploughed, followed by harrowing, before the research began. The field was then cleaned by clearing off any clods and debris. Rotten FYM at a rate of 20 tons per hectare was evenly dispersed into the soil prior to the final harrowing. Raised beds measuring 2.4 m by 1.2 m were constructed by allowing 30 cm between rows and 30 cm between plants. 
               The  best  quality  planting  material  20  –  30  g  weight  of  bulbs  of  the  Shringar  variety  of  tuberose  were  collected from  IIHR,  Bangalore.  Before  planting,  the  bulbs  were  stored  in  well  ventilated  semi  shady  place  for  one  month.  Older leaves  emerging  from  the  neck  of  the  bulbs  were  trimmed  off. Total  32 plants were kept in each treatment.

                The recommended dosage of fertilizer (200 kg  N, 150  kg  P and 200  kg  K ha-1 ) for tuberose was used to calculate the amount of phosphorous and nitrogen fertilizer needed for the experimental area. From this, a full dose of P and a half-dose of nitrogen were applied at the time of planting. The leftover nitrogen was divided into two doses; the first was administered 45 days after planting, and the second was administered 90 days later. According to the therapies, a basal amount of potassium was administered.

                     Following bulb sprouting, five plants were chosen and tagged in order to collect data on vegetative or growth characteristics such as the number of days needed for bulb sprouting, the percentage of bulbs sprouting in the field, the number of shoots per plant, the height of the plant, the number of leaves per plant, the area of the leaves, and flowering parameters such as the number of days for spike initiation, the first floret opening, 50% flowering, and the first spike harvest and collected data on yield and quality characteristics such as the spikes plant -1 , spikes plot-1, spikes ha-1, florets spike -1, bulbs plant-1, bulbs plot-1 , bulbs ha-1 , bulblets  plant-1,  bulblets plot-1, bulblets ha-1  and quality parameters like length of spike , diameter of spike , length of floret, diameter of floret, length of rachis , diameter of bulb and vase life of flower. 
RESULTS  &  DISCUSSION
 Growth  parameters :

The number of days (days) that bulbs take to sprout


                The minimum number of days (7.40 days) required for bulb sprouting was recorded by treatment K2. On the other hand, the treatment K0 (control) required a maximum of 8.11 days for the bulbs to sprout. This could be because potassium, which is necessary for the growth of the leaves and roots, improves water absorption, increases foliage activity to allow for the initiation of bulb formation, and shields the crop from fungus infections and unfavorable weather conditions (Zubair et al., 2006). The slight impact of planting depth on bulb sprouting that was observed. On the other hand, it took a minimum of 7.75 days for a treatment D2, which involved planting at a depth of 7.5 cm, to sprout.

Sprouting  of  bulbs  (%)

                The  treatment  K2  i.e.  potassium  200  kg  ha-1  recorded  maximum  sprouting  of  bulbs  (99.07 %).  Whereas,  the  treatment  K0  (control)  recorded  minimum sprouting  of  bulbs  (95.33  %).  This  might  be  due  to  the  fact  that,  potassium  promotes  food  accumulation,  the primary meristem is the strongest sink during the vegetative stage. (Ahmed  et  al.  2017). Potassium  creates the circumstances required for the uptake of metabolites, including amino acids and sugar which  might have  resulted  in  a  better  vegetative  growth  in  the  early  stages  due  to  balanced  nutrition  (Zubair  et  al.  2006).  The  treatment  D2 i.e.  planting  depth  7.5  cm  recorded  significantly  maximum  sprouting  of  bulbs  (98.24  %), it was comparable to D3.  This  might  be  due  to  planting  tuberose  bulbs deep  will  provide  a  more  favorable  growth  environment  for  tuberose  plants  &  planting  deep  will  retain  water  in  the  soil,  which  is  easily  available  to  the  plants.  Planting  depth  should  be  double  than  the  size  of  the  bulb,  in lighter  soil  deep  planting  should  be  there  ( Young  et  al.  2010). In the present experiment we have used 2.5 cm diameter bulbs.
Shoots  plant-1 

             Shoots plant-1 were observed in significantly higher numbers (4.89) in the treatment K2 compared to significantly fewer (3.50) in the K0 (control) treatment. This may be because, according to Mahadik and Chopde (2015), potassium is the most crucial nutrient for healthy growth and development. The planting depth of 7.5 cm, or treatment D2, resulted in a noticeably higher number of shoots per plant (4.44). 

