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ABSTRACT 

The hydroponic system is an alternative technology to plant cultivation  as a solution to 

overcome the limitation of agricultural land. Tomato (Solanum lycopersicum L.) production with 

this system has its own market segment. To increase the production of tomatoes in a hydroponic 

system requires the precise composition and dosage of nutrients, and the use of nutrients 

effectiveness needs to be increased through the application of an effective “Plant Growth 

Promoting Rhizobacteria” (PGPR) consortium. This experiment aims to determine the potential 

effectiveness of the PGPR consortium and to find the properly dose of hydroponic nutrients to 

increase the viability of Phosphate Solubilizing Bacteria (PSB), plant P uptake, and tomato yield 

in a hydroponic system. The research design used was a factorial randomized block design 

(RBD) consisting of two factors, namely the dose of the PGPR consortium consisting of three 

levels (0 ml/polybag, 5 ml/polybag, and 10 ml/polybag and the second factor was the nutritional 

dose: three levels (0 ml, 250 ml, and 500 ml). The experimental results showed that there was no 

interaction between the application of the PGPR consortium and hydroponic nutrition on the 

population of phosphate solubilizing bacteria, P uptake of tomato plants and tomato yield. The 

application of the PGPR consortium did not show a significant effect in increasing the PSB 

population, P uptake and yield, but the PGPR consortium tended to have the potential to increase 

the PSB population density, P uptake and tomato fruit weight, although were not increasing 

significantly. While the application of nutrient significantly increased Phosphate uptake, 

population of phosphate solubilizing bacteria and tomato yield. The dose of 250 ml/pot produced 

the highest tomato yield which reached 839.33 g/plant.  

Keywords: Consortium, Hydroponic,  Phosphate Solubilizing Bacteria (Psb),   P Uptake, 

Tomato (Solanum Lycopersicum L). 

https://doi.org/10.35410/IJAEB.2021.5651


International Journal of Agriculture, Environment and Bioresearch 

Vol. 06, No. 04; 2021 

ISSN: 2456-8643 

www.ijaeb.org Page 58 

 

1. INTRODUCTION 

Indonesia tomato production in 2014 according to [2], was 895,163 tons, this figure decreased 

compared to tomato production in 2013 which was 992,780 tons. The need for agricultural 

products is increasing along with the increase in population. Decreasing in tomato production 

can be caused by several factors, namely environmental factors and leached land due to the use 

of chemical fertilizers, displacement of agricultural land. So that, the alternative technology to 

overcome these obstacles is tomato production using a hydroponic system. Hydroponics is a 

technology for cultivating plants without using soil as a planting medium [12],  needs macro and 

micro nutrient which are applicated in the form of a nutrient solution. Meanwhile, the material 

for the planting media used in hydroponic system must selecting the porous materials and has 

capability strongly to hold water [28; 30]. Husk charcoal and cocopeat are media that can be 

used as hydroponic growing media. Husk charcoal is able to bind water and  crumbly, and its 

structure is easy to store oxygen and has high porosity [27 ]. Meanwhile, cocopeat has a great 

water-holding ability. The water content and water retention in cocopeat are 119% and 695.4%, 

respectively [8].   

The advantages of the hydropic system compared to conventional planting are better in its 

hygiene, easier for land and weed management, very efficient use of fertilizers and water, high-

quality production plants, higher crop productivity, plants that are easy to select and controlling 

properly and can be cultivated in a narrow area [26]. Composition and doses of nutrition in 

hydroponic systems are important factors [15]. Using nutrition too low doses lead showing no  

significant effect to the plant  yield , while Nutrition uses at  too high  doses can cause plants to 

undergo plasmolysis [14; 32]. One of the hydroponic methods according to [29] report that is 

developed in Indonesia for the first time until now is substrate hydroponics. Several things that 

need to be considered in the development of substrate hydroponic technology are the selection of 

planting media and the arrangement of the nutrient composition used [4]. 

