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Abstract 
The bio inoculants plays a crucial role in reducing the inorganic fertilizer application and increasing the 

flowers quality and yield besides maintaining soil fertility. With this background, an experiment “Effect 

Of Bio inoculants with Graded Levels of potassium on flower quality and yield of Chrysanthemum 

(Chrysanthemum morifolium Ramat.) Under Protected Condition” was conducted at the department of 

Horticulture, College of Agriculture, Shivamogga during 2021-22. Ten treatments were replicated thrice 

in Randomized Complete Block Design. The observations were recorded on various flower quality and 

yield parameters. Among all treatments T7 (100% N & P+ 75% K + KSB+ KSF) recorded highest 

individual flower weight (6.36 g), flower diameter (6.69 cm), shelf life (7.17 days), vase life (12.00 

days), number of flowers per plant (77.93), flower yield per plant (360.60 g), per m2 (4.16 kg) and per 

poly house (2.6 t/560 m2), number of suckers per plant (7.21), per m2 (68.11) and per polyhouse 

(28607.6). While, lowest was recorded under control. Hence, it is concluded that application of 75 per 

cent potassium and 100 per cent nitrogen and phosphorous along with bio inoculants is most effective in 

enhancing the flower quality and yield characters of chrysanthemum. 

 

Keywords: Chrysanthemum, bio inoculants, potassium, protected condition, flower quality and yield 

 

Introduction 

The field of floriculture is evolving into a high-tech, interdisciplinary frontier area based on 

scientific excellence. The Indian government has designated floriculture as a sunrise sector and 

commercial floriculture has developed into a high-tech operation that takes place in a 

greenhouse under controlled climatic conditions.  

Chrysanthemum (Chrysanthemum morifolium Ramat.), a member of the Asteraceae family 

with the diploid chromosome number 2n = 36, is one of the most fascinating and ancient 

flower crops. It is indigenous to the northern hemisphere, primarily in Asia and Europe. 

Among the flower crops in the world, it ranks second in the international cut flower trade next 

to rose in importance among the flower crops in the world. Chrysanthemum flower suitable for 

various purposes like bedding plant, border planting, decoration of vase and for garden 

display. Chrysanthemum is used in our country for making garlands, bracelets, veni, flower 

decoration and religious offerings. Due to wide range of colours, shapes and size of flowers it 

has earned tremendous popularity. Moreover, the utility and popularity of chrysanthemum has 

increased greatly with the technique of year round blooming habit due to its ability to produce 

flowers round the year using cultivars based on their sensitivity to photoperiods. 

The quality of flowers is primarily a varietal trait, it is greatly influenced by climatic, 

geographical and nutritional factors. Nutritional factors playing a major role to get good 

quality exportable blooms, higher yields and long lasting post-harvest life. Potassium is the 

third major essential macronutrient for plant growth and development. Being essential or vital 

nutrient for plant growth, potassium (K+) plays an important role in plant regulatory 

development including osmoregulation, plant-water relation and internal cation/anion balance, 

enzyme activation, protein and starch synthesis, respiratory and photosynthetic metabolism 

stomatal movement and water relations (turgor regulation and osmotic adjustment) by 

increasing protein production in plants (Rawat et al., 2016) [19]. 

Boodley (1975) [4] considered quality to be a function of nutrient level. Toxic levels of 

nutrients adversely affect the quality of ornamental plants and flowers. 
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Therefore, sufficient attention is needed to apply adequate 

quantity of nutrients through proper sources. By using 

inorganic fertilizers, one can get higher yield but 

indiscriminate use of chemical fertilizers has adverse effect on 

the soil structure, environment and fauna. Now-a-days, 

attention is being shifted towards alternate sources, i.e., 

organic manures and bio inoculants. Bio fertilizers or more 

appropriately called microbial inoculants are the preparations 

containing live or latent cells of efficient strains of 

microorganisms. These bio fertilizers are a cost effective 

renewable energy source and plays a crucial role in reducing 

the inorganic fertilizer application and at the same time 

increasing the quality and yield of flowers besides 

maintaining soil fertility. These may be biological nitrogen 

fixers, P-solubilizing, K-solubilizing and transformation of 

several elements into available forms. Common bio fertilizers 

used in horticulture crops are Azotobacter, Phosphorus 

solubilizing bacteria (Pseudomonas striata), Vesicular 

arbuscular mycorrhizal (VAM) fungi, Potassium solubilizing 

bacteria (Bacillus mucilaginosus) and Potassium solubilizing 

fungus (Aspergillus awamori). Efficient K-solubilizing 

microorganisms have been reported to enhance potassium 

uptake in plants leading to plant growth stimulation under 

polyhouse and field conditions. These K-solubilizing 

microorganisms (KSMs) could be applied as potential bio 

fertilizers along with application of rock K materials to 

provide a continuous supply of available potassium for 

increasing the crop yield. 