Height of plant (cm)

             The level K2 - 200 kg ha-1 recorded the highest plant height, or 53.33 cm, at 150 days following planting. Additionally, the plant's minimum height was noted at all of the aforementioned stages under K0 (control). Based on the foregoing data, it can be concluded that plant height is significantly impacted by the potassium levels of various applied materials. High potassium levels were associated with an increase in plant height. Nevertheless, the height had somewhat lowered due to an elevated potassium level. The reason for this could be that potassium is crucial for plants as it is involved in their growth and development. According to Haq et al. (1999), potassium fosters vigor, disease resistance, root formation, and height growth.

                 By the time the bulbs were 150 days old, their maximum height of 48.00 cm had been measured when they were planted at a depth of 7.5 cm. According to the aforementioned findings, there was a notable impact on plant height from the various planting depth levels (Uddin et al., 2002).

Leaves  plant-1
               Plants at K2 - 200 kg ha-1 generated more leaves per plant at 150 days after planting, or 51.77 leaves per plant. Additionally, at the aforementioned stage, the minimum height of a plant was measured under K0 (control). Conversely, under K0 (control), a minimum of plants-1 leaves (25.56) was reported. Based on the aforementioned findings, it can be deduced that the number of leaves per plant was significantly impacted by the various potassium application levels. The treatment K2 was the outcome of the greater quantity of leaves. The increased number of leaves resulting from treatment with a higher amount of potassium may be attributable to its activity in terms of numerous enzymes, which in turn led to an increase in tuberose leaves (Kadu et al., 2009).

    At  the  stage  of  150  days  after  planting,  the  level  K2  -  200  kg  ha-1  to  plants  produced  more  leaves  plant-1  i. e.,  51.77. Further,  the   minimum  height  of  a  plant  was  recorded  under  K0  ( control )  at  above - said  stage.  Whereas,  a  minimum  number  of  leaves  plant-1  (25.56)  was  recorded under  K0  ( control ).  From  the  above results,  it  is  inferred  that  the  different  level  of  potassium  application  had  shown  significant  effect  on  the  number  of  leaves plant-1.  The  higher  number  of  leaves  was  resulted  in  the  treatment  K2.  The  more  number  of  leaves due  to  treatment  of  a  higher  level  of  potassium  might  be  due  to  its  activity  in  terms  of  many  enzymes  resulted  in  an  increasing number  of  leaves  in  tuberose  (Kadu  et  al.  2009).
    At  the  stage  of  150  days  after  planting,  planting  of  bulbs  at  7.5  cm  had  recorded  more  leaves  plant-1  i. e., 48.33. An  increase  in  a  number  of  leaves  plant-1  was  observed  with  the  increasing  levels  of  planting  depth  from  5  cm  to  7.5  cm.  The  maximum  leaves  were  recorded  with  7.5  cm  planting  depth.  This  might  be  due  to  that,  increasing  planting  depth  increased  the  proportion  of  plants  absorptive  tissue,  this  results  in  better  plant  growth  in  tuberose  (Pal  and  Singh  2018). 

Leaf area (cm2)

             In a treatment known as K2, or potassium 200 kg ha-1, a noticeably maximum leaf area of 46.55 cm2 at 50% blooming stage was observed. On the other hand, K0 showed the lowest leaf area (39.22 cm2) during 50% of the flowering stage. This could be because applying potassium stimulates the action of numerous enzymes, which leads to an increase in the number of leaves and an increase in leaf area. The considerably greatest leaf area (44.75 cm2) was reported in treatment D2, which involved planting at a depth of 7.5 cm.

            At 50% flowering stage, the highest leaf area was achieved with a treatment planting depth of 7.5 cm. This may be because, according to Pal and Singh (2018) in the case of tuberose, proper planting depth affects the amount of space that is available for plant development. As indicated by Table 1, the interaction effect of various potassium levels and planting depth over all vegetative parameters was determined to be non-significant. 