Phosphorus is the second essential nutrient after nitrogen needed by plants. Elemental P in nature 

bound with oxygen is called a phosphate compound. Plants absorb phosphate in the form of 

inorganic phosphate ions, especially H2PO4
- and HPO4

2-. Phosphorus is divided into two forms, 

namely P-organic and P-inorganic. P-organic comes from plant, animal, and microbial residues. 

The availability of organic P for plants is highly dependent on microbial activity to mineralize it. 

In the process of mineralization of organic matter, organic phosphate compounds are 

decomposed into inorganic phosphate forms available for plants by the enzyme catalytic of 

phosphatase enzymes [7; 19]. Phosphatase is an enzyme system that will be produced when the 

availability of phosphate is low. Phosphatase is excreted by plant roots and microorganisms [9]. 

The phosphatase enzyme can break the phosphate bound by organic compounds into available 

forms. In addition to phosphatase enzymes produced by phosphate solubilizing bacteria, there are 

also other enzymes such as phytase, phyrophosphatase, and metaphosphatase enzymes. 

The PGPR consortium contains various types of functional microorganisms. The consortium 

used in this study consisted of Azotobacter chroococum, Azotobacter vinelandii, Azospirillum 

sp., endophytic bacteria Acinetobacter sp., as N fixing bacteria group, and groups of phosphate 

solubilizing microbes such as Pseudomonas cepacia and Penicillium sp. The provision of the 
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PGPR consortium is expected to be able substituting the need for phosphate nutrients for plants. 

The results of Priyadi's research (1998)[21] showed that caisim plants treated with phosphate 

solubilizing bacteria, Azospirillum sp. and  sp. produced yield of  caisim of 39 - 47 t ha-1 net 

weight. Endophytic bacteria Acinetobacter sp., phosphate solubilizing bacteria (Pseudomonas 

cepacia) and phosphate solubilizing fungi (Penicillium sp.) are useful in facilitating the supply of 

nutrients , as a biological fertilizer, are also able to streamline the use of NPK and increase crop 

yields[23]. The application of the PGPR consortium providing N and P nutrients and providing 

phytohormones belonging to Plant growth promoting Rhizobacteria (PGPR) group which can 

promote the plant growth [25].  

Phosphte solubilizing microbes are included the PGPR group that can release phosphate nutrients 

bounded to Fe, Ca, Mg or Zn, and can produce phosphatase enzymes and phytohormones [6; 17]. 

The phytohormones produced can be in the form of auxins and cytokinins. Auxin 

phytohormones function   stimulate root growth, regulate cell enlargement and trigger plant cell 

elongation, and increase apical dominance and xylem differentiation. Auxins are found in 

actively growing meristematic tissues such as plant shoots, root tips, twig shoots and leaves. 

Auxin phytohormones that are abundant in nature and the most active are Indole Acetic Acid 

[31; 18]. Indole acetic acid is the main auxin that needed for inducing plants growth [11]. 

Cytokinin phytohormones function to influence root growth and differentiation, promote root 

cell division and germination. Thus, the use of the PGPR consortium is expected to improve root 

growth that led to increase P uptake, population of phosphate solubilizing bacteria, tomato 

productivity and be able to reduce the need of inorganic nutrients in hydroponic cropping 

systems. However, the potential of PGPR in this research has not been tested for its effectiveness 

as a functional inoculant in a hydroponic system to increase tomato yields.  

The purpose of this study is focused on assessing the effectiveness of the PGPR consortium 

inoculant on the viability of phosphate solubilizing bacteria, plant P uptake and tomato yield. 

2. MATERIALS AND METHODS  

The research was carried out on a greenhouse scale in the experimental garden of the Faculty of 

Agriculture, Padjadjaran University, Jatinangor, Sumedang Regency. The research location is at 

an altitude of ±725 meters above sea level (asl) with an average temperature of 29˚C and an 

average humidity of 41.3%. The materials used in this study were (1) a mixture of husk charcoal 

and cocopeat with a ratio of 2: 1 and a weight of 1.7 kg/polybag; (2) Valoasis variety tomato 

seeds; (3) consortium of PGPR inoculants obtained from the collection of the Soil Biology 

Laboratory, consisting of Azotobacter chroococum, Azotobacter vinelandii, Azospirillum sp., 

endophytic bacteria Acinetobacter sp., phosphate solubilizing bacteria (Pseudomonas cepacia) 

and phosphate solubilizing fungi (Penicillium sp.), (4) hydroponic nutrition.  

