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Nonsymbiotic N-fixing bacteria including rhizobacteria play a role in 

providing N elements for plants. Some types of rhizobacteria can 

function as Ryzobacteria Plant Growth Promoting Rhizobacteria 

(PGPR). Indigenous rhizobacteria are more adaptive and efficient 

because rhizobacteria colonies develop well in the soil in accordance 

with their habitat, so N fixation is greater. Pot experiments were carried 

out using a Completely Randomized Design with a combination of 3 

types of indigenous N fixing isolates, namely: I1: Isolate A1.bk, I2: 

Isolate A2.bb.p, I3: Isolate A3.tt.k, I4: Isolate (Isolate A 1.bk + A 2.bb.p), 

I5: Isolate (Isolate A 1.bk + A3.tt.k), I6: Isolate (A 2.bb.p + A3.tt.k), I7: 

Isolate (A1.bk + A2.bb.p + A3.tt.k), repeat 3 times with 21 pots. 

Analysis of the quality of the initial and final rice field research. 

Azotobacter single isolate for fixing N is very low so that the protection 

of vegetative and generative growth is not significantly different, 

except single isolate I3 for observation of the number of filled grains 

and production ha
-1

 shows significant differences with other single 

isolates. The response of Azotobacter isolates to the growth and rice 

production of the SRI method was determined by the type and 

combination of indigenous Azotobacter isolates. Azotobacter 

indigenous isolates are stronger giving high yields for vegetative, 

generative growth and soil quality. The results of rice plants showed 

that the combination isolate I4 (A1.b.k + A2.bb.p) was the best isolate 

for all observations of vegetative and generative growth parameters. 

The stronger the ability of indigenous Azotobacter isolates to live the 

better N fixation and soil nutrient content. The results of the analysis of 

soil nutrients at the end of the study there is an increase in soil nutrients 

in pH, N, P, K, base saturation, which shows the characteristics of 

moderate soil fertility.  
 

 CopyRight, IJAR, 2020,. All rights reserved.

…………………………………………………………………………………………………….... 

Introduction:- 
Intensification paddy fields are planted with the anaerobic system with low rice yield potential. The new method of 

saving production facilities, namely SRI (The System of Rice Intensification) is now widely carried out with various 
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combinations by 10 million farmers with management reaching 4 million hectares, in more than 50 countries [1]. 

SRI changes the mix and allocation of inputs, especially water, seeds, fertilizer and labor [2]. SRI rice cultivation 

water requirements are reduced during the vegetative phase to increase rice production to 15 tons h-1 and make the 

rice taste better and last longer [3]. Dry conditions allow beneficial microorganisms to live and be active, as well as 

abundant availability.  

 

Rice intensification so far has been dominated by high artificial fertilizers, especially nitrogen (N) and phosphorus 

(P). N as an essential macronutrient has an important role in increasing rice production. The availability of N can be 

a limiting factor in increasing rice production. The problem of element N in wetlands is relatively short availability, 

easily dissolved in water, carried by percolation, surface runoff and volatile. The availability of soil nitrogen is a 

major limiting factor [4].  

 

According to [5] the continuous application of N fertilizer at doses of 60 and 80 kg ha
-1

 year
-1

 in the dry season and 

the dry season limits the frequency and diversity of heterotrophic rhizosphere bacteria in the LARR (Long Aromatic 

Rice-Rice) planting system. 

 

The efficiency of N fertilizer uptake in tropical regions by lowland rice plants is relatively low at around 30-50%. 

The low efficiency of N fertilizer adds to the number of production costs borne by farmers. Intensive use of 

chemical fertilizers on agricultural land in the long term will cause a decrease in soil organic content, soil structure 

is damaged and environmental pollution will occur [6].  

 

An effective and efficient solution is needed, which is a biological approach by utilizing the rhizobacteria group. 

The existence of indigenous rhizobacteria is very diverse in the soil. This is influenced by biotic and abiotic factors 

that are in the soil [7]. 