Flowering  parameters
Initiation  of  spike  (days)
The  treatment  K2  i.e.  potassium  200  kg  ha-1   took  significantly  minimum  days  ( 98.22  days )  for  initiation  of  spike.  Whereas,  K0  ( control )  treatment took  maximum  days  for  initiation  of  spike  ( 102.56  days ).  An  Application  of  potassium  resulted  in  an  early  flowering  in  tuberose  and  the  earliest  spike  initiation  was  recorded  with  potassium  200  kg  ha-1  plant.  Further  increase  in  potassium  level  delayed  days  to  initiation  of  spike,  because  potassium  plays  an  important  role  in  flowering  of  bulbous  flowers.  Hussain  et  al.  (2016)  in  tuberose  also  reported  minimum  days  for  spike  @  potassium  200  kg  ha-1.  The  treatment  D2  i.e.  planting  depth  7.5  cm  had  recorded significantly  minimum  days  ( 98.08  days)  for  initiation  of  spike  in  tuberose  and  maximum  days  for  spike  initiation  were  recorded  under  the  treatment  planting depth  5  cm  ( 100.91  days ).  
The  First  floret  opening  (days)
The  treatment  K2   recorded  less  days  ( 11.21  days )  for  opening  of  first  floret followed  by  K1  i.e.  potassium  150  kg  ha-1  ( 12.50 days ).  Whereas,  treatment  K0  ( control )  took  maximum  days  ( 14.22  days )  for  opening  of  first  floret.  The  application  of various  levels  of  potassium  resulted  in  the  early  opening  of  a  first  floret.
 A  treatment  D2  i.e.  planting  depth  7.5  cm  took  minimum  days  ( 11.26  days )  to  opening  of  the  first  floret  which  was  found  at  par  with  the  treatment  D3  i.e.  planting  depth  10  cm  ( 11.98  days ).  Whereas,  the  treatment  D1 i.e.  planting  depth  5  cm  took  maximum  days  ( 13.70  days)  to  opening  of  first  floret.  It  was  observed  that,  an  earlier  opening of  the  first  floret  in  tuberose  was  noticed  with  the  treatment  planting  depth  of  7.5  cm.
50   per   cent   flowering  ( days )
The  treatment  K2  i.e.  potassium  200  kg  ha-1  recorded  significantly  minimum  days  ( 107.78  days )  for  50  per  cent flowering,  and  K1  i.e.  potassium  150  kg ha-1  ( 119.44  days ).  Whereas,  the  treatment  K0  ( control )  took  maximum  days  ( 129.44  days )  for  50  per  cent  flowering. An  application  of  potassium  200  kg  ha-1  resulted  in  the  earliest  spike  emergence  and  opening  of  the  first  floret  in  tuberose  which might  have  reduced  the  50  per  cent  flowering  (Kour  and  Sharma,  2012).  
The  treatment  D2  i.e.  planting  depth  7.5  cm  took  minimum  days  ( 115.91  days )  for  50  per  cent  flowering.  Whereas,  the  treatment  D1  i.e.  planting depth  5  cm  took  maximum  days  ( 120.50  days)  for  50  per  cent  flowering.  The  planting  of  bulbs  in  depth  reduced  the period  for  50  per  cent  flowering  in  tuberose.  Suseela  et  al.  (2016)  reported  earlier  50  per  cent  flowering  due  to  the planting  depth  at  7.5  cm  in  tuberose.

The initial harvests (days)

             Significantly, the treatment K2, or potassium 200 kg ha-1, resulted in the lowest number of days (113.33 days) for the first tuberose harvest. In contrast, the largest number of days (124.67 days) for the initial harvesting was noted in K0 (control). 200 kg ha-1 of potassium was documented as the minimal number of days needed for the initial harvest. Potassium application produced the quickest flower bud initiation and fully opened flower, which may have shortened the number of days needed for the first harvest following planting (Ullah et al., 2016).