2.1. Experimental Design  

The experiment was carried out using a factorial randomized block design (RBD) consisting of 

two factors. 

The first factor was the dose of the PGPR consortium (P) consisting of three levels:  
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p0 : Control (without PGPR consortium);  

p1 : PGPR Consortium 5 ml/pot;  

p2 : PGPR Consortium 10 ml/pot.  

The second factor was the dose of hydroponic nutrients (H) which consists of three levels:  

h0 : Control (without application of hydroponic nutrients); 

h1 : Hydroponic nutrition  250 ml/ pot;   

h2 : Hydroponic nutrition  500 ml/ pot.  

The parameters observed consisted of the population density of phosphate solubilizing bacteria 

(PSB) using  Total Plate Count (TPC) method which using Pikovskaya’s media. P uptake was 

carried out by wet ashing method with HClO4 and tomato yields  were the yield of the number of 

tomatoes per plant and the fruit weight per plant.  

2.2. Tomato Seeding and Planting.  

Tomato seeds of  Valoasis variety were sown in pot trays  measuring 25 cm x 40 cm x 5 cm with 

seedling media in the form of husk charcoal. Seeds were sown in planting holes with a depth of 1 

cm. Maintenance was done by watering single day until the age of 25 days.  The medium for 

plant growth consisted of a mixture of husk charcoal and cocopeat with a ratio of 2:1 and a 

weight of 1.7 kg/pot. Planting media was prepared in pot measuring 20cm x 25cm. The 

hydroponic nutrients used consisted of solution A (6.6 kg CaNO3), solution B (2.4 kg KH2PO4; 

1.8 kg KNO3), solution C (5.4 kg MgSO4), and solution D (0.42 kg FeSO4; 3 g CuSO4; 12 g 

MnSO4; 12 g H3BO3; 1 g Ammonium-Hepta Molybdate; 6 g ZnSO4). Water was added to each 

solution until it reached a volume of 30 L, then stirred until homogeneous. The treatments 

consisted of control (without nutrition), recommended dose (250 ml), and one recommended 

dose (500 ml). Tomato seeds that were 25 DAS (days after sowing) were transferred to planting 

media in pot.  

2.3.PGPR Consortium Application and Observations. 

The PGPR consortium inoculant was applied twice during observation were at the time of 

planting ( 0 WAP) and two weeks after planting (2 WAP). The method of application of the 

PGPR consortium was through injection in the area nearby the root.  

Harvesting was done when the fruit is almost ripe, marked by the rupture of the color of the 

tomato fruit, which is reddish yellow and the fruit is not too hard. Harvest age of tomatoes  fruit 

plants was 10 WAP to 12 WAP. Harvesting was done 5 times, gradually with an interval of 3-5 

days of harvesting[22]. 

3. RESULTS AND DISCUSSION  

3.1 Phosphate Solubilizing Bacteria (PSB) population. 
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The investigation results based on statistical analysis showed that there was no significant 

interaction effect between the application treatment of the PGPR consortium and hydroponic 

nutrition on the population density of PSB, but there was a significant difference in the treatment 

using hydroponic nutrition. The results of the analysis are shown in Table 1. 

  Table 1. Effect of PGPR consortium  and Hydroponic Nutrients on PSB Population. 

Treatment  Density of PSB  (105 CFU g-1) 

PGPR Consortium Dosage (P)  

p0 = 0 ml pot-1 (control) 53,98 a 

p1 = 5 ml pot-1  43,73 a 

p2 = 10 ml pot-1  64,06 a 

 

Hydroponic Nutrition Dosage (H)  

h0 = 0 ml (control) 30,21  a 

h1 = 250 ml pot-1 75,52  b 

h2 = 500 ml pot-1 56,03 ab 

                        Note: The numbers with the same letter means the significantly different 

according to Duncan's Double  

                                  Distance Test at the 5% level. 

