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ABSTRACT 

Generally, the application of high doses of chemical fertilizer continuously causes leveling 

production and decreasing rice quality. The objective of this research was to examine the effect 

of organic fertilizer and PGPR on rice yield and quality. The experiment was conducted at Bener 

Village, Ngrampal sub-district, Sragen district, Indonesia. The experiment was arranged into 

Randomized Completely Block Design with three replicates. The main plot was application dose 

of organic fertilizer consisting of two treatments, ie., 1 ton/ hectare and 2 tons/ hectare. Sub plot 

was spraying frequency of PGPR (Plant Growth-Promoting Rhizobacteria), consisting of  four 

treatments, ie., without PGPR, spraying PGPR three times, four times, and five times. The data 

were subjected to analysis of variance followed by Duncan’s Multiple Range Test. Plants treated 

with organic fertilaizer 1 ton/ hectare and sprayed with PGPR four times resulted the highest 

production and the rice quality. 
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INTRODUCTION 

 

The increasing of rice production has become one of Indonesian agricultural development 

priorities [1], [2]. Conventional agriculture that oriented only on increasing maximum yield 

using high doses of chemical fertilizers continuously resulted in environmental degradation. It 

shows that a decrease in soil fertility resulting in lower organic matter content and nutrient use 

efficiency. Farmers felt the most impact among other that plants do not respond to fertilization, 

though it doses is increased; and the increasing of plant productivity is not comparable with the 

addition of fertilizer intake [3],[4][5]. Reliance on chemical fertilizers as nutrients source, 

besides it tends to reduce land productivity causing lessening the productivity, it also decreases 

rice quality, e.g. rice structure becomes hard due to high amylose content and low amylopectine 

[6].  

Beneficial soil microorganisms categorized as growth stimulant as well as natural fertilizers that 

roles on 1) suppressing the disease growth (bio protectant); 2) producing phytohormone (bio 

stimulant); 3) increasing nutrients availability for plants (bio fertilizer); 4) reducing organic 

matter; 5) stabilizing soil aggregate; 6) remodeling agrochemical compounds. The reduction of 

chemical fertilizers by applying organic fertilizers available on site and has not been used 

optimally is expected to optimize the balance between the components of biotic and abiotic soil, 
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give the nutrient availability in the soil, which in turn ensures the sustainability of land 

productivity and improve the quality of rice. 

The basic principle of organic farming is the best maintenance of soil and how to give life in the 

soil [7]. Organic farming systems aim to improve the health of agro-ecosystems, biodiversity and 

biological activity [8]. Organic and semi-organic farming are able to increase the protein content 

of seeds and the quality of rice taste compared to conventional farming. Organic farming systems 

over the past three seasons tend to increase the content of amylopectine, but not significantly 

different in amylase content [6]. Organic fertilizers for three planting seasons produce 

amylopectine content significantly higher, whereas the amylase content lower than that of NPK 

fertilization[3]. The higher the amylopectine content, the rice getting more fluffy and sticky, 

whereas the higher the amylase content, the rice getting dry or hard [9]. 

Plant growth-promoting rhizobacteria (PGPR) are beneficial bacteria that are in the area of plant 

roots and enhance plant growth by various mechanisms. PGPR usage continues to increase in an 

effort to replace chemical fertilizers, pesticides, and supplements[10]. PGPR is a bacterium that 

can be found in rhizosphere, a thin layer of soil that surrounds the roots of plants, and provide a 

positive effect on the plant. PGPR contain bacteria such as Pseudomonas, Enterobacter, 

Azospirillum, Azotobacter, Burkholderia, Bacillus and Serratia [11] [10]. The bacteria must be 

able to defend themselves (survive) from the inoculation into seeds, multiplication in 

spermosphere (the area around the seed) in response to seed exudates, attacks on the root surface, 

and colonizes / inhabit in the root zone to strengthen the root system. Application of organic 

fertilizers combined with PGPR expected to substitute the use of NPK fertilizers as well as to 

improve the quality of rice. The objective of this research was to examine the effect of organic 

fertilizer and PGPR on rice yield and quality. 

 

MATERIALS  AND METHODS 

The experiment was conducted at Bener Village, Ngrampal, Sragen Regency. The research 

method used was Split Plot with plot size was 6 mx 10 m. 

The experiment tools and materials were Mekongga variety rice, fermented cow manure, 

decomposer, PGPR, analytical scales, and oven. 