              The treatment of D2, which involves planting at a depth of 7.5 cm, resulted in significantly lower minimum days (114.25 days) for the first spike harvesting. This was determined to be comparable to the treatment of D3, which involves planting at a depth of 10 cm (116.91 days). However, treatment D1, or 5 cm planting depth, recorded the longest number of days for the first harvest (121.16 days). Days needed to harvest first were noted in the treatment D2, which involved planting at a depth of 7.5 cm. The earliest flower bud initiation and full flower opening were the results of deep planting, which may have shortened the number of days needed for 50% flowering and the first harvesting following planting. Tehrranifar and Akbari (2012) likewise noted identical outcomes.
Yield  parameters :


Spikes plant-1,  Spikes plot-1 ,  Spikes ha-1 (lakh) 


 Significantly higher values for number of spikes per plant (2.16), spikes per plot (68.98), and spikes per hectare (2.39 lakh) were recorded under treatment K₂, which involved the application of potassium at 200 kg ha⁻¹. The results indicated that the number of spikes per plant, per plot, and per hectare in tuberose increased progressively with higher levels of potassium, with the maximum values observed at 200 kg ha⁻¹. This enhancement may be attributed to the beneficial role of potassium in promoting efficient nutrient uptake and overall plant metabolism. Potassium plays a vital role in photosynthesis and is essential for maintaining plant health and vigor. It also regulates transpiration and photorespiration, facilitates effective water and nutrient absorption, and enhances resistance to environmental stresses. These physiological improvements likely contributed to the increased spike production per plant, per plot, and per hectare. Similar findings were reported by Sharma et al. (2008) in tuberose.

                  A significantly higher number of spikes per plant (1.86), spikes per plot (61.91), and spikes per hectare (2.23 lakh) were recorded under treatment D₂, corresponding to a planting depth of 7.5 cm. This treatment was found to be statistically at par with D₃ (10 cm planting depth), which produced 1.68 spikes per plant. In contrast, the minimum number of spikes per plant (1.47) was observed under treatment D₁, where a shallow planting depth of 5 cm was maintained. The results indicated that spike production per plant, per plot, and per hectare increased with increasing planting depth up to 7.5 cm, after which a slight decline was observed at greater depth. The superior performance at 7.5 cm depth may be attributed to improved bulb establishment and enhanced nutrient uptake due to the development of a stronger root system under moderately deeper planting conditions. Similar findings were reported by Hussain et al. (2016) in tuberose.

Florets per spike

            A significantly higher number of florets per spike (26.22) was recorded under treatment K₂, which involved the application of potassium at 200 kg ha⁻¹. In tuberose, a progressive increase in the number of florets per spike was observed with increasing levels of potassium, with the highest value obtained at 200 kg ha⁻¹. The increase in floret number may be attributed to enhanced nutrient uptake associated with higher potassium application. Potassium plays a vital role in photosynthesis and various physiological processes, thereby promoting improved floral development. Similar results were reported by Desai et al. (2017) in tuberose.

            A significantly higher number of florets per spike (25.66) was recorded under treatment D₂, which involved planting the bulbs at a depth of 7.5 cm. This result was statistically comparable to treatment D₃ (10 cm planting depth), which produced 24.58 florets per spike. In contrast, the lowest number of florets per spike (23.20) was observed under treatment D₁, where bulbs were planted at a shallow depth of 5 cm. The findings indicate that the number of florets per spike increased with increasing planting depth up to 7.5 cm, after which a slight decline was noted. The superior performance at 7.5 cm depth may be attributed to improved root development under moderately deeper planting conditions, which enhances nutrient absorption and promotes better vegetative growth and flowering. These results are in accordance with the findings of Tehranifar and Akbari (2012) in tuberose.

Number of bulbs per plant, bulbs per plot, and bulbs per hectare (lakh)

            A significantly higher number of bulbs per plant (6.08), bulbs per plot (194.67), and bulbs per hectare (1.99 lakh) was recorded under treatment K₂, which involved the application of potassium at 200 kg ha⁻¹. In tuberose, bulb yield per plant increased progressively with increasing levels of potassium, with the maximum yield observed at 200 kg ha⁻¹. The enhanced bulb production may be attributed to improved growth parameters such as plant height, number of leaves per plant, and leaf area, along with other yield-contributing traits. Potassium plays a crucial role in energy capture and its conversion into plant food materials, and it also facilitates protein synthesis, thereby promoting overall growth and productivity. Similar findings were reported by Kashyap et al. (2014) in tuberose.

               A significantly higher number of bulbs per plant (5.48), bulbs per plot (175.36), and bulbs per hectare (1.80 lakh) was recorded under treatment D₂, corresponding to a planting depth of 7.5 cm. The enhanced bulb yield at this depth may be attributed to the improvement in growth and flowering parameters associated with moderately deeper planting. A deeper rooting system facilitates more efficient nutrient absorption, thereby promoting better bulb development and overall productivity. These findings are in agreement with the results reported by Naeem et al. (2016) in lily.