 

Rhizobacteria interact with plant root systems, both directly and indirectly will affect plant growth [8]. The type of 

rhizobacteria is expected to be able to increase the availability of special nutrients N is the type of native N 

fastening. Rhizobacteria are capable of tethering N from the air, both symbiotically (root-nodulating bacteria) and 

non-symbiotic (free-living nitrogen-fixing rhizobacteria) [9]. Some types of rhizobacteria can function as 

Rhizobacteria Plant Growth Promoting Rhizobacteria (PGPR) [10]. The type of non-symbiotic N-fasting 

rhizobacteria and also capable as PGPR which is commonly found in Gramineae plants such as rice are Azotobacter, 

Azospirillum and Beijrinckia spp [11].  

 

According to [12] Azotobacter found in the SRI method in rice cultivation. The characteristics and characteristics of 

this indigenous Azotobacter are more effective, adaptive and efficient in their development and growth because they 

are empowered in their natural ecosystems. 

 

Efforts to utilize indigenous Azotobacter can be done by breeding it and giving it back to the root zone of the 

bacteria's origin in optimal amounts and conditions (reinoculation) to rice plants. The reinoculation of this 

indigenous Azotobacter is expected to be a reliable alternative to enhance the level of efficiency of N fertilization, to 

increase rice production [13]. 

 

According to [14] increased vegetative plant growth due to the synthesis of several growth hormones inoculated 

with indigenous Azotobacter. The provision of microbial inoculants in rice plants using the SRI method was higher 

nutrient availability and nutrient uptake in the presence of nitrogen fixation from Rhizobium sp compared to 

conventional systems.  

  

The availability of P in the soil and translocation of P through root to leaf increases significantly as a result of 

cyanobacterial inoculation. Besides the N and P content of rice seeds is higher due to the administration of microbes 

in the SRI method [15]. 

 

The biological N cycle by microbes gives the effect of exploiting more N fixation. Besides that, it can inhibit 

nitrification and reduce denitrification thereby minimizing the application of inorganic fertilizers and reducing losses 

due to the impact of inorganic fertilizers [16]. 
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Based on the description above, the utilization of Azotobacter indigenous non-symbiotic from the intensification of 

paddy soils planted with SRI method is believed to increase the ability to tether free nitrogen from the air so that it 

can reduce the use of inorganic N fertilizer and maintain environmental sustainability and farm costs are low. The 

purpose of this study was to determine the types of indigenous Azotobacter isolates that could increase the SRI 

method of rice production and the quality of paddy soils 

 

Material And Method:- 
Experimental design:- 

The pot experiment was carried out in a greenhouse using a completely randomized design with a combination of 3 

types of Azotobacter indigenous PGPR. The treatments are I1: Isolate A 1.bk, I2: Isolate A2.bb.p, I3: Isolate A3.tt.k, 

I4: Isolate (A1.bk + A2.bb.p), I5: Isolate (Isolate A1.bk + A3.tt.k), I6: Isolate (A2.bb.p + A3.tt.k), I7: Isolate (A1.bk + 

A2.bb.p + A3.tt.k), repeat 3 times so there are 21 pots. To test the effect of the treatment of the observed responses, 

analysis of variance was performed using the Statistical Analysis System (SAS) program. The Duncan New 

Multiple Range Test (DNMRT) was then tested to see differences in treatment at the 5% level. 

 

Azotobacter isolate collection and implementation:- 

Azotobacter indigenous isolates derived from rice plants rhizosphere with the SRI method in the farmers' rice fields 

in Harau District, Limapuluh Kota Regency. The results of the previous trial selection, obtained three types of 

indigenous Azotobacter isolates with good potential (number of cells> 105-5x104 cells / mL) are A1.bk, A2.bb.p, 

and A
3
.tt.k, conducted with potential Azotobacter indigenous species test source of inoculum in rice plants SRI 

method (Fig. 1). 

 

 
Fig. 1:- A1) Azotobacter A1.b.k isolates focused cells, intact colony edges, yellowish creamy pigment colors, the 

total population of 105 CFU / gram of soil. A2) Azotobacter isolates A2.bb.p, Yarn-shaped cells, wavy edge 

colonies, white pigment colors, total population 4x104 CFU / gram of soil, A3) Azotobacter isolates A3.tt.k., 

irregularly shaped cells, the edge of toothed colonies, yellowish beige pigment color, total population 5x104 CFU / 

gram soil. 

