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ABSTRACT 
Potassium is the major nutrient essential for the growth and development of plants. However, the usage of chemical 
potash fertilizers is uneconomical for the farmers, especially in developing countries. Hence the experiment was designed 
to evaluate the effect of potassium solubilizing bacteria on watermelon cultivation. In the study conducted, the two 
potassium solubilizing bacterial strains Enterobacter hormaechei 1110BP and Klebsiella variicola as consortium have 
proved as a promising biofertilizer for watermelon. This is the first report showing the usage of potassium solubilizing 
bacteria in watermelon cultivation. The in vivo studies on the germination of watermelon seeds in presence of 
Enterobacter hormaechei 1110BP and Klebsiella variicola have noticed earlier germination, an increase in germination 
percentage (68%), as well as a significant increase in the radical length and plumule length as compared to un-
inoculated seeds. The field experiment also revealed a 31.34% increase in the weight of fruits, a 24.55% increase in total 
sugar content, and a 10% increase in the yield of fruits.  
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INTRODUCTION 
Watermelon (Citrullus lanatus) is a warm-season crop. It is a popular fruit for fresh consumption and 
agro-processing. It contains about 6% sugar and 91% water. It is low in fat and sodium [1], hence it is a 
favorite fruit of diet-conscious people. The fruit has medicinal importance due to the presence of several 
bioactive components like lycopene, citrulline, vitamin C, vitamin A, etc. Lycopene which constitutes 
about, 40% compared to raw tomatoes, is of great interest to researchers due to its anti-cancer and other 
medicinal properties [2, 3]. 
The cultivation of watermelon demands the application of a huge quantity of potassium [4]. Several 
physiological and metabolic processes occurring in plants need potassium [5]. It is absorbed in the form 
of cation by plants [6]. It plays an important role in photosynthesis and it regulates water, oxygen, and 
carbon dioxide concentration in tissues [7]. Potassium activates nearly sixty different enzymes in 
plants. It is also essential for the production of energy (ATP). Simultaneously, it is involved in the 
formation and translocation of starch and sugar [8]. A very huge quantity of potassium is present in the 
soil but nearly 98% potassium is present in an unavailable form [9]. Hence the requirement of potassium 
is fulfilled through application in the form of chemical fertilizers. However, chemical potash fertilizers are 
expensive in countries like India as India is dependent on the import of potash fertilizers [8]. Moreover, 
chemical fertilizers exhibit several negative consequences on the environment and human health [10]. A 
very large number of soil microorganisms like Burkholderia spp., Bacillus spp., Panebacillus spp. [11, 12], 
Aspergillus spp. [13] etc. can convert insoluble potassium to soluble form which is easily absorbed by the 
plants. The application of such microorganisms as biofertilizers is an economical and eco-friendly 
alternative to chemical potash fertilizers.   
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MATERIAL AND METHODS 
Potassium solubilizing bacterial strains 
The two potassium solubilizing bacterial strains previously isolated from rhizospheric soil on 
Aleksandrov’s medium [14] were used in the study. The strains were identified based on morphological, 
biochemical, and 16S rRNA gene sequence analysis. 
1) Enterobacter hormaechei 1110BP (NCBI GenBank accession number - MH057393)  2) Klebsiella 
variicola (NCBI GenBank accession number - MN515153) 
In vivo  seed germination plate assay  
Fresh culture of Enterobacter hormaechei 1110BP and Klebsiella variicola was suspended separately in 
the sterile saline and cell density was adjusted to a specific value (OD600nm=0.16). Both cell suspensions 
were mixed in equal quantity (1:1). Watermelon seeds were surface sterilized and treated with saline 
suspension for 24 hrs. Further, seeds were kept on moist cotton in a Petri plate, and the plate was 
incubated in dark at room temperature. The germination of seeds was monitored daily and radicle (root) 
length and plumule (shoot) length [15] of seeds was measured after 8 days of incubation. Seeds dipped in 
sterile saline were served as ‘control’.  
Field trial 
The effect of Enterobacter hormaechei 1110BP and Klebsiella variicola consortium on the watermelon 
cultivation was studied on a private farm at Tirpan (16.7576174° N, 74.0623244° E), Panhala, 
Maharashtra, India. Watermelon: var. NS 750 (Namdhari) was used in the study. It is a high-yielding 
hybrid variety with a maturity of 80 - 85 days depending on the season. Fruit is with excellent bright red 
flesh having good juicy granular texture and sweetness of 12-13% total soluble solids (TSS).  
Trials were started in December 2020. The field was divided into equal parts as inoculated ‘Test’ plot and 
uninoculated ‘Control’ plot. Holes were prepared in the field 60 cm apart from each other. The distance 
between the rows was kept at approximately 180 cm. Two watermelon seeds were sown in each hole. 
The seeds treated with Enterobacter hormaechei 1110BP and Klebsiella variicola were sown in the ‘Test’ 
plot. Untreated seeds were sown in the ‘Control’ plot. On the 30th day of sowing, seedlings of the ‘Test’ plot 
were again inoculated with Enterobacter hormaechei 1110BP and Klebsiella variicola by drenching 
technique.  
Growth and yield analysis 
Watermelons were harvested on the 82nd day of sowing the seeds when tendrils closest to the fruit 
started drying out and turned brown. Five fruits were randomly collected from each plot and different 
parameters of fruits like weight, length, width, the weight of red pulp, the weight of seeds, etc. were 
recorded. The yield was determined based on the weight of all matured fruits in the plot.  
Chemical analysis of fruit juice 
The juice of inoculated and un-inoculated fruits was obtained and quantification of the total sugar content 
of juice was done by the phenol sulphuric acid method. The watermelon juice was diluted with water to 
prepare a sample. It was added with 1 ml 5% phenol, quickly followed by 5 ml concentrated H2SO4. The 
absorbance of the sample tube was recorded at 490 nm after 15 minutes of incubation. Finally, the total 
sugar concentration in the juice was determined with the help of the standard curve. 
 