 

Materials and Methods 

The present investigation was carried out during 2021-22 at 

College of Agriculture, Navile, Shivamogga, Karnataka. 

Rooted terminal cuttings of chrysanthemum var. Kolar Local 

used for planting on ridges and furrows in plot size of 3.3m x 

1m with spacing 30 x 30cm (33 plants/plot). The experiment 

was laid out in a Randomized Complete Block Design 

(RCBD) with three replications. There were Ten treatments 

which were applied as., T1 -100% RDF (control); T2 -100% 

NPK + KSB; T3 -100% NPK + KSF; T4 -100% NPK + KSB+ 

KSF; T5 -100% N & P+ 75% K+ KSB; T6 -100% N & P+ 

75% K+ KSF; T7 -100% N & P+ 75% K+ KSB+KSF; T8 -

100% N & P+ 125% K+ KSB; T9 -100% N & P+ 125% K+ 

KSF; T10 - 100% N & P+ 125% K+ KSB +KSF.  

In the present investigation, five bio inoculants were used, 

namely Bacillus mucilaginosus, Aspergillus awamori, 

Azotobacter chroccacum, Pseudomonas striata and Glomus 

fasciculatum were applied at 5 days before planting. Bio 

inoculants were mixed along with FYM and directly applied 

to the soil and the observations on growth and flower yield 

parameters were recorded from the tagged plants and the data 

were analyzed scientifically and interpreted the results and 

discussed as below. 

 

Results and Discussion 

The results of the experimental study are reported and listed 

in Table 1 and 2. 

 

Flower quality parameters 

The ultimate aim of any grower is to get increased yield of 

crop, followed by quality, which realizes more revenue. 

Among the several parameters which either directly or 

indirectly influence the yield and quality of chrysanthemum. 

In the parameters flower weight, flower diameter, shelf life 

and vase life significant differences were observed among the 

treatments (Table 1).  

 

Flower weight (g) 

Flower weight influenced significantly due to different 

treatments. The plants treated with 100 per cent N and P and 

75 per cent K along with KSB and KSF (T7) recorded 

maximum flower weight of 6.36 g which was significantly 

higher than all other treatments and it was statistically on par 

with T4 (6.01 g). Whereas, T1 (100% RDF) recorded 

minimum flower weight (4.10 g). The significant increase in 

average flower weight may be due to higher potassium 

availability through KSMs and RDF. Due to better physical 

condition of soil and increased population of micro flora, 

thereby enhanced availability of nutrients through 

solubilization and mobilization process. Moreover, bio 

fertilizers produce the growth stimulating substances viz., 

auxin, gibberellins and cytokinins which contribute towards 

vigorous growth of the plant. This in turn increases 

photosynthesis and enhances food accumulation and also 

diversion of photosynthates towards sink resulting in better 

quality flowers. Difference in dry matter production and its 

distribution into different plant parts (leaf, stem and flower) 

with the inoculation of bio-inoculants were mainly 

responsible for the increased in flower yield, number of 

flowers and flower size. The earlier study of Swaroop (2011) 
[23] also confirms these findings in marigold, Kirar et al. 

(2014) [9] in China aster.  

 

Flower diameter (cm) 

Flower diameter was considerably influenced by different 

treatments, with the maximum flower diameter (6.69 cm) 

observed when the plants were given (100% N and P + 75% 

K + KSB+ KSF) (T7), which was statistically comparable to 

T4 (6.13 cm). Under T1, the minimum flower diameter of 4.13 

cm was recorded (100% RDF). This may be assigned to early 

breaking of apical dominance followed by easy and better 

translocation of nutrients to the flowers brought about by 

inoculation with beneficial microbial inoculants like KSB and 

KSF. Potassium in soil which helps the plant in healthy 

growing condition resulting into the production of flower 

having more diameter. KSMs might have helped in increasing 

potassium availability by solubilizing fixed potassium in soil 

and making it available to plant and release the enzymes 

resulting in the production of larger flowers. Similar results 

are reported by Verma et al. (2011) [25] and Laishram (2013) 
[12] in chrysanthemum.  

 

Shelf life (days) 

The flower's shelf life differed considerably between 

treatments. T7 (100% N and P + 75% K + KSB+ KSF) had the 

longest shelf life (7.17 days) and was statistically comparable 

to T4 (6.15 days). The RDF (T1) has the shortest floral shelf 

life (3.17 days). It may be due to higher retention of water in 

the cells of flowers and flower desiccation as caused due to 

the beneficial effect of bio fertilizer like KSB, KSF and FYM. 

These findings are matching with those of Mashaldi (2000) 
[13]. 

 

Vase life (Days) 

Flowers vase life differed substantially between treatments. 