 

Media and initial soil analysis:- 

Growing media comes from the intensification of paddy fields of farmers planted with SRI method rice. The soil is 

air-dried and sieved with a 10 mesh sieve, then mixed with cow manure with a ratio of 3: 1 (v / v). The media was 

sterilized in the autoclave with a temperature of 140 
0 

C with a pressure of 1 Atm for 1 hour in order to kill all 

organisms contained in the soil so that only indigenous Azotobacter isolates would grow. Sterile soil is put in a 20 

kg/pot. Initial soil analysis is taken from 100 gram sterilized soil for initial soil fertility analysis. The results of soil 

analysis with the criteria of soil chemical properties based on [17] are presented in Table 1. 

 

Table 1:- Results of initial soil analysis. 

Parameter Analysis Method Results 

 

Criteria 

 

pH 1;1 H2O 5,25 Somewhat sour 

C-Organic (%) Walky % Black 0,75 Very low 

 

N-Total (%) Kjeldahl  0,09 Very low 
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P – available (ppm) Bray 2 9,00 Low 

K (me.100 g
-1

 soil)   (me.100 g
-1

 soil)  0,11 Low 

CEC (me.100 g
-1

 soil)  N NH4OAc pH 7.0 13,74 Low 

Base Saturation  %  4,22 Very low 

 

 

Inoculation and Planting:- 

Inoculation of indigenous Azotobacter isolates was 20 mL (cell density 104-105) / pot according to the isolated 

treatment and incubated for one week. Seed was carried out by biopriming seeds with three isolates and Azotobacter 

indigenous isolates. Biopriming was carried out on Sijunjung variety rice seeds soaked for 24 hours in a suspension 

of indigenous Azotobacter isolates (48 hours old) with a concentration of 108-109 CFU mL-1 sterile equates. Seeds 

are planted in a plastic tub measuring 30cmx20cmx10cm which contains sterile husk media. The 12-day-old 

seedlings are moved 1 stem/pot. 

 

Irrigation:- 

Watering is done once in 3 days with criteria up to field capacity. This condition is maintained until entering the 

initial flowering period. Flowering period, the water level is maintained up to 3 cm above the surface of the soil until 

the reproductive period. The physiological maturity of the water level is maintained at 5 cm. Ten days before harvest 

the soil is left dry. 

 

Maintenance:- 

Care for plants is carried out mainly weeding because weeds are easier to grow on the SRI method due to aerobic 

systems. Weed is carried out every week and buried by hand so that erase is better. 

 

Fertilization:- 

Fertilization using half the recommended dosage of Urea (Urea 150 kg ha
-1

 or 0.75g / pot), SP-36 (100 kg ha
-1

 or 

0.50g / pot), KCL (50kg ha
-1

 or 0.25 g / pot) procedure according by [18]. Observations were made: (1) Plant Height 

(cm), (2) Number of panicles per clump (panicle), (3) Number of grain per panicle (grains), (4) Weight of 1000 

seeds (g), (5) Production of grain dry per hectare (ton). Soil nutrient analysis end of the research.  

 

Harvest and Post Harvest:- 

Harvesting is done after the plants meet the harvest criteria of 110 days. Post-harvest activities include threshing and 

drying in the sun so that the grain moisture content reaches 14%. Harvesting is done with a sickle 

 

Results And Discussion:- 
The effect of a combination of Azotobacter indigenous PGPR isolates on the growth and yield of rice using the SRI 

method. The results of the vegetative growth savings of the indigenous PGPR Azotobacter isolate combination test 

after statistical analysis are presented in Table 2. 

 

Table 2:-Vegetative   observation from the combination test of indigenous Azotobacter isolates in the SRI method 

of rice cultivation. 

Treatment type  Plant height 

 (cm) 

No. of Tillers (tillers) 

I1 114.67  
d
 20.00  

b
 

I2 124.00  
b
 21.00  

b
 

I3 125.00 
ab

 23.67  
b
 

I4 127.00  
a
 26.00  

a
 

I5  124.67 
ab

 22.67  
b
 

I6  119.33 
bc

 20.33  
b
 

I7 117.33 
c
 21.33  

b
 

 

The numbers in the columns followed by the same upper case letter are not significantly different at a 5% 

significance level as determined by DNMRT. 
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In Table 1, it can be seen from seven indigenous Azotobacter isolates that observed the highest plant height in 

treatment I4, not significantly different from I3 and I5, but significantly different from other treatments. The 

observation for the highest number of tillers in I4 treatment was significantly different from the six other indigenous 

Azotobacter isolates. 

