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ABSTRACT: Oryza sativa L. family - Poaceae, locally known as Nellu in Tamil, Paddy in English. The 

increased population of the world needs more food to live on the earth. Biofertilizers have attracted 

greater attention particularly in developing countries like India as a substitute for costly chemical 

fertilizers. The O. sativa seeds cultivated in poly bag contain the red soil.  After five days of seeds 

germination, the seedling treated with biofertilizer, vermicompost, chemical fertilizer individually and 

in combination and watered daily. The plant height, shoot length, lamina length and width were observed 

periodically on 10th, 20th, 30th and 40th days of cultivated plant.  The chlorophyll-a, b, and total 

chlorophyll contents estimated from the control and experimental leaves on 40th days of cultivation.  The 

maximum content of total chlorophyll recorded in O. sativa G6 group (24.93 ±1.53µmg/g) followed by 

G8 (23.93±1.16 µg/g), G3  (23.51±0.43µg/g), G2 (22.76 ±0.52µg/g)  respectively. The chlorophyll-a, 

higher values were recorded in G6 (8.28±0.86µg/g) followed by G3 (7.67±1.45µg/g) and G8 (7.65±0.75 

µg/g) group leaves. The better content of Chlorophyll-b recorded in G6 (16.71 ±0.67 µg/g) followed by 

G8 (16.34 ±0.41µg/g) and G3 (15.89 ±0.98µg/g), and lowest was recorded in G7 (10.35 ±0.09µg/g) 

respectively.  The present investigation has proved that the combination of phosphobacteria and 

vermicompost is an active fertilizer mixture for the influence of better plant growth and enrichment the 

chlorophyll content in O. sativa.   
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1.INTRODUCTION 

Cultivation of plants, animals, birds and other life forms for food, fibers, biofuels and additional 

products for the supreme beingness of human life. Today, global agriculture is at crossroads as a 

consequence of the climatic change, increased population pressure and detrimental environmental 

impacts. The increased population needs more food to live on the earth. Indian agriculturalists 

are in a position to improve our food production within the available cultivated land. Application 

of commercial fertilizers to the soil is more expensive and also resulted in soil degradation. A new 

mechanism should be found to ensure food security through sustainable crop production systems 

that supply adequate nutrition, without harming the agroecosystem [1]. Biofertilizers have 

focused greater attention in developing countries like India as a substitute for chemical fertilizers. 

They can be treated to seed, root or soil mobilize the availability of nutrients by their biological 

activity and turn the soil health in general. Biofertilizers provide eco-friendly organic agro-input 

and are more cost effective than chemical fertilizers [2]. Biofertilizers containing beneficial 

bacteria, algae, and fungi improve soil chemical and biological characteristics, phosphate solutions 

and agricultural production [3],[4]. Microbial fertilizers are essential to environment-friendly 

sustainable farming practices [5]. The Biofertilizers includes mainly the nitrogen-fixing, phosphate 

solubilizing and plant growth promoting microorganisms [6]. These microorganisms require organic 

matter for their growth and activity in soil and provide valuable nutrients to the plant [7]. 

Biofertilizers are eco-friendly fertilizer, which improves soil quality and provide yield increments. 

It dramatically benefits a farmer with only a minimal input cost [8],[9],[10]. Rice is a staple food 

for about 50 percent of the world’s population that resides in Asia, where 9 0 %  of the world’s 

rice is grown and consumed. In Asia, India has the most significant area for cultivation under rice 

(41.66 million ha) accounting for 29.4 percent of the global rice area. Of the total area, about 46 

percent irrigated, 28 percent is rainfed lowland, 12 percent is rainfed upland, and 14 percent is flood-

prone [11]. Rice is a staple food crop of 63 to 65 percent people of India. The 96.7 million tons rice 

yield at present from the paddy plants grown in 43 million hectares of land. Its production of rice has 

to be raised to 160 million tons by 2030 with a minimum annual growth rate of 2.35 percent [12]. The 

present investigation helps to find out the exact fertilizer to enhance the growth and chlorophyll 

content of plant and will improve the quantity and quality of rice production.  

2.MATERIALS AND METHODS 

Plant material and cultivation 

Oryza sativa L. (Nellu in Tamil language and paddy in English) is a perennial grass in the Poaceae 

(grass family) that originated in India. Oryza sativa seeds procured from the Tamil Nadu Agriculture 

University, Paiyur, Krishnagiri District, Tamil Nadu and the seeds cultivated in poly bag contain the 

red soil at Botanical Garden, PG & Research Department of Botany, Government Arts College for 

Men, Krishnagiri. After five days of seeds germination, the seedling treated with biofertilizer, 
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vermicompost, and chemical fertilizer individually and in combination (Table 1). The plants were 

watered daily in a traditional method. 

