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Abstract 

 
Usage of chemical fertilizers in rice cultivation becoming threatens to the ecosystems of the world. Bio-fertilizer is 

one of the alternative sources in the rice cultivation with less harm to the human and environment. An experiment was 

conducted at the Rice Research Station, Sammanthurai, Sri Lanka during ‘Yala’ 2017 to evaluate the possibility of 

replacing the chemical fertilizers with bio-fertilizers in the production of rice. Bio-fertilizer consisted of Azotobacter 

chrocooccum, Azospirillum bresilensis, Bacillus polimixa, Bacillus megaterium and other Bacillus spp. in a liquid base 

medium was used for this study. The experiment was laid out in Randomized Complete Block Design with five treatments 

and four replications. The treatments were T1 - No any fertilizers (Control), T2 – 100% chemical fertilizer, T3 – 50% 

chemical + 50% bio-fertilizers, T4 – 50% bio-fertilizer, T5 – 100% bio-fertilizer. Rice cultivar ‘Bg 250' seedlings were 

transplanted in plastic pots at 12 days old. Bio-fertilizer was prepared for application by mixing with cow dung and cow 

urine. Prepared bio-fertilizer was applied in the late evening and water was stagnated inside the plastic pots. Combine 

application of 50% chemical and 50% bio-fertilizer has given the highest values in panicle length (21cm), 1000 grain 

weight (25.2g), yield (2.5tha
-1

) and the highest amount of unfilled grains were obtained in the control treatment (29). 

Lowest values of panicle length, 1000 grain weight, yield was found in no fertilizer treatment (Control). The lowest 

amount of unfilled grains were found in where the treatment received 100% bio-fertilizer. Based on these results it was  
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concluded that the combined application of 50% chemical and 50% bio-fertilizers has produced the better performances 

with regard to panicle length, 1000 grain weight and yield in the rice cultivar ‘Bg 250'. It could, therefore, be stated that 

bio-fertilizer in combination with chemical fertilizer could be used as an alternative way in the production of rice to boost 

the yield with reduced hazards to human health and environment. 
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1. Introduction 

 

Rice (Oryza sativa L.) is an important staple food that provides 60-70% body calorie intake of the 

consumers (Barah and Pandey, 2005). To ensure the food security in rice-consuming countries of the world, 

the production of rice should be increased by 50% in the year 2025 but, this additional rice production should 

be done on less land with less usage of water, labour and agrochemicals. As same as to achieve the estimated 

targets of 680 and 771 million tonnes by 2015 and 2030 respectively, the productivity of rice fields should be 

increased through adopting the new improved technologies (Badawi, 2004). Rice production depends on 

several factors such as climate, physical conditions of the soil, soil fertility, water management, sowing date, 

cultivar, seed rate, weed control and fertilization. Nitrogen fertilizer is a major essential plant nutrient and key 

input for increasing crop yield (Yoseftebar et al., 2012). With the increase in rice production, application and 

need of the chemical fertilizers are also increasing simultaneously as it can give more reliable supportive 

boosts to increment of crop yield (Saikia et al., 2012).  
Wihardjaka and Abdurachman (2007) indicated that long-term intensive utilization of rice lands will 

decrease the productivity of soil and environment. The use of high input of agrochemicals will impose a 

pressure on soil and environment reduce soil nutrients and cause the negative impact on the environment. 

Heavy usage of agrochemicals form residues on soil, crops and environment. On the other hand, the decrease 

of relatively fertile rice field due to land conversion into non-agricultural usage produces threat in maintaining 

food sufficiency. Bio-fertilizers provides better nutrient uptake and increased tolerance towards drought and 

moisture stress. Bio-fertilizers differ from chemical and organic fertilizers in the sense that they do not 

directly supply any nutrients to crops and are cultures of special bacteria and fungi relatively simple and 

having low installation cost. Bio-fertilizers by overall produced higher growth rates and yield development of 

rice production compared with chemical fertilizers (Alam and Seth, 2014). Therefore, bio-fertilizers can solve 

the problem of feeding an increasing global population at a time when agriculture is facing various 

environmental stresses and changes.  
Hence the present study was conducted to evaluate the effects of chemical and bio-fertilizers on the yield 

and attributes of ‘Bg 250' rice cultivar. To compare the yield and yield attributes of ‘Bg 250' rice cultivar with 

the application of chemical and bio-fertilizers. To find out the most suitable fertilizer/s to obtain optimum 

yield performance of ‘Bg 250'. 
 

 

2. Materials and Methods 

 

This experiment was conducted during the season of ‘Yala' 2017 at Rice Research Station, Department of 

Agriculture, Sammanthurai, Sri Lanka. A number of 20 plastic pots with 16 inches diameter and 10 inches 
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height were used for this study. Pots were prepared with two holes at the bottom and by filling with the soil 

obtained from the paddy land owned by Rice Research Station, Sammanthurai. An amount of 100g rice 

cultivar ‘Bg 250' seeds were taken from the Rice Research Station and those seeds were water soaked for 24 

hours and incubated for 48 hours. Nicely sprouted seeds were spread on a seedling tray. After 12 days healthy 

and uniform seedlings were transplanted on already prepared sand-filled plastic pots at the rate of 12 

seedlings per pot. 