Number of bulblets per plant, bulblets per plot, and bulblets per hectare (lakh)

                A significantly higher number of bulblets per plant (31.67), bulblets per plot (1013.33), and bulblets per hectare (35.18 lakh) was recorded under treatment K₂, which involved the application of potassium at 200 kg ha⁻¹. In tuberose, a progressive increase in bulblet yield per plant, per plot, and per hectare was observed with increasing levels of potassium, with the maximum yield obtained at 200 kg ha⁻¹. The enhanced production of bulblets may be attributed to improvements in growth parameters such as plant height, number of leaves per plant, and leaf area, along with other yield-contributing traits. These factors collectively promoted greater bulblet development under higher potassium application. Similar results were reported by Singh et al. (2016) in tuberose.

                A significantly higher number of bulblets per plant (24.91), bulblets per plot (797.33), and bulblets per hectare (27.68 lakh) was recorded under treatment D₂, which involved a planting depth of 7.5 cm, followed by D₃ (10 cm planting depth) with 22.91 bulblets per plant. In contrast, the lowest number of bulblets per plant (20.56) was observed under treatment D₁, corresponding to a planting depth of 5 cm. The yield of bulblets per plant increased with increasing planting depth up to 7.5 cm, where the maximum yield was recorded. This improvement may be attributed to enhanced growth and flowering parameters under moderately deeper planting conditions. A well-developed root system at optimal depth facilitates efficient nutrient absorption, thereby promoting higher bulblet production. These findings are in accordance with the results reported by Pal and Singh (2018) in tuberose.

Quality attributes
Spike length (cm)

              Treatment K₂, involving the application of potassium at 200 kg ha⁻¹, produced a significantly greater spike length (77.28 cm). The observed increase in spike length with higher potassium levels may be attributed to enhanced nutrient uptake. Potassium plays a crucial role in photosynthesis and overall plant metabolic activities, thereby promoting improved spike development. Similar findings were reported by Sharma et al. (2008) in tuberose. Treatment D₂, corresponding to a planting depth of 7.5 cm, resulted in a significantly greater spike length (74.09 cm). The data indicate that a planting depth of 7.5 cm was optimal for achieving maximum spike length in tuberose, whereas a slight decline was observed with further increases in planting depth. These findings are consistent with the results reported by Mane et al. (2006) in tuberose.

Spike diameter (cm)

           Treatment K₂, involving the application of potassium at 200 kg ha⁻¹, recorded a significantly greater spike diameter (0.99 cm). The diameter of the spike in tuberose increased progressively with increasing potassium levels up to 200 kg ha⁻¹, after which a slight decline was observed. This improvement may be attributed to the beneficial effects of potassium on plant physiological activities and overall growth. Similar findings were reported by Mahgoub et al. (2006) in iris.

              Treatment D₂, corresponding to a planting depth of 7.5 cm, recorded a significantly greater spike diameter (0.98 cm). The spike diameter in tuberose increased progressively with increasing planting depth up to 7.5 cm, after which a slight decline was observed. These findings are in agreement with the results reported by Arya and Singh (2006) in tuberose.

Floret length (cm)

 A significantly greater floret length (4.89 cm) was observed under treatment K₂, which involved the application of potassium at 200 kg ha⁻¹. The increase in floret length may be attributed to the role of potassium in regulating cell wall permeability, thereby facilitating enhanced water movement into floral tissues. Additionally, potassium contributes to improved nutrient metabolism and iron synthesis, which promotes cell enlargement and ultimately increases flower size. Similar findings were reported by Gajbhiye et al. (2013) in gladiolus.

              A significantly greater floret length (5.35 cm) was recorded under treatment D₂, corresponding to a planting depth of 7.5 cm. This was followed by treatment D₃ (10 cm planting depth), which produced a floret length of 4.09 cm. The minimum floret length (3.95 cm) was observed under treatment D₁, where bulbs were planted at a depth of 5 cm. These findings are in accordance with the results reported by Pal and Singh (2018) in tuberose.