 

These results indicate that the indigenous Azotobacter I4 isolate is a combination of A1.bk isolate population density 

(1 x 105 CFU / g soil) and A3.tt.k isolate population density (5 x 104 CFU / g soil) is the total population density of 

Azotobacter bacteria effective indigenous to increase vegetative growth of rice plants with the SRI method. 

 

I4 combination isolates in addition to the total population and combination of indigenous Azotobacter isolates are an 

appropriate combination so that they are mutually reinforcing in N fixation and soil nutrient providers that affect the 

vegetative growth of rice plants. 

 

According to [19] in general, plants that have a suitable population density of Azotobacter sp have effective ability 

to provide nutrients N. Azotobacter sp is one of the most important and beneficial soil bacteria where the amount 

and distribution are influenced by the physicochemical and biological nature of the soil and land use [20]. 

 

Bacteria as a biological component have many roles positioned as producers of nutrient supply in the soil. Soil as a 

biosynthetic medium and the work of bacteria is seen as a major provider of nutrient requirements for plants [21]. 

Soil bacteria is one of the effective indicators in determining the soil quality index. Soil inoculation by rhizosphere 

bacteria influences inter-phase arsenic transition in rhizosphere soils significantly influences the process of 

immobilization and mobilization of arsenic in plant-soil systems and plant bioavailability [22]. 

 

Observations on the generative growth of the SRI method of rice from the influence of indigenous Azotobacter 

isolates observed were the number of productive tillers, number of grains/panicles, number of filled grains/panicles, 

the weight of 1000 seeds and production ha
-1

. The results of the analysis of variance are presented in Table 3.  

 

Table 3:- Generative   Observation  From The Combination Test Of Indigenous Azotobacter Isolates In SRI Method 

Of Rice Cultivation. 

Treatment 

type 

No. of Productive 

tillers (tillers) 

No. of grains/ 

panicle 

No. of filled 

grains/panicle 

1000 seeds 

weight (g) 

Yield ha
-1 

(ton) 

I1 18.67  
b
 164.00 

b
 151.11  

b
 19.01  

b
 5.95  

c
 

I2 19.00  
b
 174.44 

b
 158.78  

b
 19.25  

b
 6.55  

c
 

I3 20.67  
b
 181.22 

b
 182.22  

a
 19.41  

b
 8.11  

b
 

I4 24.33   
a
 193.44 

a
 185.33 

a
 20.96  

a
 10.67 

a
 

I5 20.00   
b
 178.56 

b
 280.67 

a
 20.45  

a
 8.21  

b
 

I6 19.33   
b
 173.67 

b
 150.44 

b
 19.89 

b
 7.26  

b
 

I7 19.67  
b
 174.33 

b
 158.00 

b
 19.35 

b
  6.65 

b 
   

 

The numbers in the columns followed by the same upper case letter are not significantly different at a 5% 

significance level as determined by DNMRT. 

 

In Table 3 the combination of indigenous Azotobacter isolates on the number of productive tillers and the number of 

rice grains/panicles of the SRI method gave the highest significant effect on the combination of indigenous 

Azotobacter isolates I4 (A1.b.k + A2.bb.p). The combination of indigenous Azotobacter isolates I4 (A1.b.k + A2.bb.p) 

can also play a role in producing growth regulators that function as Rhizobacteria Plant Growth Promoting 

Rhizobacteria (PGPR) capable of increasing generative growth. This condition provides a positive response to the 

growth in the number of productive tillers and the amount of grain/panicle. 

 

According to [23] that root microorganisms related to rhizosphere contribute to the protection of arsenic toxicity in 

the rhizosphere in stimulating plant growth and their effects can be mediated by direct or indirect mechanisms. The 

direct effect is often associated with the supply of biological nitrogen, production of plant hormones such as auxin, 

gibberellin, and cytokinin. Indirect mechanisms include suppressing pathogens and producing antibiotics.  
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The amount of filled grain showed high results in treatments I3, I4, and I5 that were significantly different from other 

treatments. This result is in line with plant height observations (Table 2). The three types of isolates I3, I4 and I5 can 

live in the same environmental and host conditions to fix nitrogen from the atmosphere so that the photosynthesis 

process takes place perfectly, photosynthate yield increases the amount of filled grain. This is in line with the ability 

of nutrient absorption after soil analysis during harvest. The N and P elements indicate the number of nutrients 

absorbed a lot in treatments I3, I4, and I5 (Table 4). 