 

2.1. Preparation of bio-fertilizer 

 
‘GRO BIO-FERTILIZER' consisted of Azotobacter chrocooccum, Azospirillum bresilensis, Bacillus 

polimixa, Bacillus megaterium and other Bacillus spp. in a liquid base medium was used at the rate of 500 

mlha
-1

. This culture was mixed with 10kg of cow dung, 5 litres of cow urine and 10 litres of water and kept 

under the shade and cool place for rapid multiplication of microorganisms. 

 

2.2. Application of bio-fertilizer 

 
Incubated bio-fertilizer was applied at three days after transplanting and near to booting stage. It was 

applied in the late evening time to ensure the optimum growth of microorganisms in the soil. Water was 
stagnated inside the pots after the application of bio-fertilizer. 

 

2.3. The treatment structure 

 
The experiment consisted of five treatments and each treatment was replicated four times. The treatment 

structure is given below: 
 
T1 - No chemical or bio-fertilizer was added - Control 
 

T2 - 100% chemical fertilizer (Urea - 225kgha
-1

, TSP - 55kgha
-1

 and MOP 60kgha
-1

) was added. 
 
T3 - 50% chemical fertilizer (Urea - 113kgha

-1
, TSP - 28kgha

-1
 and MOP - 30kgha

-1
) + 50% bio-fertilizer 

(250mlha
-1

) were added. 
 

T4 - 50% bio-fertilizer (250mlha
-1

) was added. 
 

T5 - 100% bio-fertilizer (500mlha
-1

) was added. 
 
2.4. Experimental Design 

 

This experiment was laid out in the Randomized Complete Blocked Design (RCBD) with five treatments 
and four replications. A number of 20 pots were used for this study and each pot contained 12 rice seedlings. 

 

2.5. Yield attributes 

 

2.5.1 Length of the panicle 
 

A number of five plants were randomly selected from each replicate of the treatments. The panicle length 
of the selected plants was measured in cm by a measuring scale. The measurement was made from the bottom 
node of the panicle to the tip of the newly formed spikelet on the panicle. 
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2.5.2 Unfilled grains per panicle 

 

A number of ten panicles were randomly selected from each replicate of the treatments and the number of 
unfilled grains was counted. 
 
2.5.3 1000 Grains weight 

 
A number of ten panicles were randomly selected from each replicate of the treatments and the rice grains 

were collected from these panicles. The weight of 1000 grains (g) was measured by an electronic balance. 
 
2.6 Yield 

 

A number of five plants were randomly selected from each replicate of the treatments. The seeds were 
collected from these plants and were sun-dried and the yield was determined. 
 
2.7 Analysis of data 

 
The data measured were statistically analyzed using the Analysis of Variance (ANOVA) to detect the 

significance if any at treatment level. The difference between treatment means was compared by Duncan 
Multiple Range Test (DMRT) using SAS package version 9.1. 
 
 

 

3. Results and Discussion 

 

3.1. Panicle Length 

 

It was found that there were significant (p<0.05) differences between the chemical and bio-fertilizer 

treatments. The highest panicle length was obtained in combined application of 50% chemical and 50% bio-

fertilizer application and it was on par with 100% chemical fertilizer, 50% bio-fertilizer and 100% bio-

fertilizer treatments. The lowest was found in the control treatment (Table 1). It was revealed that chemical 

and bio-fertilizer application enhanced the panicle length of rice cultivar ‘Bg250'. The highest panicle length 

in treatment receiving combined chemical and bio-fertilizer may be due to the continuous supply of nutrients 

during panicle emergence with the beneficial association of roots with biofertilizers. The nutrient levels with 

bio-fertilizers were significantly affecting panicle length of the rice crop.  
These results are in agreement with the findings of Yuvaraj (2016), he has proved that the highest panicle 

length was observed in the treatment receiving the combined application of chemical fertilizer with bio-

fertilizer (Azotobacter, Phosphorus Solubilizing Bacteria, Plant Growth Promoting Rhizobacteria) which was 

statistically at par with treatment received chemical fertilizer with Azospirillum, Phosphorus Solubilizing 

Bacteria, Plant Growth Promoting Rhizobacteria. 