The Main Plot was used of manure that consists of two treatments: 

Used of organic fertilizer 1 ton / hectare 

Used of organic fertilizer 2 tons / hectare 

Sub Plot was application of PGPR that consists of four treatments: 

Without PGPR 

Three times PGPR spraying  

Four times PGPR spraying 

Five times PGPR spraying 

The data were analyzed to determine the variability and the influence of each factor of both the 

main plot and the subplot with DMRT (Duncan's Multiple Range Test) on the significant level of 

5%. 



RESULTS 

Growth components 

Table 1 showed that the number of leaves, plant dry weight were significantly higher in the 

treatment of 2 tons/ hectare organic fertilizer application with four times PGPR spraying 

compared to the application of 1 ton/hectare and 2 tons/ hectare of organic fertilizers with three 

times PGPR spraying and without PGPR spraying. Both were not significantly different with the 

application of 1 ton/ hectare organic fertilizer with four and five times PGPR spraying. 

Table1.The effect of organic fertilizer and PGPR application on number of leaves plant, dry 

weight and number of tillers 

Treatment 
Number of 

leaves 

Dry weight 

plant (g) 

Number of 

tillers 

Organic 

fertilizers 

1ton/ hectare 

Without PGPR 73.13  c 50.03  d 18.93   c 

three times PGPR spraying 75.67  b 90.03  b 21.00 bc 

four times PGPR spraying 77.87 ab 84.20 bcd 23.53 ab 

five times PGPR spraying 76.73 ab 73.67 cd 24.67   a 

Organic 

fertilizers 

2 tons/ hectare 

Without PGPR 76.33 ab 57.57   d 20.20  bc 

three times PGPR spraying 74.67 bc 62.90  cd 22.80  abc 

four times PGPR spraying 79.43   a 89.20 abc 25.87   a 

five times PGPR spraying 78. 99  a 99.10   a 21.87  abc 

Interactions + + + 

Note : Numbers followed by similar alphabet in each column shows not significantly different in 

Duncan’s multiple range test analysis at the 95% level of confidence. (+) positive interaction 

The number of tillers were better in the treatment of 2 tons/ hectare organic fertilizer application 

with four times PGPR spraying and 1 ton/hectare organic fertilizers with five times PGPR 

spraying compared to the application of 1 ton/hectare and 2 tons/hectare organic fertilizer with 

three times PGPR spraying and without PGPR spraying, although not significantly different from 

the number of tillers with 2 tons/hectare organic fertilizer application withthree3 and five times 

PGPR spraying and 1 ton/ hectare organic fertilizer application with four times PGPR spraying. 

 

Yield component  

Table 2 showed that the rice yields components significantly higher in the treatment of 2 

tons/hectare organic fertilizer application with four and five times PGPR spraying compared with 

the application of 1 ton/hectare and 2 tons/ hectare organic fertilizer with three times PGPR 

spraying and without PGPR spraying. Both were not significantly different with the application 

of 1 ton/hectare organic fertilizer with four and five times PGPR spraying. 

Table 2. The effect of organic fertilizer and PGPR application on component of rice yield 

Treatment 

Number 

of panicle/ 

clump 

Length of 

panicle 

(cm) 

Weight of 

grains/ 

clump (g) 

Weight of 

grain/plot 

(kg) 

Organic 

fertilizers 

1 ton/ hectare 

Without PGPR 13.83  d 22.850  b 18.80  c 1.316   b 

three times PGPR spraying 18. 87 b 23.00  b 23.96  b 1.367   b 

four times PGPR spraying 20.16  ab 23.800 ab 24.70 ab 1.467   ab 



five times PGPR spraying 20.33 ab 23.53  ab 25.27 ab 1.456   ab 

Organic 

fertilizers 

2 tons/ hectare 

Without PGPR 14.83 d 22.83  b 19.53 c 1.333   b 

three times PGPR spraying 17.87 c 22.83  b 20.33 bc 1.350   b 

four times PGPR spraying 21.17 a 24.58  a 28.33 a 1.533   a 

five times PGPR spraying 22.67 a 25.33  a 29.67 a 1.587   a 

Interactions (+) (+) (+) (+) 

Note : Numbers followed by similar alphabet in each column shows not significantly different in 

Duncan’s multiple range test analysis at the 95% level of confidence. (+) positive interaction 

Table 3 shows that the increasing of protein content in the application of 1 ton/ hectare organic 

fertilizer with three times PGPR spraying was followed by a decrease in fat and carbohydrate 

content. Increasing of fat were occurred in the application of 2 tons/hectare organic fertilizers 

with three times PGPR spraying, but not different with application of 1 ton/ha organic fertilizer 

with three times PGPR spraying and without PGPR in 1 ton/ hectare and 2 tons/ hectare organic 

fertilizer. Increasing of fat and carbohydrates were occurred in the application of 2 tons/hectare 

organic fertilizers with five times PGPR spraying compared with application of 1 ton/hectare 

organic fertilizers with four times PGPR spraying, but not different significantly with others. The 

amount of energy was determined by the content of carbohydrates in rice as carbohydrate is the 

highest compound in rice. 