 

In contrast to I1, I2, I6, and I7 the absorption capacity is small and leaves a little nutrient above the initial soil nutrient 

(Table 1), but all treatments still have an increase in nutrient content compared to the initial soil nutrient analysis 

(Table 1). 

 

At a weight of 1000 seeds, only I4 and I5 isolates were able to give the best results. Isolates I4 and I5 can survive on 

their host, which is still sufficient to survive so that it still gives a positive response to the weight parameters of 1000 

seeds, but the two isolates showed results that were not significantly different. In line with opinion [24], the different 

effects of indigenous Azotobacter isolates were tested because isolates can live in certain environmental and host 

conditions to fix nitrogen from the atmosphere, so photosynthetic results are also different.  

 

Observations on the production per pot of all yield components show that only I4 isolates were able to give the 

highest yield. This phenomenon shows that isolate I4 is a combination of indigenous Azotobacter isolates which acts 

as a nutrient supply producer capable of synthesizing N fixation perfectly so that it is superior to single isolates and 

other combination isolates as shown by vegetative and generative observation parameters (Tables 2 and 3). 

 

The difference in influence shows that the seven isolates of a single indigenous Azotobacter and combination can 

live in certain environmental and host conditions and the ability to fix N from the atmosphere that is not the same. 

Therefore the type and number of populations of indigenous Azotobacter isolates gave different responses to 

vegetative and generative observations of rice plants.  

 

According to [25] Azotobacter sp inoculation in peanut plants increased Azotobacter sp population and peanut 

growth was not significant. According to [26] the application of biological fertilizers containing various N-fixing 

bacteria can increase the morphological parameters of Catharanthus roseus L as well as secondary nutrient and 

metabolic absorption. The use of Arbuscular Mycorrhizal Fungi microbes in SRI method rice cultivation can 

increase SRI method rice production to 13.86 tons ha
-1

 [27]. Application of Bioorganic Plus containing Trichoderma 

harzianum and P. fluorescents microbes can increase the SRI method of rice production by 229.05% [28]. 

 

Analysis of the quality of the final rice field research: 

Table 4:- Results  Of  The Final Analysis Of  The Study  After Being Treated.

No Soil Chemical Characteristics 

 

Treatment  (I) 

I1 I2 I3 I4 I5 I6 I7 

1 pH H2O (1:1) 5,72 5,75 6,05 6,08 6,02 5,92 5,88 

2 C-organic (Walkley and Black) % 1,45 1,75 1,63 2,74 2,62 2,26 1,65 

3 N-total (kjeldahl) % 0,17 0,22 0,19 0,26 0,19 0,21 0,19 

4 P-available (Bray-2) ppm 16,01 15,14 10,0 17,12 14,0 14,58 14,97 

5 K  (me.100 g
-1

 tanah) 0,12 0,21 0,19 0,17 0,22 0,24 0,25 

6 CEC (me.100 g
-1

 tanah) 12,70 16,19 15,04 11,81 14,69 14,79 14,76 

7 Base Saturation  (%) 4,88 5,25 5,65 5,82 5,72 5,34 5,42 
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Intensification of paddy soils that have been treated by giving indigenous Azotobacter isolates the chemical nature 

of the soil has been changed. Low soil pH conditions at the beginning of 5.25 (Table 1) increased mainly in 

treatments I3, I4 and I5 to the range of 6.02-6.08 (medium criteria). Moderate soil pH conditions will increase the 

availability of macronutrients such as nitrogen, phosphorus, and potassium making it easier for plants to absorb it. 