Table 1: Design of the experiment 

Name of the Group Nature of fertilizers applied to Oryza sativa   

G0 Control (Free to fertilizer) 

G1 Vermicompost  - 50 g/pot  

G2 Azospirillum (Biofertilizer) -50 g/pot 

G3 Phosphobacteria (Biofertilizer) -50 g/pot 

G4 Azospirillum + Vermicompost – 25 +25g/ pot 

G5 Azospirillum +  Phosphobacteria  - 25 +25g/ pot 

G6 Phosphobacteria + Vermicompost  - 25 +25g/ pot 

G7 Urea  - 10 g/pot 

G8 DAP  - 10 g/pot 

Morphological analysis of Oryza sativa leaves 

The plant height, shoot length and length and width of leaves were observed periodically on 10th, 

20th, 30th and 40th days of cultivated plant.  

Biochemical analysis of leaves 

The chlorophyll-a, b and total chlorophyll contents of the leaves estimated from the control and 

experimental O. sativa. 

Determination of chlorophyll pigments 

The quantity of total chlorophyll, chlorophyll-a, and chlorophyll-b contents was estimated using the  

Arnon’s method [13].  250 mg of fresh leaf tissues homogenized with 10 ml of 80 % acetone. Then 

the content was centrifuged at 3000 rpm for 15 min. After centrifugation, the supernatant transferred 

in the separate test tube. The residue was mixed with 5 ml of 80 % acetone and centrifuged again 

then the supernatant was collected and transferred in to already collected one, the step repeated until 

the pellet become colorless.  The supernatant made up to 10 ml with 80 % acetone, and then the 

extract observed at 663 nm and 645 nm in a spectrophotometer.  The chlorophyll content of the 

leaf calculated by the following formula and noted in the content of chlorophyll pigment in µg/gram 

weight of fresh leaf tissue.  

µg of chlorophyll-a/g tissue = 12.7 (A663)-2.69 (A645) xv/1000 x w   

µg of chlorophyll-b/g tissue = 22.9 (A645)-4.68 (A663) x v/1000 x w   

µg total chlorophyll/g tissue = 20.2 (A645)+8.02 (A663) x v/1000xw  

      Where,  

            A = absorbance on specific wavelengths 

            V = final volume of chlorophyll extract in 80 % acetone    

            W = fresh weight of tissue extracted 
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Statistical analysis 

All experiments carried out thrice, and the data values recorded.  The data were analyzed 

statistically using standard deviation and also calculated standard error.  The processed data were 

tabulated in tables and represented in the form of a bar diagram of the graph.         

3.RESULTS AND DISCUSSION 

The morphological character of Oryza sativa     

The morphological parameters of plant height, leaf sheath length, and width of lamina were 

measured (Table 2 & 3, Graph 1-3) from the control and experimental O. sativa   (G0-G8). The 

maximum height of paddy observed in phosphobacteria + vermicompost treated plant (53.1±0.78 

cm) compare to control (42.2 ±0.79 cm) Table - 2 and Graph - 1. All the paddy plants (G1-G7 groups) 

height observed between 43.4±0.80 and 53.1±0.78 cm except G8 (40.5±1.25) compare to control 

plant (G0 - 42.2 ±0.79).   The maximum lamina length and width saw in G6 group of paddy show 

26.2±1.75 x 0.82±1.24 cm, and the minimum value as recorded in vermicompost treated paddy 

(19.5±0.68 x 0.74±0.38 cm).  The better lamina length and width were observed in plant treated 

with Azospirillum, phosphobacteria, vermicompost and chemical fertilizer alone and in combination 

compared to control (G0) Table -3 and Graph - 2 &3. In this study revealed that the phosphobacteria 

+ vermicompost are more responsible for regulating the plant growth and the formation of maximum 

length and width of the leaf (Table 2 & 3). Similarly, the chemical fertilizer DAP is suitable for 

maximum growth development of paddy compare to urea.   

Table 2: Growth performance (height) of O. sativa by the influence of fertilizers and            

vermicompost at different time intervals (days) 

 

 

 

 

 

 

 

 

 

 

 

 

The observed data revealed that the paddy grows successfully by the influence of applied fertilizers; 

among the fertilizers, phosphobacteria + vermicompost combined organic fertilizer is suitable for 

Name of the  

Group 

Plant height (cm) in days 

10 20 30 40 

G0 14.12±0.92 24.62±0.46 33.7±0.46 42.2 ±0.79 

G1 15.23±1.04 25.4±0.90 34.2±1.37 43.4±0.80 

G2 13.52±0.31 23.7±0.74 37.10±1.13 47.5±1.02 

G3 15.12±0.26 25.9±0.07 38.8±0.70 48.3±0.72 

G4 15.69±0.72 26.10±1.03 39.8±0.52 46.9±1.20 

G5 14.32±1.08 24.03±0.68 36.7±0.55 44.5±1.23 

G6 14.37±0.43 27.6±0.66 41.02±0.68 53.1±0.78 

G7 14.02±0.74 26.62±0.46 40.32±0.61 51.9±0.92 

G8 12.17±0.64 21.2±0.46 32.68±0.41 40.5±1.25 
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the successful growth of paddy (Table 2). 

