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Abstract 

One of the problems for the sustainability of agriculture systems is the excessive use of inorganic 

fertilizers. This affects the conditions of soil biology, soil chemistry, and irrigation water. Solution for 

supporting the sustainability of the agriculture system is the application of organic agriculture. Organic 

agriculture is supported by the existence of plant growth promoting rhizobacteria. This research aimed to 

identifying isolates of plant growth promoting rhizobacteria, analyzing the conditions of paddy field soil 

chemistry and irrigation water. Samples were taken by random sampling. Bacterial identification was 

performed by dilution, planting on the media, quadrant digging, morphology test, gram staining, and DNA 

sequencing. The results showed that organic agriculture obtained Pseudomonas, Pantoea, Stenotrophomonas, 

Serratia, Exiguobacterium, Acinetobacter, and Bacillus. Inorganic agriculture obtained Pseudomonas and 

Bacillus. Comparison of soil chemistry quality in agriculture systems of organic: inorganic are showing 

organic C (1.9 %:1.4 %), N (0.37 %:0.24 %), P (11.64 ppm:10.81 ppm), K (0.28 %:0.23 %), and pH 

(6.58:6.26). Comparison of irrigation water quality in agriculture systems of organic: inorganic are showing 

DO (7.6 ppm:6.4 ppm), COD (49 ppm:26 ppm), BOD (8.8 ppm:2.1 ppm), TSS (25 ppm:48 ppm), Pb metals 

(< 0.0161 ppm:<0.0161 ppm), and Cr-VI metals (<0.0014 ppm:<0.0014 ppm). 

Keywords: Irrigation Water, Organic Agriculture, Plant Growth Promoting Rhizobacteria, Soil 

Chemistry 

1. Introduction 
Sukorejo Village is one of the village 

where located at Sambirejo Subdistrict, Sragen 

Regency which has a large agriculture area, so 

most of the livelihood of the population is 

farming [6]. Sukorejo is located at 7o30'36.45" 

S-111o8'13.15" E. The type of plant grown is 

rice (Oryza sativa L.), especially IR 64 

varieties. Rice var. IR 64 has resistance to leaf 

blight disease, leafhoppers, productive tillers, 

and conserves water consumption (Khaeruni, 

Najamuddin, Wijayanto, and S. Syair, 2016). 

Sukorejo village has an inorganic and organic 

agriculture systems. 

The problem that occur is the excessive 

use of inorganic fertilizer, which can disrupt 

the sustainability of agriculture systems. 

Inorganic fertilizer is produced by the fertilizer 

industry. Inorganic fertilizers also causes the 

ground hardens, thereby decreasing porosity, 

oxygen availability, and existence of soil 

bacteria (Suntoro, 2010). 

Utilizing chemical fertilizers and 

pesticides causes a decrease in environmental 

quality and productivity. In addition, affect the 

quality of soil chemistry and irrigation water 

parameters (Sanchez, et al, 2007). Residues of 

chemical substances left in the soil may be 

transported by crop production and human 

consumption may interfere with health (Liu, 

Shen, Liu, and Wang, 2007). Solution to 

maintaining the sustainability of agriculture is 

by the application of organic or semiorganic 

agriculture systems (Suntoro, 2010). 

Organic agriculture are promising for 

environmental sustainability and less depletion 

of N, P, and K elements in the soil (Nuryani, 

and Widya, 2010). Using organic fertilizer 

plays a role to improve the quality of land. 

Using organic matters into soil can improve 

the physical, chemical, and biological 

conditions of the soil (Masykuri, and 

Rosariastuti, 2017). In addition, the role of soil 

microorganisms is very important. 

Effective microorganisms are supporting 

the implementation of environmentally 

friendly agriculture, decomposition of organic 

matters, mineralization of organic compounds, 

fixation and nutrient solvents. Soil microbes 

are seen as one of the indicators in determining 

the soil quality index (Karlen, et al, 2006). 

Organic fertilizers become a source of 

nutrients for fungi, bacteria, and other 

beneficial microorganisms (Hadisuwito, 2008). 

Microorganisms in the root areas 

(rhizobacteria) are capable of secreting a 
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compound and beneficial for plant fertility 

(Verma, et al, 2010). Therefore, it is necessary 

to discover and develop potential of 

rhizobacteria as soil and plant fertilizers 

(Gupta, Gopal, and Tilak, 2015). Soil fertilizer 

microbes can improve fertilizer efficiency, 

fertility, and soil health (Bhattacharyya and 

Jha, 2012). This micro organism is called plant 

growth promoting rhizobacteria (PGPR). 