 

Table 3.The effect of organic fertilizer and PGPR application on content of fat, protein, 

carbohydrate and energy of rice 

 
Fat (%) 

Protein 

(%) 

Carbo-

hydrate 

(%) 

Energy 

Organic 

fertilizers 

1 ton/ 

hectare 

Without PGPR 0.58 ab 8.99 d 74.71 ab 340.01 bc 

three times PGPR spraying 0.58 ab 9.27 bc 74.71 ab 341.12 ab 

four times PGPR spraying 0.52 bc 9.45 a 74.58 b 340.82 abc 

five times PGPR spraying 0.52 bc 9.18 c 74.68 ab 340.10 abc 

Organic 

fertilizers 

2 tons/ 

hectare 

Without PGPR 0.58 ab 8.79 e 74.91 ab 340.03 abc 

three times PGPR spraying 0.61 a 8.84 e 74.61 ab 339.26 bc 

four times PGPR spraying 0.23 d 9.47 a 74.74 ab 338.91 c 

five times PGPR spraying 0.46 bc 9.41 ab 75.15 a 342.39 a 

Interactions  (+) (+) (+) 

Note: Numbers followed by similar alphabet in each column shows not significantly different in 

Duncan’s multiple range test analysis at the 95% level of confidence.(+)positive interaction 

Table 4 showed that increasing in amylosa content in the application of 2 tons/hectare organic 

fertilizer with five times PGPR spraying. Increased amylopectin were occurred in the 1 tons/ 

hectare organic fertilizer application with four and five times PGPR spraying and 2 tons/hectare 

organic fertilizer application with five times PGPR spraying. Amylum digest is significantly 

higher in the treatment of 2 tons/ hectare organic fertilizer application with four and five times 

PGPR spraying compared with other treatment.  Whiteness   is significantly highest   in the 

treatment of 2 tons/ hectare organic fertilizer application with five times PGPR spraying. 



Table 4. The effect of organic fertilizer and PGPR application on amylosa and amylopectine 

content, amylum digest and whiteness of rice 

Treatment       amylosa 
Amylo 

pectin 

Amylum 

digest 
Whiteness 

Organic 

fertilizers 

1 ton/ hectare 

Without PGPR 19.66  d 58.96 bc 35.46  d 56.61  g 

three times PGPR spraying 20.15  c 57.17  c 37.46  c 56.43  g 

four times PGPR spraying 19.61de 60.38  a 39.62  b 59.64  d 

five times PGPR spraying 19.57 e 60.11  a 40.33  b 62.63  b 

Organic 

fertilizers 

2 tons/ hectare 

Without PGPR 20.38 b 58.05 bc 35.57  d 57.49  e 

three times PGPR spraying 17.58 g 59.66 b 39.55  b 58.97 d 

four times PGPR spraying 19.14 f 59.56 b 42.25  a 59.49 c 

five times PGPR spraying 22.28 a 61.00 a 42.38  a 62.91 a 

Interactions (+) (+) (+) (+) 

Note : Numbers followed by similar alphabet in each column shows not significantly different in 

Duncan’s multiple range test analysis at the 95% level of confidence. (+) positive interaction 

 

DISCUSSION 

Application of 1 ton and 2 tons per hectare organic fertilizer into rice plants with 4 and 5 times 

PGPR spraying were not significantly affect, they provided growth and yield of rice rather than 

without and 3 times PGPR spraying. Based on the analysis results, soil was dominated by low to 

very low, so that the soil in the research area was considered as infertile. Analytical results on 

Vertisol, soil used in the experiments, had a pH (H2O) of 6.64 and pH (KCl) of 5.99. Specific 

gravity and weight volume were in the amount of 2.65 g/cm3 and 1.82 g/cm3. Organic matter 

content was low (1.45%), cation exchange capacity was 23.75 me %, levels of N-total was 

0.09%, and CN ratio was 9. Levels of P-available was 7.23 ppm and K-exchanged was 0.41 

me% [12]. Improved results were obtained mostly due to PGPR spraying. However, PGPR 

spraying were able to provide nutrition to increase growth and yield of rice.  

Plant growth-promoting rhizobacteria (PGPR) are beneficial bacteria at the root zone of plants 

contain a variety microbes that provide nutrient and growth stimulant compound as well [11]. 