 

3.2. Unfilled Grains 

 

There were significant (p<0.05) differences between treatments in the unfilled grains per panicle of rice 

cultivar ‘Bg 250' plant during the ripening stage. It was found that highest number of unfilled grains were 

observed in the plants received no any fertilizers (control) and the lowest was found in the 100% bio-fertilizer 

treatments (Table 1). Hence, it could be stated that bio-fertilizer application has reduced the number of 
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unfilled grains per panicle in rice plants. It may be due to that microorganisms presents in the bio-fertilizer 

increased the grain filling period of rice plants.  
These results are in agreement with the findings of Gomaa et al. (2015) who have stated that inoculation 

of rice with mixed blue-green algae + mycorrhizal inoculation encourages the increase of filled grains per 

panicle when compared to control treatments. This finding may be because of mixed blue-green algae and 

mycorrhizal inoculation which plays in the assimilation of rice plants that reflected on enhancing these 

characteristics. Also, they could be attributed to the role of plants phytohormones like Indol Acetic Acid, 

Gibberellic Acid and Cytokinin which promote plant growth, cell division and breaking the apical dominance; 

hence encouraging the photosynthesis and assimilation accumulation (El-Khawas, 1990). Similar results, 

more or less, were obtained by Radwan et al. (2008) and Wijebandara et al. (2009). Hamidi et al. (2009) have 

reported that high N rates significantly delay the duration of the vegetative and reproductive periods and 

could be the possible reason for the lengthening of grain filling duration. 
 

 
Table 1. Effects of chemical and bio-fertilizers on the panicle length and unfilled grains per panicle of rice cultivar ‘Bg 250’  
 

Treatments Panicle Length Unfilled Grains 

 (cm)    
    

T1 15.7 ± 0.12b 29 ± 0.46a 

T2 20.0 ± 0.15a 26 ± 0.19b 

T3 21.0 ± 0.37a 21 ± 0.94c 

T4 19.8 ± 0.14a 25 ± 0.12b 

T5 20.2 ± 0.26a 19 ± 1.12c   
*Values in the same column followed by the same letter do not differ significantly (p<0.05). 
*Values are the means ± standard error of 20 plants in 4 replications. 

 

 

3.3. 1000 Grains Weight 

 

There were significant (p<0.05) differences between the treatments in the 1000 grain weight of rice plants 

during ripening stage. The highest 1000 grain weight was observed in plant received combine application of 

50% chemical and 50% bio-fertilizers and the lowest was found in plants received no any fertilizers. 

However, there were no significant (p>0.05) difference between the treatments received 100% chemical 

fertilizer, 100% bio-fertilizer, combined application of 50% chemical and 50% bio-fertilizers.  
Studies by Saba et al. (2013) have revealed that the maximum 1000 grain weight was recorded in the 

treatment received inorganic and bio-fertilizers as the combination and which was statistically on par with the 

treatment received combined fertilizers with different ratios. The minimum and statistically similar grain 

weight were recorded in treatment received inorganic fertilizers with different combinations. Significantly 

heavier grains obtained in combined treatments were probably due to supply of an adequate amount of 

nutrients at grain developmental stage. Moreover, the use of 50% recommended dose nitrogen was equally 

effective as the 100% recommended dose, which ultimately saved 50% nitrogen fertilizer due to the addition 

of bio-fertilizer. It means that less inorganic N fertilizer would be required for getting the same weight of 

seed, thereby potentially saving carbon emissions from fertilizer manufacture (Pan et al., 2009). 
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3.4. Yield 

 

There were significant (p<0.05) differences between treatments in the yield of rice cultivar ‘Bg 250'. The 

highest yield was obtained in the treatment received 50% chemical and 50% bio- fertilizers as combined and 

the lowest was found in the control treatment. Hence, the combined application of fertilizers has boosted the 

rice yield compared to other treatments. Studies of Singh et al. (2015) were on par with this study. They have 

shown that grain yield of rice was significantly (p<0.05) influenced with different treatment combinations of 

chemicals fertilizers with bio-fertilizers. The maximum grain yield was observed with combined chemical and 

bio-fertilizer application as compared to control. It has increased the grain yield by 12 percent over farmer 

practices. Mukhopadhyay et al. (2013) have reported that the highest grain yield for rice was obtained when 

bio-fertilizer was applied with 60 % of recommended nitrogen. The result showed that incorporated chemical 

and biological fertilizer obtained highest kernel number per cob compared to the sole application of them. 
 

 
Table 2. Effects of chemical and bio-fertilizers on the 1000 grain weight and yield of rice cultivar ‘Bg 250’ 

 

Treatments 1000 grain weight Yield (tha-1) 

 (g)   
    

T1 22.7 ± 0.04c 1.0 ± 0.06d 

T2 24.6 ± 0.12a 2.0 ± 0.03b 

T3 25.2 ± 0.29a 2.5 ± 0.05a 

T4 23.8 ± 0.20b 1.7 ± 0.04c 

T5 25.0 ± 1.21a 1.9 ± 0.09b   
*Values in the same column followed by the same letter do not differ significantly (p<0.05). 
*Values are the means ± standard error of 20 plants in 4 replications. 

 

 

4. Conclusions 

 

The application of 50% chemical and 50% bio-fertilizers has given the best yield performances with 

relation to panicle length, 1000 grain weight and yield in rice cultivar ‘Bg 250' compared to other treatments. 

100% bio-fertilizer application has given the lowest unfilled grains compared to other treatments. Therefore, 

yield production of rice grains could be steadily increased through the application of bio-fertilizer with less 

hazard to the environment and also health hazard would be greatly reduced. 
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