 

Graph 1: Growth performance (height) of O. sativa by the influence of fertilizers and 

vermicompost  at different time intervals (days) 

G0- Control, G1 – Vermicompost, G2- Azospirillum, G3- Phosphobacteria, G4 - Azospirillum+ 

Vermicompost, G5 – Azospirillum + Phosphobacteria, G6 Phosphobacteria + Vermicompost,             

G7 – Urea, G8- DAP 

The graph expresses the processed data in the form of bar diagram expose that the phosphobacteria 

+ vermicompost combination is suitable for efficient growth of paddy compared to all other 

treatment (Graph - 1) group.  

Table 3: Growth performance (leaf sheath length and width) of the O. sativa by the influence 

of fertilizers and vermicompost at different time intervals (days) 
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Name 

of the  

Group 

The surface area of leaf sheath (cm) in days 

Leaf sheath length Leaf sheath width 

10 20 30 40 10 20 30 40 

G0 3.20±0.17 12.14±1.59 19.34±1.59 21.8±0.67 0.39±0.10 0.44±0.05 0.48±0.05 0.54±0.36 

G1 4.80±0.72 7.05±1.15 16.8±1.84 19.5±0.68 0.40±0.12 0.48±0.04 0.56±0.09 0.74±0.38 

G2 3.90±0.38 7.98±0.37 18.2±0.88 22.4±0.69 0.43±0.14 0.52±0.04 0.57±0.05 0.68±0.42 

G3 5.90±1.74 8.60±0.09 19.18±0.91 21.9±0.70 0.39±0.10 0.48±0.04 0.58±0.09 0.71±0.53 

G4 4.30±2.12 6.18±1.35 20.56±0.51 23.7±0.82 0.40±0.04 0.42±0.03 0.44±0.05 0.48±0.64 

G5 2.80±0.54 16.90±0.67 20.16±1.85 21.3±1.62 0.41±0.12 0.54±0.14 0.62±0.17 0.69±0.74 

G6 2.80±0.18 9.10±1.72 16.9±0.67 26.2±1.75 0.38±0.17 0.44±0.05 0.54±0.14 0.82±1.24 

G7 2.90±0.04 10.10±1.59 17.2±1.65 19.8±1.76 0.36±0.10 0.39±0.14 0.44±0.05 0.54±1.25 

G8 2.90±0.74 11.80±1.59 17.5±1.45 22.7±1.89 0.41±0.50 0.53±0.24 0.58±0.09 0.62±1.39 
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Graph 2: Growth performance (leaf sheath length) of the O. sativa by the influence of 

fertilizers and vermicompost at different time intervals (days) 

G0- Control, G1 – Vermicompost, G2- Azospirillum, G3- Phosphobacteria, G4 - Azospirillum+ 

Vermicompost, G5 – Azospirillum +  Phosphobacteria, G6 Phosphobacteria + Vermicompost,              

G7 – Urea, G8- DAP. 

The recorded data showed that the paddy grew successfully and enhanced leaf sheath development 

by the impact of applied fertilizers, among the fertilizers; phosphobacteria + vermicompost 

combination is suitable for better leaf development (Table 3; Graph 2 & 3). 

 

Graph 3: Growth performance (leaf sheath width) of the O. sativa by the influence of 

fertilizers and vermicompost at different time intervals (days) 

G0- Control, G1 – Vermicompost, G2- Azospirillum, G3- Phosphobacteria, G4 - Azospirillum+ 

Vermicompost, G5 – Azospirillum +  Phosphobacteria, G6 Phosphobacteria + Vermicompost,              

G7 – Urea, G8- DAP 

Chlorophyll Contents in O. sativa leaves  

The better total chlorophyll contents recorded in O. sativa - G6 group (24.93 ±1.53µg/g) followed 

by G8 (23.93 ±1.16), G3   (23.51 ±0.43µg/g), G2 (22.76 ±0.52 µg/g) respectively. Similarly, the 
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better values of chlorophyll-a recorded in G6 (8.28 ±0.86µg/g) followed by G3 (7.67 ± 1.45µg/g) 

and G8 (7.65 ±0.75µg/g) group leaves (Table 4; Graph 4). 