Floret diameter (cm)

 The diameter of the floret was significantly influenced by different levels of potassium application. A significantly greater floret diameter (3.91 cm) was recorded under treatment K₂, which involved the application of potassium at 200 kg ha⁻¹. These findings are in close agreement with the results reported by Rajesh and Rao (2016) in gladiolus.

               A significantly greater floret diameter (3.84 cm) was recorded under treatment D₂, corresponding to a planting depth of 7.5 cm. This was followed by treatment D₃ (10 cm planting depth), which produced a floret diameter of 3.56 cm. The minimum floret diameter (3.47 cm) was observed under treatment D₁, where bulbs were planted at a depth of 5 cm. These findings are in agreement with the results reported by Pal and Singh (2018) in tuberose.

Rachis length (cm)


   The length of the rachis was significantly influenced by different levels of potassium application. A significantly greater rachis length (20.36 cm) was recorded under treatment K₂, which involved the application of potassium at 200 kg ha⁻¹. These findings are in close agreement with the results reported by Rajesh and Rao (2016) in gladiolus.

                 A significantly greater rachis length (20.33 cm) was recorded under treatment D₂, corresponding to a planting depth of 7.5 cm. This was followed by treatment D₃ (10 cm planting depth), which produced a rachis length of 18.90 cm. The minimum rachis length (18.47 cm) was observed under treatment D₁, where bulbs were planted at a depth of 5 cm. These findings are in agreement with the results reported by Pal and Singh (2018) in tuberose.

Diameter of bulb (cm)
             The diameter of the bulb was significantly affected by different levels of potassium application. The maximum bulb diameter (4.85 cm) was recorded under treatment K₂, which involved the application of potassium at 200 kg ha⁻¹. This was followed by treatment K₃ (250 kg ha⁻¹), which recorded a diameter of 4.70 cm, and treatment K₁ (150 kg ha⁻¹), which produced a diameter of 3.88 cm. These results are in close agreement with the findings reported by Rajesh and Rao (2016) in gladiolus.

              The diameter of the bulb in tuberose was significantly influenced by different planting depths. A significantly greater bulb diameter (4.38 cm) was recorded under treatment D₂, corresponding to a planting depth of 7.5 cm. This was followed by treatment D₃ (10 cm planting depth), which recorded a bulb diameter of 4.18 cm. The minimum bulb diameter (4.05 cm) was observed under treatment D₁, where bulbs were planted at a depth of 5 cm. These findings are in agreement with the results reported by Pal and Singh (2018) in tuberose.

Flower vase life (days)

               The vase life of tuberose cut flowers was significantly influenced by varying levels of potassium application. Treatment K₂, involving potassium at 200 kg ha⁻¹, recorded the maximum vase life (9.07 days). The post-harvest performance of tuberose cut flowers showed notable improvement under this potassium level, resulting in extended vase life. Sharma and Singh (2007) also reported similar findings in gladiolus. The enhanced vase life may be attributed to increased carbohydrate accumulation in vegetative tissues, leading to improved cell wall thickness and structural integrity, thereby prolonging flower longevity.

                  Furthermore, the maximum vase life of tuberose flowers was also observed at a planting depth of 7.5 cm. This improvement may be due to enhanced root development and efficient nutrient absorption at the optimal planting depth. These findings are in accordance with the results reported by Mane et al. (2006) in tuberose.
Conclusion

                    Based on the results obtained, it can be concluded that the application of potassium at 200 kg ha⁻¹ and a planting depth of 7.5 cm significantly enhanced vegetative growth parameters in tuberose, including bulb sprouting, plant height, number of leaves per plant, and leaf area. The earliest spike initiation, opening of the first floret, 50 per cent flowering, and first harvesting were also recorded under the same treatment combination. Moreover, maximum values for spikes per plant, per plot, and per hectare; florets per spike; bulbs per plant, per plot, and per hectare; and bulblets per plant, per plot, and per hectare were observed with the application of potassium at 200 kg ha⁻¹ and a planting depth of 7.5 cm. Similarly, superior quality parameters such as spike length, spike diameter, floret length, floret diameter, rachis length, bulb diameter, and vase life of flowers were recorded under these treatments. However, the interaction effect between potassium levels and planting depth was found to be non-significant for growth, flowering, yield, and quality parameters of tuberose.