The results of Duncan's multiple-distance test showed that the application of the PGPR 

consortium between different doses treatment did not show a significant difference to the 

population density of PSB per pot. However, the application of a dose of 10 ml/pot showed the 

PSB population tended increasing compared to the 5 ml/pot treatment, although statistically is 

not significantly increase. 

The variation dose of Nutrition treatment showed a significant increase in PSB population 

density compared to the control treatment, but there was no significant difference between the 5 

ml/pot treatment and the 10 ml/pot treatment. In fact, it appears that the PGPR consortium 

application  of 10 ml/pot tended increasing population of PSB. The highest PSB population 

density occurred at a dose of 250 ml/pot (h1) nutrition application with a population density of 

phosphate solubilizing bacteria of 75.52 x 105 CFU g-1 

The effect of the PGPR consortium application on the population of phosphate solubilizing 

bacteria did not show an increasing in the PSB population. This phenomenon was occurred due 

to the negative compatibility between indigenous species and augmented inoculants. Besides 

that, carbon sources derived from organic materials in the growing media have not been able to 
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provide the nutrient requirements for phosphate solubilizing bacteria for their growth. This is a 

result of the organic matter contained in the medium not yet fully decomposed, this hypothetic is 

proven by  evident from the C/N levels of media was high. A high C/N content means that the N 

element in the medium is in low level, while the C element has a higher value and difficult to 

degraded. According to [5] reported that organic matter with low N content, high C, and high 

lignin will affect the rate of decomposition of the organic matter, namely the material will 

decompose longer when compared to a low C/N ratio, making it was unavailable carbon source 

for PSB community. Poerwowidodo [20] stated that rice husks and coconut husks are organic 

materials that are difficult to decompose, and cocopeat containing high lignin can reduce the rate 

of decomposition [3]. As a result of the slow decomposition rate, the sources of C, N and P for 

PSB are low and there will even be competition between  microbial groups in the system for 

obtaining sources of C and the also other nutrients. Simanungkalit [24] stated that due to 

nutritional competition, the need for C.N, P and other nutrients was not met, microbial activity 

would be inhibited or work less than optimally.  

Result of this study reveal that the nutritional needed by PSB are met by hydroponic nutrition. 

There was an increase in PSB population density at a dose of 250 ml/pot. However, it also 

showed that in high nutrient concentrations resulted in decreased PSBF population and inhibited 

growth. This phenomenon can be explained that the activity of microorganisms will not be 

maximized if the conditions of the growing media have an abundant nutrient content. Pal [16] 

reported that nutrition concentration in  high level  will even suppress the growth of PSB due to 

the phenomenon of inhibition of high substrate.  

3.2 Tomato plant Phosphate uptake. 

Phosphate  uptake of tomato plant  is the process of transporting P ions in the planting medium to 

plant roots through mass flow or diffusion. Elemental P is absorbed by plants in the form of 

primary orthophosphate (H2PO4
-) and secondary orthophosphate (HPO4

2-) [33]. The results of 

statistical analysis showed that due to the application of the PGPR consortium there was no 

interaction between the PGPR consortium application and the application of hydroponic 

nutrients on plant P uptake, but the use of hydroponic nutrients independency application 

appeared to have a significant effect between treatments. The data are shown in Table 2. 

Table 2. Effect of PGPR consortium and Hydroponic Nutrients on Phosphate Uptake. 

Treatment  P- uptake (mg plant-1) 

PGPR Consortium Dosage (P)  

b0 = 0 ml pot-1 (control) 123,92 a 

b1 = 5 ml pot-1  118,09 a 

b2 = 10 ml pot-1  126,12 a 
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Hydroponic Nutrition Dosage (H)  

h0 = 0 ml (control)    1,97 a 

h1 = 250 ml 165,66 b 

h2 = 500 ml  200,49 c 

Note : The numbers with the same letter means the 

significantly different according to Duncan's Double 

Distance Test at the 5% level. 