This increase is due to the activity of indigenous Azotobacter isolates, especially the I4 treatment. This has a positive 

impact on soil nutrient absorption, especially nitrogen (N), phosphorus (P). The availability of N and P is still 

increasing after being utilized by plants, the results of soil analysis after harvest are used more for the energy 

process in rice plants. Furthermore, rice production increased (Table 2 and 3). Increasing the pH value after harvest, 

this is more due to the base saturation value rising around 130.33% from the initial conditions (Table 1). The 

increase in soil pH value is the impact of the process of soil bacterial community [29]. In Fig.2 the pH, C-organic 

and Base Saturation values are presented. 

 

 
Fig. 2:- pH value, C-organic, base saturation at the beginning and end of the study in each treatment. 

 

Fig. 2. The organic C content of soil illustrates the soil organic matter content which is a parameter of soil fertility. 

Initial analysis of the C-organic content of the study site was very low at <1%, indicating very little organic material 

production at the study site. The value of C-organic is very low because the location of the study of the humility of 

the surroundings often floods when heavy rains, so that the existing organic material is carried away by erosion. 

After the application of indigenous Azotobacter isolates in all treatments an increase in soil C-organic value>2% 

ranged from 1.45 to 2.74 (moderate). On the same soil, the growth of different microbial communities is influenced 

by temperature and vegetation so that the C-organic value of the soil is different [30].  

 

Based on the content of the content, N, P, K is classified as moderate and organic C is classified as low, as well as 

medium saturation which is classified as moderate, characterizing intensification of paddy soils after being given 

indigenous Azotobacter isolates categorized as moderate fertility. This shows that the inoculation of indigenous 

Azotobacter isolates can increase soil nutrient availability. According to [31] states, the use of free nitrogen-fixing 

biological fertilizers such as Azotobacter sp can increase nitrogen fixation, reduce the use of urea, prevent the 

reduction of soil organic matter and reduce environmental pollution. 

 

Conclusions:- 
The ability of Azotobacter single isolate in N fixation is still low as indicated by observations of plant height, 

number of tillers, number of productive tillers number of grain/panicle and weight of 1000 seeds are not 

significantly different. Single isolate I3 on the observation of the amount of filled grain and production ha
-1

 showed 

significant differences with other single isolates. The best Azotobacter combination isolates obtained in isolate I4 

(A1.b.k + A2.bb.p) were able to increase vegetative and generative plants per plant. The response of Azotobacter 

isolates to the growth and rice production of the SRI method was determined by the type and combination of 



ISSN: 2320-5407                                                                                Int. J. Adv. Res. 8(01), 185-193 

192 

 

Azotobacter isolates. The ability of Azotobacter isolates for N fixation is influenced by environmental growth 

factors, which have an impact on soil nutrient content. The stronger the survival ability of Azotobacter isolates the 

better the N fixation and soil nutrient content also increases. The results of the analysis of soil nutrients at the end of 

the study showed an increase in the main soil nutrients at pH, N, P, K, base saturation, which showed the 

characteristics of moderate soil. 

  

Acknowledgment:- 
This research was supported and funded by KEMEN RISTEK DIKTI and P3M Payakumbuh State Agricultural 

Polytechnic, West Sumatra, Indonesia. 

 

References:- 
1. Uphoff, Fasuola, Iswandi, Kassam dan Thakur,”  Improving the phenotype expression of rice genotypes: 

Rethinking"Intensification" for production system and selection practices for rice breeding. The Crop Journal, 

vol 3, pp. 174-189. June.  2015 

2. Berkhout, Glover, Kuyvenhoven, “ On-farm impact of the System of Rice Intensification (SRI)”: Evidence and 

3. knowledge gaps. “ Agricultural Systems, vol. 132, pp. 157 – 166.  January. 2015. 

4. Get home-Hardy, A, Reddy, D.N., Venkatanarayana, M, Hamsis-White, Barbara, “ System of Rice 

Intensification provides environmental and economic gains but at the expense of social sustainability-A 

multidisciplinary analysis in India.” Agriculture System, vol. 143, pp. 159 – 168. March. 2016. 

5. Rakotoson, T, Dusserre, J.Stormy, P, Ratsimiala Ramona, I, Vi Cao, T, Ramanantsoanirina, A, Roumet, P., 

Ahmadi, N., Marie Raboin, L.” Genetic variability of nitrogen use efficiency  in rainfed upland rice.” Field 

Crops Research, vol. 213,  pp. 194-203. Nov. 2017. 