Overall, the findings of the present investigation indicate that potassium application at 200 kg ha⁻¹ along with a planting depth of 7.5 cm is optimal for achieving improved growth, yield, and quality in tuberose.
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  Table 1: Effect of potassium levels & planting depth on growth of tuberose

	 Potassium
	Sprouting of bulbs

(days)
	Bulbs  sprouting

(%)
	  Shoots plant-1
	Height    of plant     (cm)
	Leaves plant-1
	Leaf area (cm2)

	P0 – 0 kg ha-1
	 8.11
	95.33
	3.50
	38.67
	40.03
	39.22

	P1 – 150 kg ha-1
	 7.90
	97.89
	3.91
	45.78
	47.89
	42.89

	P2 – 200 kg ha-1
	 7.40
	99.07
	4.89
	49.11
	51.77
	46.55

	P3 – 250 kg ha-1
	 7.78
	98.63
	4.49
	47.11
	47.92
	44.78

	SEm+
	 0.11
	 0.21
	0.19
	  1.10
	     0.79
	  0.78

	C.D. at 5%
	 0.33
	 0.62
	0.58
	  3.23
	 2.32
	  2.30


	 Planting depth


	
	
	
	
	

	D1 – 5 cm                          7.86
	97.19
	  3.83
	46.08
	    45.77
	42.24

	D2 – 7.5 cm
	     7.75
	98.24
	  4.44
	48.00
	    48.33
	     44.75

	D3 – 10 cm
	     7.77
	97.74
	  4.31
	46.08
	    46.60
	     43.08

	SEm+
	     0.09
	  0.21
	  0.17
	  0.95
	      0.68
	  0.67

	C.D. at 5%
	      -
	  0.62
	  0.50
	  2.80
	      2.01
	  1.99


           Interaction effect (P x D)
	    F test                          N.S.                     N.S.                 N.S.                N.S.                   N.S.                   N.S.


SE (m) ±                    0.24                     0.52                 0.42                 2.34                   1.68                   1.66
	
	


Table 2: Effect of potassium levels & planting depth on flowering of tuberose

	 Potassium
	 Spike  initiation (days)
	First  floret  opening  (days)
	50 per cent flowering (days)
	First  harvesting (days)
	
	39.22

	P0 – 0 kg ha-1
	     102.56
	14.22
	129.44
	 124.67
	
	

	P1 – 150 kg ha-1
	       99.44
	12.50
	119.44
	 118.44
	
	42.89

	P2 – 200 kg ha-1
	      98.22
	11.21
	107.78
	 113.33
	
	46.55

	P3 – 250 kg ha-1
	             99.22
	11.34
	114.11
	 113.99
	
	44.78

	SEm+
	              0.94
	0.52
	1.03
	1.07
	
	  0.78

	C.D. at 5%
	              2.76
	1.52
	3.02
	3.14


	 Planting depth


	
	
	
	
	

	P0 – 0 kg ha-1                      100.91
	            13.70   
	
	  120.50
	 121.16
	

	P1 – 150 kg ha-1
	       98.08
	               11.26
	
	  115.91
	 114.25
	

	P2 – 200 kg ha-1
	      100.58
	               11.98
	
	  116.66
	 116.91
	

	SEm+
	         0.81
	                 0.45
	
	     0.89
	     0.92
	

	C.D. at 5%
	         2.39
	                 1.32
	
	     2.62
	     2.72
	


         Interaction effect (P x D)

	     F test                                  N.S.                                 N.S.                               N.S.                                 N.S.                                    


SE (m) ±                            1.99                                 1.10                               2.18                                  2.27        

Table 3: Effect of potassium levels & planting depth on yield of tuberose

	Potassium (P)
	Spikes plant-1
	Spikes plot-1
	Spikes ha-1 (lakh)
	Florets spike-1              
	Bulbs plant-1       


	Bulbs plot-1

	Bulbs ha-1 (lakh)        
	Bulblets plant-1
	Bulblets plot-1

	Bulblets ha-1 (lakh)



	P0 – Control
	0.96
	43.93
	1.52
	21.33
	4.17
	133.55
	1.28
	13.22
	423.11
	14.69

	P1 – 150 kg ha-1
	1.45
	54.00
	1.87
	24.72
	4.67
	149.44
	1.68
	20.00
	640.00
	22.22