Treatment T7 (100% N and P + 75% K + KSB+ KSF) had the 

longest vase life of 12.00 days, followed by the treatment T4 
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(100% NPK + KSB+KSF) (10.67 days). The treatment 100 

per cent RDF (T1) had the shortest flower vase life (7.33 

days). It might also be due to the presence of ethylene 

inhibitors or due to the presence of cytokinins which delay 

senescence of flowers. These findings are matching with 

those of Mashaldi (2000) [13] in marigold Verma et al., 2011 
[25] and Palagani et al., 2013 [17] in chrysanthemum.  

 

Flower and sucker yield and its attributing characters 

The data measured on flower yield aspects viz., number of 

flowers per plant, flower yield per plant, flower yield per m2, 

flower yield per 560m2, number of suckers per plant, number 

of suckers per m2 and number of suckers per 560 m2 as 

influenced by different treatments are presented in the Table 

2. 

In terms of the number of flowers produced per plant, 

different treatments had a considerable impact. Plants 

inoculated with 100 per cent N and P + 75 per cent K + KSB+ 

KSF (T7) produced more flowers (77.93) and were 

statistically comparable with T4 plants (76.13). T1 (100% 

RDF) was found to have the least flowers per plant (54.76). In 

terms of the flowers yield produced per plant, different 

treatments had a considerable impact. Plants inoculated with 

100 per cent N and P + 75 per cent K + KSB+ KSF (T7) 

produced higher flower yield (360.60 g) and were statistically 

comparable with T4 plants (347.58 g). T1 (100% RDF) was 

found to have the least flowers per plant (248.41 g). The 

higher yield per m2 was observed in T7 (100% N and P + 75% 

K + KSB+ KSF) (4.16 kg) and it was on par with T4 (100% 

NPK+ KSB+KSF) (3.86 kg) and T10 (100% N and P+125% 

K+KSB+KSF) (3.65 kg).Whereas, the lowest yield per m2 

was recorded in T1 (100% RDF) (2.81 kg). Among all the 

treatments, T7 (100% N and P + 75% K + KSB+ KSF) 

registered the maximum yield per 560 m2 (2.68 t) and it was 

at par with T4 (100% NPK+ KSB+KSF) (2.55 t). The 

minimum yield was recorded in T1 (100% RDF) (1.99 t).  

In treatment T7 (100% N and P + 75% K + KSB+ KSF) the 

maximum number of suckers are produced (7.21) and it was 

compatible with T4 (100% NPK+ KSB+KSF) (6.89). 

However, the minimum number of suckers are produced in T1 

(100% control) (4.81). In terms of the sucker yield produced 

per m2, plants inoculated with 100 per cent N and P + 75 per 

cent K + KSB+ KSF (T7) produced higher sucker yield 

(68.11) and were statistically comparable with T4 plants 

(65.11). T1 (100% RDF) was found to have the least suckers 

per m2 (38.06). The higher sucker yield per 560 m2 was 

observed in T7 (100% N and P + 75% K + KSB+ KSF) 

(38143.5) and it was on par with T4 (100% NPK+ KSB+KSF) 

(36460.7) and T10 (100% N and P+125% K+KSB+KSF) 

(35338.5).Whereas, the lowest suckers yield per 560 m2 was 

recorded in T1 (100% RDF) (21315.5).  

Increase in yield of flowers due to active and rapid 

multiplication of microorganisms especially in rhizosphere 

creating favourable condition for nitrogen fixation and 

potassium solubilization at higher rate through nitrogen 

supply by nitrogenous fertilizers and supply of other nutrients, 

bacterial secretion, hormone production and supply of 

antibacterial and antifungal compounds, which were 

favourable for growth and ultimately increased yield (Kumar 

et al., 2009) [10] in marigold.  

The possible reason for better performance of yield attributes 

and higher yield could be due to possible role of KSB, KSF, 

Azotobacter, VAM and PSB through uptake of nutrients and 

water, higher leaf number and area. More photosynthesis 

enhanced food accumulation which might have resulted in 

better plant growth and subsequently higher number of 

flowers per plant and hence more number of flower yield per 

hectare. Moreover, presence of growth promoting substances 

such as auxin, gibberellins and cytokinin due to presence of 

bio fertilizers would have also contributed in development 

and accumulation of sink resulting in better growth and 

subsequently higher number of flowers per plant and higher 

flower yield per 560m2. The results are in agreement with the 

earlier findings of Thumar et al., 2013 [24] and Jadhav et al., 

2014 [8] in marigold, Patanwar et al., 2014 [18] in 

chrysanthemum, Sheergojri et al., 2013 [20] in dahlia, 

Meshram et al., 2008 [15] in chrysanthemum. 