 

 

The application of PGPR consortium treatments showed that were not significantly different 

effect, but the 10 ml/pot dose treatment tended  higher than 5 ml/ pot nutrient application  and 

control treatments, resulting in P uptake of up to 126.12 mg/plant (Table 3). This study  revealed 

that the application of PGPR consortium at a dose of 10 ml/pot has the potential to provide P 

nutrients through its catalytic activity of providing available P to plants, so that P uptake at a 

dose of 10 ml/pot has a tendency to increase. As according to [1], microbes will produce 

phosphatase and phytase enzymes as well as existing organic acids, which will increase available 

P. Duncan's multiple distance difference test showed that the best treatment using hydroponic 

nutrients is shown at the addition of 500 ml/pot of nutrients with a P uptake of 200.49 mg/plant. 

Phosphate  uptake increased with increasing nutrient dose application. Provision of nutrients is 

able to provide a supply of nutrients that are easily absorbed by plants through the roots. 

According to [10], nutrients can be absorbed by plants through roots and leaves in the form of 

ions available to plants. The absorption of ions by plants takes place continuously because plant 

roots are always in contact with nutrients. The results of this study showed that tomato plants 

were still able to absorb Phosphate  from the nutrient solution at a dose of 500 ml/pot. 

3.3 Tomato Plant Yield 

The yield of tomatoes in this study was represented by the number of tomato  fruits and the 

weight of the tomatoes produced. The results of the analysis are shown in Table 3.  

The experimental results showed that the application of the PGPR consortium  did not show a 

significant increase to the number of Tomato fruit nor tomato fruit weight, however, it appears 

that the application of the PGPR consortium at a dose of 5 ml/pot tends to have the potential to 

produce higher fruit weight than other treatments, namely 471.56 g/plant. This shows that 

phytohormones and growth regulators produced from the PGPR consortium can play a role in 

increasing the growth performance of tomato plants which results in an increase in tomato fruit 

weight. 
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Table 3. Effect of Biological Fertilizer and Hydroponic Nutrients on Tomato Yield. 

Treatment Number of Tomato 

fruits 

Weight of the 

tomatoes 

 (g plant-1) 

PGPR Consortium Dosage 

(B) 

  

b0 = 0 ml pot-1 (control) 3 a 401,89 a 

b1 = 5 ml pot-1  3 a 471,56 a 

b2 = 10 ml pot-1  3 a 362,89 a 

 

 Hydroponic Nutrition 

Dosage (H) 

  

h0 = 0 ml (control) 0 a 0,00     a 

h1 = 250 ml 6 b 839,33 c 

h2 = 500 ml  3 b 397,00 b 

Noted : The numbers with the same letter means the significantly 

different according to Duncan's Double Distance Test at the 5% 

level. 

 

The experimental results showed that based on statistical analysis the application of hydroponic 

nutrients showed a significant effect on increasing the number of fruits and fruit weight. 

Duncan's multiple spacing test showed that the treatment dose of 250 ml/pot of hydroponic 

nutrients  was the best treatment, with a total of 6 fruits and a fruit weight of 839.33 g/plant. The 

use of hydroponic nutrients with the recommended dose (500 ml/ pot) turned out to produce 

lower tomato crop yields. This phenomenon shows that the concentration of nutrients at a dose of 

500 ml/pot indicated a dose that exceeds the requirement, so that it tends leading to nutrient 

poisoning which can inhibits the growth rate of the plant. Thus the treatment of dose of nutrients 

(250 ml/pot) was quite effective in increasing the yield of tomato plants.  

4.CONCLUSION  

The application of the PGPR consortium and hydroponic nutrients to tomato plants (Solanum 

lycopersicum L.) in  the hydroponic system did not show any interaction with PSB  population 

density, P uptake in tomato plants and tomato yields. From the independent treatment effect, it,  

was shown that the application of the PGPR consortium could not significantly increase  BPF 
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population density, P uptake, and the number and weight of tomatoes  in a hydroponic system. 