Plant growth promoting rhizobacteria 

(PGPR) has several advantages, i.e. 1). 

biostimulants by synthesizing and regulating 

the concentrations of various phytohormones 

in the root environment; 2). biofertilizer by 

binding N2 from the air and dissolving the 

bound phosphate in the soil; 3). control of 

pathogens derived from the soil 

(bioprotectans) by producing various 

antipatogenic compounds or metabolites such 

as siderophore, β-1,3-glucanase, chitinase, 

antibiotics, and cyanide (Egamberdiyeva, 2007 

and Yolanda, et al, 2011). 

Based on the problems that arise due to 

the condition of inorganic agriculture, it is 

necessary environmentally friendly efforts by 

utilizing local microbials in agriculture areas in 

Sukorejo Village. This research aimed to 

identifying isolates of plant growth promoting 

rhizobacteria, analyzing the conditions of 

paddy field soil chemistry and irrigation water. 

2. Method 

Bacterial identification was performed 

by dilution, planting on the media, quadrant 

digging, morphology test, gram staining, and 

DNA sequencing. Material of soil sample 

around root of rice, aquades, nutrient agar, 

nutrient broth, NaCl, yeast extract, pepton, 

safranin, violet crystal, carbohydrate/phenol 

red broth (maltose, glucose, lactose), 

aluminum foil, motility test medium, Simon 

Citric Agar (SCA), MgSO47H2O, 

(NH4)2HPO4, K2HPO4, citric acid, Triple 

Sugar Iron (TSI) gelatine, NH4FeCitric, 

Na2S2O3, alcohol 70 %, MT-3 gelatine, 

bacterial DNA isolation kit Primary set (for 

bacteria). 

Soil chemistry parameters studied were C 

Organic (Walkley & Black), N (Kjeldhal 

Method), P available (Olsen), K Exchanged 

Ex. NH4Oac 1 N pH 7, and pH (H2O). 

Irrigation water quality parameters of 

observed were DO (SNI 6989.72-2009), COD 

(SNI 6989.2-2009), BOD (SNI 6989.72-2009), 

TSS (In House Methods), Pb (SNI 6989.8-

2009), and Cr-VI (APHA 2012, Section 3500-

Cr). 

3. Results and Discussion 

3.1. Existences of PGPR 

Table 1. PGPR Findings 

No. Organic Inorganic 

1. Pseudomonas Pseudomonas 

2. Bacillus Bacillus 

3. Pantoea  

4. Stenotrophomonas  

5. Acinetobacter  

6. Serratia  

7. Exiguobacterium  

Pseudomonas contribute to degradation of 

hydrocarbon pollution (Junaidi, Muyassir, and 

Syafruddin, 2013). Hydrocarbon 

contamination in agricultural land caused by 

pesticides and chemical fertilizers Several 

species of Pseudomonas produce fitohormon, 

including P. aeruginosa producing auxin, P. 

tabaci producing ethylene, and P. fluorescens 

producing IAA (Verma, et al, 2013). 

Pseudomonas converting organic phosphate to 

inorganic phosphate and produces siderophore 

for plant growth (Aarab, et al, 2015). 

Bacilllus cereus produce phytohormones, 

khitinase, and suppresses the life of fungal 

pathogen (Ashour, et al, 2016). B. 

licheniformis, B. pumilus, B. megaterium, and 

B. subtilis may produce phytohormones of 

IAA, gibberellin, ethylene, increase nutrients 

by dissolving phosphate (Elkoca, et al, 2008 

and Verma, et al, 2010) and increasing uptake 

of N, P, K, and Fe (Ma, Gao, Li, and Zhang, 

2014). Pantoea agglomerans secrete phytat 

acid hydrolysis enzymes to form D-myo-

inositol (1,2,4,5,6) pentakis phosphate in soil 

enrichment, especially phosphate (Greiner and 

Sajidan, 2008). Stenotrophomonas controlling 

pests and increase plant growth (El-Sayed, 

2014 and Chen, et al, 2009). 

Stenotrophomonas plays a role in the 

degradation of pesticides that pollute the soil 

(Puspitasari and Khaeruddin, 2016). 

Acinetobacter dissolves phosphate in the 

soil and produces organic acids, thus helping 

to fertilize the soil). Acinetobacter 

calcoaceticus SE370 can promote plant growth 

by secreting gibberellins and by converting 

insoluble soil P to soluble forms which are 

readily available to the plant (Kang, et al, 
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2009). Serratia marcescens potential as 

biological control agent of plant pathogenic 

bacteria because Serratia produces 

prodigiosin, the secondary metabolite as 

antibacterial, antifungal, and antiprotozoal 

(Priyatno, et al, 2011). Exiguobacterium plays 

a role in the metal pollutants bioreduction, one 

of which is Cr (VI) in soil (Alam and Malik, 

2008). Exiguobacterium on agriculture land 

plays a role in increasing phosphate solubility 

at optimum pH (Kumar, Bhargava, and Rai, 

2010). 