RESULTS AND DISCUSSION 
Seed germination assay 
The germination study revealed that the watermelon seeds in presence of Enterobacter hormaechei 
1110BP and Klebsiella variicola (Fig. 1) have an early and vigorous germination process as compared to 
uninoculated seeds (Fig. 2).  
The treated seeds were seen to start germination on the 2nd  day of incubation while untreated seeds 
started germination on the 5th day of incubation. The germination was only 4 % in untreated seeds and it 
was 28 % in treated seeds on the 5th day. On the 8th day, 68% of treated seeds recorded germination 
however, in the case of untreated seeds germination was only 20%.  Simultaneously the plumule length in 
inoculated seeds was significantly higher in comparison with uninoculated seeds. Further, all 
uninoculated seeds were failed to develop embryonic roots however, 36% of inoculated seeds recorded 
root development on the 8th day of incubation (Table 1). 
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Fig 1. Germination analysis of watermelon seeds inoculated with Enterobacter hormaechei 1110BP and 

Klebsiella variicola 
 

 
Fig. 2 Germination of watermelon seeds in absence of Enterobacter hormaechei 1110BP and Klebsiella 

variicola 
 

Table 1 Evaluation of effects of Enterobacter hormaechei 1110BP and Klebsiella variicola on the 
germination of watermelon seeds on 8th day 

Parameter % of germination Radicle length (cm) Plumule length (cm) 
EK 68 2.0±0.5 6.30±3.01 
Control 20 - 0.42±0.5 

EK: Watermelon seeds treated with Enterobacter hormaechei 1110BP and Klebsiella variicola; Control: 
Untreated watermelon seeds 
 

Table 2 Different parameters of watermelon fruit at the time of harvest 
Treatment Weight of 

fruit (kg) 
Pulp weight

(kg) 
Weight of 
seeds (g) 