Table 4: Level of chlorophyll contents in O. sativa leaves. The plant treated with various fertilizers 

Name of the group Chl. a µg/g f. wt Chl. b µg /g f. wt Total chl. µg/g f. wt 

G0 7.36 ± 0.12 13.18 ±0.04 20.49 ±0.16 

G1 5.28 ±0.66 12.15 ± 0.37 18.71 ±1.03  

G2 7.44 ±0.21 15.37 ±0.31 22.76 ±0.52 

G3    7.67 ± 1.45 15.89 ±0.98 23.51 ±0.43 

G4 6.88 ±0.04 11.90 ±0.27 18.75 ±0.31 

G5 7.15 ±1.74 13.94 ±1.54 21.05 ±3.28 

G6 8.28 ±0.86 16.71 ±0.67 24.93 ±1.53 

G7 5.75 ±0.12 10.35 ±0.09 16.07 ±0.21 

G8 7.65 ±0.75 16.34 ±0.41 23.93 ±1.16 

G0- Control, G1 – Vermicompost, G2- Azospirillum, G3- Phosphobacteria, G4 - Azospirillum+ 

Vermicompost, G5 – Azospirillum + Phosphobacteria, G6 Phosphobacteria + Vermicompost G7 – 

Urea, G8- DAP 

The better content of Chlorophyll-b recorded in G6 (16.71 ±0.67µg/g) followed by G8 (16.34 

±0.41µg/g) and G3 (15.89 ±0.98 µg/g), and the lowest value was recorded in G7 (10-35 µg/g) 

respectively (Table - 4, Graph - 4). Chlorophyll content is significant for quantifying the 

photosynthetic efficiency of the plant and is an essential constituent in assessing the quality of 

foliage. Total chlorophyll content of fresh O. sativa leaves ranged from 16.07 – 24.92 µg/g. The 

high content of chlorophyll observed in the G6 group of O. sativa.   The present investigation 

reveals that the combination of phosphobacteria and vermicompost is a compelling combination 

for both growth developments as well as enriches of the chlorophyll content among the treatment 

of the experimental plant.   

 

Graph 4: Level of chlorophyll contents in O. sativa leaves. The plants treated with various fertilizers. 

G0- Control, G1 – Vermicompost, G2- Azospirillum, G3- Phosphobacteria, G4 - Azospirillum+ 
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Vermicompost, G5 – Azospirillum + Phosphobacteria, G6 Phosphobacteria + Vermicompost,      

G7 – Urea, G8- DAP. 

The graphical presentation of the data denoted the actual content of chlorophyll in the control and 

experimental groups. The high content of chlorophyll observed in the G6 group of O. sativa.   The 

present investigation reveals that the combination of phosphobacteria and vermicompost is a 

compelling combination for both growth development and enriches the chlorophyll content among 

the treatment of the experiment. The individual effect of organic fertilizer was significant as well as 

enhancing the vegetative characteristics of summer squash plants [14].  Similarly, the indirect 

impact of Azotobacter is mainly through the improvement of soil structure [15] and to release of 

compounds like polysaccharides that help keep the soil particles intact [16]. The development of 

vegetative growth might be due to the role of organic fertilizer for increasing soil ventilation by 

increasing the porosity and this animal fertilizer being an organic matter in the ground is considered 

as a significant source of nutrient elements especially nitrogen and phosphorus. These findings 

positively correlated with the present study for the better growth of the plant. The improvement in 

vegetative attributes of the plant might be due to the ability of Azotobacter to fix atmospheric 

Nitrogen which may share its role in increasing the amount of mineral nutrient in the soil [17], [18]. 

Besides it increases the surface area of the root hairs followed by an increase in average absorption 

of mineral nutrients [19], [20]. Similarly, the Azotobacter could release specific chemical 

compounds that may affect the enhancement of plant growth [21]. The significant effect of both the 

bio and organic fertilizers on yield and quality of plant might be the release of growth promoting 

phytohormones like indole acetic acid [22], cytokinin [14], and gibberellins [23]. These substances 

change the physicochemical properties of soil, macro and micronutrient uptake, nitrogen 

transformation and nutritional composition [24],  [25]. The excess and continuous use of chemical 

fertilizers for a more extended period has resulted in deterioration of soil character and to causes less 

productivity [25]. The increased leaf gas exchange and photosynthetic pigments in red chili due to 

vermicompost application [26]. The significant increase of photosynthetic pigments depends on the 

ratio of chlorophyll in beans [27]. The availability of chlorophyll in plant dramatically affects the 

production of secondary metabolites and other essential constituents in the plant. In this experiment, 

the content of chlorophyll increased in the vermicompost, and phosphobacteria treated paddy plant, 

this observation is positively related to the earlier report in marigold growth [28].  

4.CONCLUSION 

The present investigation thus proved that the combination of phosphobacteria and vermicompost is 

an active fertilizer mixture for the influence of better plant growth and enrichment the chlorophyll 

content in O. sativa compared to vermicompost, Azospirillum, phosphobacteria, urea, DAP 

individual and in a combination of Azospirillum + vermicompost, Azospirillum + phosphobacteria.   
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