PGPR are found in organic agriculture 

more than inorganic. PGPR has the potential to 

support the sustainability of organic 

agriculture systems because it has a high 

diversity, acts as biostimulant, biofertilizer, 

and control of pathogenic organisms. 

3.2. Soil Chemistry Quality 

Table 2. Soil Chemistry Content 

Parameters Organic 

(Status*) 

Inorganic 

(Status*) 

C organic 

(%) 

1.9 (Low) 1.4 (Low) 

N (%) 0.37 

(Medium) 

0.24 

(Medium) 

P (ppm) 11.64 

(Medium) 

10.81 (Low) 

K (%) 0.28 (Low) 0.23 (Low) 

pH 6.58 

(Neutral) 

6.26 

(Neutral) 

The low of C organic content is caused by 

an imbalance between the role of the material 

and the loss of organic matters from the soil. C 

Organic indicates the content of organic 

matters in the soil which is the land 

management measure (Rosariastuti, Hartati, 

Widijanto, and Utomo, 2012). Soil N content 

comes from organic matters, binding by 

microorganisms from air nitrogen, fertilizers, 

and rainwater (Hardjowigeno, 2003) . Nitrogen 

stimulating the growth of plants in the 

vegetative phase, formation of chlorophyll, 

amino acids, fats, and enzymes. 

Utilities of P are essential for cell growth, 

root formation and root hair, strengthening 

straw, improving crop quality, growth of seed 

and plant organ, and strengthening disease 

resistance. The availability of K that can be 

interchangeable and can be absorbed by the 

plant depends on the addition of the outside, 

the fixation by the soil and the addition of its 

own K. Soil acidity (pH) greatly affects the 

development of microorganisms in the soil. At 

pH 5-5.7, bacteria and fungi break down 

organic materials can thrive (Suntoro, 2010). 

Some chemistry soil parameters on 

organic agriculture are included in the low and 

medium category due to the process of soil 

improvement effect of chemical fertilizers in 

the previous agriculture. The process of 

improving the condition of the land takes time 

(Suntoro, 2010). The implementation of 

organic agriculture is expected to support the 

sustainability of environmentally friendly 

agriculture. 

3.3. Irrigation Water Quality  

Table 3. Irrigation Water Quality 

Parameters Organic 

(Class*) 

Inorganic 

(Class*) 

DO (ppm) 7.6 (I) 6.4 (I) 

COD (ppm) 49 (II) 26 (II) 

BOD (ppm) 8.8 (III) 2.1 (I) 

TSS (ppm) 25 (I) 48 (I) 

Pb (ppm) <0.0161 (I) <0.0161 (I) 

Cr (VI) 

(ppm) 

<0.0014 (I) <0.0014 (I) 

(Peraturan Pemerintah, 2001) 

Based on Table 3, it is known that the 

COD content in organic agriculture is higher 

than inorganic farming. This is due to the total 

amount of organic matter contained in the 

waters, both biodegradable and difficult to 

decompose (Lofrano, Meric, Zengin, and 

Orhon, 2013). BOD content in organic farming 

is higher than inorganic farming. This is due to 

the amount of oxygen needed by 

microorganisms to oxidize the organic material 

in the water is high (Ma, Gao, Li, and Zhang, 

2014). The quality of irrigation water used in 

both agricultural systems is in a decent 

category. However, keep in mind that organic 

agriculture is more environmentally friendly 

than inorganic. 

4. Conclusions 
Conclusions of this research are 1). 

organic farming obtained isolates 

Pseudomonas, Pantoea, Stenotrophomonas, 

Serratia, Exiguobacterium, Acinetobacter, and 

Bacillus, inorganic agriculture obtained 

Pseudomonas and Bacillus; 2). Comparison of 
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soil chemistry on organic agriculture:inorganic 

are organic C (1.9 %: 1.4 %), N (0.37 %: 0.24 

%), P (11.64 ppm: 10.81 ppm), K (0.28 %: 

0.23 %), and pH (6.58:6.26), and 3). 

Comparison of irrigation water quality in 

organic farming: inorganic are DO (7.6 ppm: 

6.4 ppm), COD (49 ppm: 26 ppm), BOD (8.8 

ppm: 2.1 ppm), TSS (25 ppm: 48 ppm), Pb 

(<0.0161 ppm: <0.0161 ppm), and Cr-VI 

(<0.0014 ppm: <0.0014 ppm). 
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