Rind 
weight (g) 

Length of 
fruit (cm) 

Width of fruit at 
the center (cm) 

Total 
sugar (%) 

EK 10.05 
±5.02 

9.68 
±1.32 

49.05 
±0.42 

313.66 
±0.78 

58.0 
±1.12 

24.5 
±0.23 

10.02 
±0.34 

CONTROL 6.90 
±6.22 

6.56 
±2.22 

47.79 
±0.56 

302.21 
±0.55 

47.5 
±1.37 

17.5 
±0.12 

7.56 
±0.53 

EK: Enterobacter hormaechei 1110BP and Klebsiella variicola inoculated seedlings; Control: Un-inoculated 
seedlings. The values represent the average values ± SD 
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Watermelon field trials 
Application of Enterobacter hormaechei 1110BP and Klebsiella variicola to watermelon have shown 
promising effects on the growth of the watermelon plant along with the enhancement in yield and quality 
of fruits (Table 2). The length of vines was seen to increase in inoculated watermelons as compared to 
uninoculated plants. Simultaneously a significant increase in the size and weight of fruits in the inoculated 
plants were recorded. The weight of inoculated fruits ranged from 8.5 kg to 11.6 kg while the weight of 
uninoculated fruits ranged from 6.2 to 7.6 kg. The overall yield of watermelon was seen to increase by 
10% in Enterobacter hormaechei 1110BP and Klebsiella variicola inoculated field in comparison to the un-
inoculated plot.  
The watermelons of inoculated plants were identified a white powdery deposit on the surface which is an 
indication of increased sugar levels in the fruits. The chemical analysis of the total sugar content of fresh 
juice confirmed the enhancement of the sweetness of the fruit. The inoculated fruits recorded 24.55% 
increased sugar content over uninoculated fruits.  
Thus the overall increase in the size, yield, and quality of watermelon fruits could be attributed to the 
supply of potassium through potassium solubilization activity of Enterobacter hormaechei 1110BP and 
Klebsiella variicola consortium.  
According to previous research, potassium is seen to be present in the highest concentration in 
watermelon fruit as compared to nitrogen and phosphorous [16]. This indicates the importance of 
potassium among the three macronutrients N, P, and K for watermelon production. Thus, the powerful 
potassium solubilization capacity of Enterobacter hormaechei 1110BP and Klebsiella variicola consortium 
may have contributed to the significant increase in the weight of fruits. Several research studies have 
documented the increase in the weight, width, number, and quality of watermelon fruits after adequate 
potassium fertilization [4, 17, 18]. The NPK requirement of watermelon is high. However long term and 
heavy application of inorganic fertilizers decreases fruit number and delays the maturation of fruits [19, 
20]. Moreover, the application of inorganic fertilizers increases the cost of watermelon production. In this 
context, the application of potassium solubilizing Enterobacter hormaechei 1110BP and Klebsiella 
variicola is an economical solution for acquiring profit in watermelon farming. The previous research 
studies have documented the positive effect of Azotobacter [21] and Bacillus spp. [22] on the growth of 
watermelon. 
 
CONCLUSION 
In today's world, indiscriminate usage of chemical fertilizers to increase crop yield has emerged as a 
serious issue in agriculture due to their hazardous effects on the ecosystem. The application of plant 
beneficial microorganisms in the soil could help to save the ecosystem. Potassium is an essential nutrient 
in the growth and development of all types of plants. The huge cost of chemical potash fertilizers makes it 
unaffordable for Indian farmers. The present research work proves the beneficial effects of potassium 
solubilizing bacteria Enterobacter hormaechei 1110BP and Klebsiella variicola on the cultivation of 
watermelon. Thus, the exploitation of these bacteria as potash biofertilizers to increase crop productivity 
is a cheap alternative to chemical potash fertilizers for sustainable agriculture. 
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