6. Kumar, U., Panneerselvam., Govindasamy.V., Vithalkumar.L., Senthilkumar, M., Avishek Banik., Annapurna, 

K. “ Long-term aromatic rice cultivation effect on frequency and diversity of diazotrophs in its rhizosphere. “ 

Ecological Engineering., vol. 101, pp. 227 – 236.  April. 2017.  

7. Hawkesford, M. J. “Genetic variation in traits for nitrogen use efficiency in wheat.“ Journal of Experimental 

Botany, vol. 68, pp. 2627-2632. May. 2017. 

8. Smith-Ramesh, L. M., & Reynolds, H. L. “ The next frontier of plant-soil feedback research: unraveling context 

dependence across biotic and abiotic gradients.” Journal of Vegetation Science, vol. 28 (3), pp. 484–494. 

January. 2017. 

9. PII, Y., Borruso, L., Brunetti, L., Crecchio, C., Cesco, S., & Mimmo, T.  “The interaction between iron 

nutrition, plant species, and soil type shapes the rhizosphere microbiome.” Plant Physiology and Biochemistry, 

vol. 99, pp. 39–48. February. 2016. 

10. Thokchom, E., Thakuria, D., Kalita, M. C., Sharma, C. K., & Talukdar, N. C. “ Root colonization by host-

specific rhizobacteria alters indigenous root endophyte and rhizosphere soil bacterial communities and promotes 

the growth of mandarin orange.” European Journal of Soil Biology, vol, 79, pp. 48–56. March-April. 2017. 

11. Jha, C. K., & Saraf, M.” Plant growth-promoting Rhizobacteria ( PGPR ): a review.” Journal of Agricultural 

Research and Development, vol. 5, pp. 108–119. March. 2015. 

12. Tariq, M., Noman, M., Ahmed, T., Manzoor, N., & Zafar, M..” Antagonistic features displayed by Plant 

Growth Promoting Rhizobacteria (PGPR):” A review. Journal of Plant Science and Phytopathology, vol. 1, pp.  

38–43. June. 2017.  

13. Elita, N., Rita Erlinda and Agustamar., “ Buku Proses Penemuan Isolat Bakteri Azotobacter Pada Rhizosfir 

Tanaman Padi Metode SRI”. Surat Pencatatan Ciptaan. EC00201823121,  August.7, 2018. 

14. Elita, N.Agustamar, Yulensri and Auzia Asman. Exploration and Application of N Indigenous Bacteria 

Blocking of Vigor and Viability of Paddy. Proceeding National Seminar on Policy and Development of 

Downstream Technology in Efforts to Increase Added Value of Agricultural Products, Wednesday 3 December 

2014. State Agricultural Polytechnic Payakumbuh. ISBN. 978-979-98691-6-6. 

15. Samah, Abdel Arez, Was. G-E Weda, NG.Z, Girgis, Bethania. F Abdel Ghany  “.Improving the productivity 

and quality of black cumin (Nigella sativa) by using Azotobacter as an N2 biofertilizer. “ Annals of Agricultural 

Sciences, vol.  59, pp. 95-108. June. 2014. 

16. Prasanna, R.  Adak, A, Verma, S., Bidyarani, N. Babu, S., Pal, M, Singh, Yand Nain, L  “ Cyanobacterial 

inoculation in rice grown under flooded and SRI modes of cultivation elicits differential effects on plant growth 

and nutrient dynamics.” Ecological Engineering, vol.  84, pp. 532 -541. Nov. 2015.  

17. R. Hirsch, Penny, and H, Machine, “ Chapter Two-The Importance of the Microbial N Cycle “ in Soil for Crop 

Plant Nutrition.Advances in Applied Microbiology, vol, 93,  pp. 45-71. Oct .2015. 



ISSN: 2320-5407                                                                                Int. J. Adv. Res. 8(01), 185-193 

193 

 

18. Government of Manitoba. “Soil Management Guide”. Agriculture. 2016. 

19. Kai-Lou, L., Ya-Zhen, L., Li-jun, Z., Yan, C., Qing-hai, H., Xi-chu, Y., & Da-ming, L. Comparison of crop 

productivity and soil microbial activity among different fertilization patterns in red upland and paddy soils. Acta 

Ecologica Sinica, vol. 38, pp. 262-267. June. 2018. 