 
Table 1: Effect of bio inoculants with graded levels of potassium on flower quality parameters of Chrysanthemum 

 

Treatments Individual flower Weight (g) Flower diameter (cm) Shelf life (days) Vase life (days) 

T1 100% RDF 4.10 4.13 3.17 7.33 

T2 100% NPK + KSB 5.23 5.83 4.66 8.33 

T3 100% NPK + KSF 4.82 4.74 3.17 8.67 

T4 100% NPK+ KSB+ KSF 6.01 6.13 6.15 10.67 

T5 100% N & P+ 75% K+ KSB 5.85 5.89 5.67 10.33 

T6 100% N & P+ 75% K + KSF 5.21 4.83 4.83 9.67 

T7 100% N & P+ 75% K + KSB+ KSF 6.36 6.69 7.17 12.00 

T8 100% N & P+ 125% K+ KSB 5.47 5.49 5.67 8.67 

T9 100% N&P+ 125% K + KSF 4.76 4.99 4.17 8.33 

T10 100% N&P+ 125% K+ KSB+ KSF 5.31 6.03 5.14 10.67 

S. Em ± 0.19 0.17 0.22 0.47 

C.D. @ 5% 0.56 0.50 0.65 1.40 

Note: 

RDF - 40: 60: 40 kg N P2O5 K2O acre-1 

FYM – 8 t acre -1 common for all treatments 

Bio-inoculants: 5 kg acre-1 

KSB- Potassium Solubilizing Bacteria (Bacillus mucilaginosus) 

KSF- Potassium Solubilizing Fungus (Aspergillus awamori) 

FYM, Azotobacter chroccacum, VAM - Vesicular Arbuscular Mycorrhiza (Glomus fasciculatum) and PSB (Pseudomonas striata) at 5 kg per 

acre is common for all treatments. 
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Table 2: Effect of bio inoculants with graded levels of potassium on flower yield and its attributing characters of Chrysanthemum 

 

 

Treatments 

Number of 

flowers per 

plant 

Flower yield 

per plant (g) 

Flower yield 

per m2 (kg) 

Flower yield 

per 560m2 (t) 

Number of 

suckers per 

plant 

Number of 

suckers per 

m2 

Number of 

suckers per 

560m2 

T1 100% RDF 54.76 248.41 2.81 1.99 4.81 38.06 21315.5 

T2 100% NPK + KSB 65.11 270.45 3.41 2.38 6.29 58.10 32534.1 

T3 100% NPK + KSF 58.10 260.60 3.01 2.26 6.08 47.08 26363.9 

T4 100% NPK+ KSB+ KSF 76.13 347.58 3.86 2.55 6.89 65.11 36460.7 

T5 100% N & P+ 75% K+ KSB 71.12 290.48 3.61 2.45 6.41 61.10 34216.9 

T6 100% N & P+ 75% K + KSF 62.10 265.44 3.01 2.26 5.85 56.09 31412.3 

T7 100% N & P+ 75% K + KSB+ KSF 77.93 360.60 4.16 2.68 7.21 68.11 38143.5 

T8 100% N & P+ 125% K+ KSB 68.11 281.45 3.41 2.33 6.24 51.09 28607.6 

T9 100% N&P+ 125% K + KSF 62.10 260.43 3.31 2.18 5.30 44.07 24681.2 

T10 100% N&P+ 125% K+ KSB+ KSF 74.99 320.85 3.65 2.49 6.63 63.11 35338.5 

S. Em ± 2.40 8.40 0.12 0.08 0.20 1.60 1273.14 

C.D. @ 5% 7.12 24.95 0.36 0.23 0.61 4.75 3782.69 

Note: 

RDF - 40: 60: 40 kg N P2O5 K2O acre-1 

FYM – 8 t acre -1 common for all treatments 

Bio-inoculants: 5 kg acre-1 

KSB- Potassium Solubilizing Bacteria (Bacillus mucilaginosus) 

KSF- Potassium Solubilizing Fungus (Aspergillus awamori) 

FYM, Azotobacter chroccacum, VAM - Vesicular Arbuscular Mycorrhiza (Glomus fasciculatum) and PSB (Pseudomonas striata) at 5 kg per 

acre is common for all treatments 
 

 
 

Plate 1: Shelf life of different bio inoculants treated flowers 
 

 
 

Plate 2: Vase life of different bio inoculated treated flowers 

 

Conclusion 

From the present investigation it can be concluded that, 

application of 75 per cent potassium and 100 per cent nitrogen 

and phosphorous along with bio inoculants (KSB- Bacillus 

mucilaginosus, KSF- Aspergillus awamori, Azotobacter 

chroccacum, VAM- Glomus fasciculatum and PSB- 

Pseudomonas striata) is most effective in enhancing the 

growth, flowering, yield and quality characters of 

chrysanthemum. This also suggests the potential for lowering 

the recommended potassium fertilizer dosage up to 25 per 

cent along with bio inoculants, which is economical and eco-

friendly for chrysanthemum farming. 
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