Soil microbes are utilized to maintain and improve soil fertility that is environmentally friendly. 

Good soil fertility will create good planting conditions, especially root growth, availability of 

macro and micro nutrients, and increasing of microorganism activity [10].  Padmini and Irawati 

[13] in their research reported that rice plants treated with Custom-Bio sprays into the soil and 

soaking rice seedlings with PGPR increased the total microbial population in the soil, resulting in 

a population of solvent P microbial and  N2 fixation microbial, as well as improved the content of 

total N and total P-total in the soil, compared with without Custom Bio and PGPR. Soaking rice 

seedling with PGPR also improves the growth and yield [14]. 

Microorganism found in PGPR were active in helping the plants growth by providing nutrients 

(N fixation, solvent P). The function of nitrogen increase plant growth and yield by increasing 

the number of seedlings and leaf area growth. Phosphate serves as constituting a source of 

energy for the metabolic processes in plants. Potassium serves as a transport medium that brings 

nutrient including available N and P from the roots to the leaves and uptake assimilates from the 

leaves to the whole plant tissues [15]. Phosphorus also serves in the generative growth, namely 



the process of primordial initiation, rice grain filling and synchronized grain ripening. PGPR 

spraying repeatedly is necessary for the need of nutrient in every phase of plant growth. 

Phosphorus given at early growth stages have PPE (Partial Productive Efficiency) for higher 

grain, because P is required for the seedlings formation and total P requirement is less than N, if 

absorbed P at the beginning of the growth can be redistributed to growing organs easily [15].  

The highest fat content wasobtained on the application1 ton/ha and 2 tons/ hectare organic 

fertilizer with three times PGPR spraying, but not significantly different from that without PGPR 

spraying. This implies that the fat content is affected only by organic fertilizer from manure. Fat 

is basically a decomposition of carbohydrate that stored as energy reserves [16]. However, 

because rice is not a source of fat so its content does not affect the quality of the rice. On the 

other hand the highest protein wasobtained from 1 ton/hectare and 2 tons/hectare organic 

fertilizer application with 4 times PGPR spraying. Manure is needed for microbial proliferation 

medium contained in PGPR include N fixation microbes that produce nitrogen for plant growth. 

Nitrogen is an essential element in protein synthesis.  

The application of 1 ton/hectare organic fertilizer with four times PGPR spraying reached 9.7% 

brought optimum protein content.  Based on research done by Wuryani et al., [17], this value  is 

relatively higher than protein content in rice grown using chemical fertilizers that only 

8.8%.Obviouslyusingorganic fertilizer is better to produce protein than using chemical fertilizers. 

Meanwhile, four times PGPR spraying also produce high carbohydrate content and not 

significantly different between applying 1 ton/hectare and 2tons/hectare of organic fertilizer. The 

implications of this treatment were evident also in the energy results that indicate not 

significantly different with the highest yield are treated with 1 ton/hectare of organic fertilizer 

application with four times PGPR spraying. 

The application of 1 ton /hectare organic fertilizer with four times PGPR spraying produced the 

highest amylopectin. Amylopectin was correlated positively with the level of rice fluffy [9] and 

synergies with protein will give a nice flavor of rice. Instead amylase makes rice hard (pera and 

undesirable) because the bonds between the simple sugars are straight and strong so it is more 

difficult to disentangle to be the simple sugars’ components. 

Therefore the rice with high amylase content was more filling. It also deals with the nature of 

amylase which absorbs more water so that the rice becomes fluffy. Related to the digestibility, 

the starch that digested easily is the starches that hydrolyzed easily by the enzyme into smaller 

units (simple sugars). Amylopectin, as a type of starch carbohydrate polymer -1.4 - α glycoside 

bond that branched with -1.6 - glycoside bond, is an open bond so it's easier to unravel. 

Therefore, rice with high amylopectin content tends to have a high digestibility, as a result eating 

fluffier rice makes hungry easier. The data shown by the treatment of 1 ton/hectare of manure 

and four times PGPR spraying showed a high digestibility. These results support the proposed 

idea by Ikameilaty [18]. While the level of rice whiteness basically deals with the level of 

polishing, the higher the level of polishing the whiter rice will get [19]. Recently, the consumer 

prefers non white rice, so the results of this research that the treatment of producing white rice 

with a not optimal whiteness level does not significantly affect the quality of the rice. 

 

 

CONCLUSION 

 



Plants treated with organic fertilaizer 1 ton/ hectare and sprayed with PGPR four times resulted 

the highest production and the rice quality. 
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