20. Kartina, AM. Nurmayulis, Andi Apriany Fatmawaty dan Dewi Virginia. “ Exploring the Potential of Plant-

Microbe in Increasing the yield of soybean (Glycine max) on the Keding field. “ Jurnal. Agroekotek, vol. 7, pp. 

121-128. Des. 2015. 

21. Suliasih, & Widawati, S." The Effect of Biofertilizer Combined with Organic or Inorganic Fertilizer on Growth 

of Caesalpinia pulcherrima and Bacterial Population in Soil." in IOP Conference Series: Earth and 

Environmental Science. 2018. paper  012024, p.166  

22. Cavagnaro, T, R., Bender, S.F, Asghari, R.H. G.A van der Heijden, M.” The role of arbuscular mycorrhizas in 

reducing soil nutrient loss.” Trends in Plant Science, vol.  20, pp. 283-290.  May. 2015. 

23. Belogolova, G, A., Sokolova, M.G., Gordeeva, O, N, Vaishya, O.B., "Speciation of arsenic and its 

accumulation by plants from rhizosphere soils under the influence of  Azotobacter and Bacillus bacteria. " 

Journal of Geochemical Exploration, vol.149, pp. 52 – 58.  February. 2015.  

24. Mohd, S., Kushwaha, A. S., Shukla, J., Mandurah, K., Shankar, J., Ajaria, N., Kumar, M. “ Fungal mediated 

biotransformation reduces the toxicity of arsenic to soil-dwelling microorganism and plant.” Ecotoxicology and 

Environmental Safety, vol. 176, pp. 108-118. July..2019. 

25. Normas, Andi, Niantic, Abdul Rahman, Andi Khaeruni. " Exploration and Characterization of Indigenous 

Azotobacter for biofertilizer Development of Local Upland Rice of Marginal Land." Jurnal Agroteknos, vol. 4, 

pp. 127 – 133. .July. 2014.  

26. Hindersah, R., Handyman, Z., Indriani, F. N., Suryatmana, P., & Nurlaeny, N. “ Azotobacter population, soil 

nitrogen and groundnut growth in mercury-contaminated tailing inoculated with Azotobacter.” J. Degrade. Min. 

Land Manage, vol. 5, pp.1269-1274. April.2018. 

27. Hashemabadi, D., Sabzevari, F., Kaviani, B., & Ansari, M. H. “ Organic N-fertilizer, rhizobacterial inoculation, 

and fungal compost improve nutrient uptake, plant growth and the levels of vindoline, ajmalicine, vinblastine, 

catharanthine and total alkaloids in Catharanthus roseus L. “ Folia Horticulturae, vol. 30, pp. 21-30. June. 2018. 

28. Elita, N., Susila, E., & Yefriwati. “ The potential types of indigenous arbuscular mycorrhizal fungi as sources of 

inoculum and their effect on rice production using the system of rice intensification method. “ Pakistan Journal 

of Nutrition, vol. 17, pp. 696-701. Nov. 2018. 

29. Erlinda, R., Elita, N., & Susiawan, E.” The Utilization of For Bioorganic Plus Fertilizer for Improving the SRI 

Rice Production.” Journal of Applied Agricultural Science and Technology, vol. 3, pp. 57-66. February. 2019. 

30. Tripathi, B. M., Stegen, J. C., Kim, M., Dong, K., Adams, J. M., & Lee, Y. K, “ Soil pH mediates the balance 

between the stochastic and deterministic assembly of bacteria,” ISME Journal, vol.12,  pp.1072-1083, March. 

2018 

31. Creamer, C. A., de Menezes, A. B., Krull, E. S., Sanderman, J., Newton-Walters, R., & Farrell, M. “Microbial 

community structure mediates the response of soil C decomposition to litter addition and warming.” Soil 

Biology and Biochemistry, vol. 80. Pp. 175-188. January.2015 

32. Rodrigues, M. Â., Ladeira, L. C., & Arrobas, M.. “Azotobacter-enriched organic manures to increase nitrogen 

fixation and crop productivity.” European Journal of Agronomy, vol. 93, pp.88-94. February. 2018. 