	P2 – 200 kg ha-1
	2.16
	68.98
	2.39
	26.22
	6.08
	194.67
	1.99
	31.67
	1013.33
	35.18

	P3 – 250 kg ha-1
	2.13
	68.49
	2.37
	25.67
	5.63
	180.09
	1.76
	26.33
	842.67
	29.25

	SEm+
	0.09
	2.17
	0.07
	0.54
	0.19
	6.24
	0.06
	0.76
	20.11
	0.69

	C.D. at 5%
	0.26
	6.38
	0.22
	1.59
	0.57
	18.31
	0.18
	2.25
	58.99
	2.04


	Planting depth
	   Spikes plant-1
	Spikes plot-1
	Spikes ha-1 (lakh)
	Florets spike-1          
	Bulbs plant-1       


	Bulbs plot-1

	Bulbs ha-1 (lakh)        
	Bulblets plant-1
	 Bulblets plot-1

	 Bulblets ha-1 (lakh)



	D1 – 5 cm
	1.47
	53.94
	1.86
	23.20
	4.85
	155.22
	1.55
	20.58
	658.66
	22.86

	D2 – 7.5 cm
	1.86
	61.91
	2.23
	25.66
	5.48
	175.36
	1.80
	24.91
	797.33
	27.68

	D3 – 10 cm
	1.68
	60.69
	2.01
	24.58
	5.08
	162.72
	1.66
	22.91
	733.33
	25.45

	SEm+
	0.07
	1.88
	0.06
	0.47
	0.16
	5.40
	0.05
	0.66
	17.42
	0.60

	C.D. at 5%
	0.23
	5.53
	0.19
	1.38
	0.49
	15.85
	0.15
	1.94
	51.09
	1.77

	Interaction effect (P x D)
	
	
	
	
	
	
	
	
	
	

	F test
	N.S.
	N.S.
	     N.S.
	               N.S.
	        N.S.
	     N.S.
	               N.S.
	       N.S.
	          N.S.
	            N.S.

	SE (m) ±
	0.19
	4.61
	     0.16
	               1.15
	        0.41
	    13.24
	              0.13
	       1.62
	         42.67
	1.48


Table 4: Effect of potassium levels & planting depth on quality of tuberose

	Potassium (P)
	Length of spike (cm)

	Diameter of spike (cm)


	Length of floret (cm)

	Diameter of floret (cm)

	Length of rachis (cm)


	Diameter of bulb (cm)

	Vase life of flower (days)


	P0 – Control
	65.23
	0.76
	4.05
	3.28
	18.40
	3.40
	7.49

	P1 – 150 kg ha-1
	70.24
	0.85
	4.41
	3.56
	18.49
	3.88
	8.06

	P2 – 200 kg ha-1
	77.28
	0.99
	4.89
	3.91
	20.36
	4.85
	9.07

	P3 – 250 kg ha-1
	74.89
	0.93
	4.51
	3.75
	19.70
	4.70
	8.57

	SEm+
	1.20
	0.03
	0.17
	0.07
	0.21
	0.04
	0.11

	C.D. at 5%
	3.54
	0.11
	0.52
	0.22
	0.61
	0.13
	0.33


	Planting depth
	Length of spike (cm)
	Diameter of spike (cm)
	Length of floret (cm)
	Diameter of floret (cm)
	Length of rachis (cm)
	Diameter of bulb (cm)
	Vase life of flower (days)


	D1 – 5 cm
	69.91
	0.82
	3.95
	3.47
	18.47
	4.05
	7.63

	D2 – 7.5 cm
	74.09
	0.98
	5.35
	3.84
	20.33
	4.38
	9.05

	D3 – 10 cm
	71.72
	0.84
	4.09
	3.56
	18.90
	4.18
	8.20

	SEm+
	1.04
	0.03
	0.15
	0.06
	0.18
	0.04
	0.10

	C.D. at 5%
	3.07
	0.09
	0.45
	0.19
	0.53
	0.11
	0.29

	Interaction effect (P x D)
	
	
	
	
	
	
	

	F test
	    N.S.
	            N.S.
	N.S.
	N.S.
	N.S.
	N.S.
	N.S.

	SE (m) ±
	    2.56
	           0.08
	0.37
	0.1
	0.44
	0.09
	0.24