While the application of hydroponic nutrition at a dose of 250 ml/pot increased the highest PSB 

population density of 75.52 x 105 CFU/g, producing the highest number of fruits and weight of 

tomatoes  were 6 pieces/plant and 839.33 g/plant, respectively. And the dose of hydroponic 

nutrients that can increase the highest Phosphate uptake by plant is at a dose of 500 ml/pot. 

REFERENCES 

[1] Alexander, M.. Introduction to soil microbiology. John Wiley and Sons. New York. pp. 333-

349, 1977 

[2] Badan Pusat Statistik (BPS). Produksi Tomat. http://www.bps.go.id,  2014 

[3] Barlianti, V. and E. I. Wiloso. Potensi pemanfaatan lingo selulosa pada coir dust sebagai 

penyerap tumpahan minyak pada air. Berita Selulosa 43, pp. 101-106, 2008. 

[4] Bugbee, B. Nutrient Management in Recirculating Hydroponik Culture. Paper presented at 

The South Pacific Soil-less Culture Conference, in Palmerston North, New Zealand, 2003 

[5] Camire, C., Cote, B., and Brulote, S. Decomposition of Roots of Black Ader and Hybrid 

Poplar in Short Rotation Plantings : Nitrogen and Lignin Controls. Plant and Soil, 18, pp. 123-

132, 1991. 

[6] Fitriatin, B.N.  A. Yuniarti,  T. Turmuktini and M. F. M. Saman. The effect of phosphate 

solubilizing microbe producing growth regulators to increase solubilizing of soil phosphate 

and yield of maize on marginal soil. Soil Water Journal (2)1, pp. 547 – 554, 2013.  

[7] Gaur, A.C., R.S. Mathur, and K.V. Sadasivam. Effect of organic materials and phosphate-

dissolving culture on the yield of wheat and greengram. Indian. J. Agron. 25:, pp. 501-503, 

1980.  

[8] Hasriani, Dedi Kusnadi Kalsin, and Andi Sukendro. Kajian Serbuk Sabut Kelapa (Cocopeat) 

sebagai Media Tanam. Scientific Repository. IPB. 

http://repository.ipb.ac.id/handle/123456789/66060, 2013. 

[9] Joner, E.J., I.M. Aarle, and M. Vosatka. Phosphatase activity of extraradical arbuscular 

mycorrhiza hyphae: a review. Plant Soil 226, pp. 199- 210, 2000. 

[10] Lakitan B. Hortilkultura : Teori, Budaya, dan Pasca Panen. PT. Raja Grafindo Persada. 

Jakarta, 1995. 

[11] Leveau, J.H.J. and S.E. Lindow. Utilization of the Plant Hormone Indole-3-Acetic Acid for 

Growth by Pseudomonas putida Strain 1290. Applied and Environmental Microbiology, 71 

(5), pp.  2365-2371, 2005. 

[12] Lingga, P. Hidroponik : Bercocok Tanam Tanpa Tanah. Edisi Revisi. Jakarta : Penebar 

Swadaya. pp.80, 2002. 

http://www.bps.go.id/
http://repository.ipb.ac.id/handle/123456789/66060


International Journal of Agriculture, Environment and Bioresearch 

Vol. 06, No. 04; 2021 

ISSN: 2456-8643 

www.ijaeb.org Page 66 

 

[13] Mandang, T. Manajemen Agribisnis Hidroponik. Modul Pelatihan Aplikasi Teknologi 

Hidroponik untuk Pengembangan Agribisnis Perkotaan.  Prosiding Kerjasama CREATA-IPB 

dan Depdiknas, 2002. 

[14] Marschner, H. Mineral nutrition in higher plants. Academic press Harcourt brace 

Jovanovich Publisher, 1986. 

[15] Marvel, M.E. Hydroponic culture of vegetable crops. University of Florida, Gainesville, 

Florida, 1974. 

[16] Pal, S.S. Interaction of an acid tolerant strain of phosphate solubilizing bacteria with a few 

acid tolerant crops. Plant Soil. 198 , pp.  169-177, 1998. 

[17] Parani, K. and B.K. Saha. Prospects of Using Phosphate Solubilizing Pseudomonas as Bio 

Fertilizer. European Journal of Biological Sciences 4 (2), pp. 40-44, 2012. 

[18] Patten, C.L. and B.R. Glick. Role of Pseudomonas putida indol acetic acid in development 

of the host plant root system. Appl. Environ. Microbiol. 68, pp. 3795-3801. 

[19] Paul, E.A. and F.E. Clark. 1989. Phosphorus transformation in soil. In Soil Microbiology 

and Biochemistry. Academic Press, Inc. Harcourt Brace Jovanovich, Publ.n New York, 2002. 

[20] Poerwowidodo, Tanah dalam Pembangunan Hutan tanaman di Indonesia. Rajawali Press, 

pp. 104-105, 1990. 

[21] Priyadi, R. Beberapa hasil penelitian aplikasi teknologi M-Bio dalam budidaya pertanian. 

Universitas Siliwangi, Tasikmalaya, 1998. 

[22] Setiawati, W., I. Sulastrini, O.S. Gunawan, and N. Gunaeni. Penerapan Teknologi PHT pada 

Tanaman Tomat. Bandung : Balai Penelitian Tanaman Sayuran. pp. 48, 2001.  

[23] Setiawati, M.R., P. Suryatmana, R. Hindersah, and B. Joy. Penggunaan Bakteri Pemfiksasi 

Nitrogen Azotobacter sp. pada Tanaman Kedelai, Jagung dan Kelapa Sawit. Penelitian 

Kerjasama Unpad – Pusri. Bandung : Fakultas Pertanian Universitas Padjadjaran, 2011.  

[24] Simanungkalit, R. D. M., D. A. Suriadikarta., R. Saraswati., D. Setyorini., and W. Hartatik.. 

Pupuk Organik dan Pupuk Hayati. Balai Besar Litbang Sumberdaya Lahan Pertanian. Balai 

Penelitian dan Pengembangan Pertanian. Bogor, 2006. 

[25] Sumbul, Aisha, Rizwan Ali Ansari, Rose Rizvi, Irshad Mahmood.  Azotobacter: A potential 

bio-fertilizer for soil and plant health Management Saudi Journal of Biological Sciences, 

27(12), pp.  3634–3640, 2020 

[26] Suhardiyanto, H. Teknologi Hidroponik. Modul Pelatihan Aplikasi Teknologi Hidroponik 

untuk Pengembangan Agribisnis Perkotaan. CREATA-IPB dan Depdiknas, 2002. 

[27] Suradal.  Pembuatan Arang Sekam sebagai Media Tanam. Balai Pengkajian Teknologi 

Pertanian Yogyakarta, 2014. http://yogya.litbang.pertanian.go.id.. 



International Journal of Agriculture, Environment and Bioresearch 

Vol. 06, No. 04; 2021 

ISSN: 2456-8643 

www.ijaeb.org Page 67 

 

[28] Susanto, S. Budidaya Tanaman Hidroponik. Modul Pelatihan Aplikasi Teknologi 

Hidroponik untuk Pengembangan  Agribisnis Perkotaan. Kerjasama CREATA-IPB dan 

Depdiknas, 2002. 

[29] Sutiyoso, Y. Hidroponik Rakit Apung. Penebar Swadaya. Jakarta, 2003 

[30] Trisnawati, Y. and A.I. Setiawan Tomat Budidaya secara Komersil. Jakarta : Penebar 

Swadaya,2005 

[31] Tsavkelova, E.A., T.A. Cherdyntseva, and A.I. Netrusov. Auxin Production by Bacteria 

Associated with Orchid Roots. [30]  Microbiology. 74 (1), pp.  46-53, 2005. 

[32] Wijayani, A. Budidaya paprika secara hiroponik: Pengaruhnya terhadap serapan nitrogen 

dalam buah. Agrivet. 4, pp 60-65, 2000.  

[33] Yuwono, N. W. Kesuburan Tanah. Gajah Mada University Press. Yogyakarta, 2004 

 


