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ABSTRAK

Inokulasi mikroba menguntungkan merupakan salah satu cara untuk meningkatkan populasi rhizobakteri yang
berperan dalam siklus hara dan menurunkan dosis pupuk kimia. Percobaan pot telah dilakukan untuk mengevaluasi
pengaruh pupuk hayati konsorsium yang dikombinasikan dengan berbagai dosis pupuk majemuk NPK terhadap
populasi Azotobacter sp. dan pelarut fosfat Pseudomonas sp. di rizosfer dan hasil caisim (Brassica juncea L.).
Percobaan disusun dalam Rancangan Acak Lengkap yang terdiri dari sepuluh kombinasi berbagai dosis pupuk
hayati dan pupuk anorganik; dan tiga ulangan. Hasil percobaan menunjukkan bahwa inokulasi pupuk hayati dengan
maupun tanpa pupuk kimia tidak meningkatkan populasi Azotobacter dan Pseudomonas tetapi berpengaruh terhadap
bobot segar tajuk. Tanaman yang diberi ¾ dosis NPK dikombinasikan dengan ½ atau ¾ dosis pupuk hayati; dan
kombinasi pupuk NPK dan pupuk hayati dengan dosis anjuran menghasilkan bobot tajuk lebih tinggi daripada
kontrol dan perlakuan lainnya. Percobaan ini menunjukkan bahwa pupuk hayati konsorsia bakteri pemfiksasi
nitrogen dan pelarut fosfat dapat menurunkan dosis pupuk NPK sampai 75%.

Kata Kunci: bakteri pelarut fosfat, bakteri pemfiksasi Nitrogen, bobot tajuk, pupuk hayati konsorsia

Azotobacter and Pseudomonas Population in Rhizosphere and Yield of Choy
Sum following Chemical Fertilizer and Biofertilizer application

ABSTRACT

.Inoculation of beneficial microbes is a way to improve the population of rhizobacteria that has a role in nutrient
cycle and hence reduce the level of chemical fertilizer. A pot experiment was performed to evaluate the effect of
and consortia biofertilizer combined with various dose of NPK compound fertilizer on the population of nitrogen-
fixing Azotobacter sp. and phosphate solubilizing Pseudomonas sp. in rhizosphere and yield of choy sum (Brassica
juncea L.). The experimental was setup in completely randomized block design consisted of ten combinations of
various biofertilizer and inorganic fertilizer dose; and three replications. The results showed that Biofertilizer
inoculation with or without chemical fertilizer did not improve the population of Azotobacter and Pseudomonas in
the rhizosphere but increase the shoot weight of choy sum. Higher shoot weight was showed by crops with ¾ dose
of NPK combined with recommended or reduced dose of fertilizer; and recommended dose of NPK and biofertilizer.
This experiment verified that the used of consortia biofertilizer composed of Nitrogen-fixing bacteria and
phosphate-solubilizing microbes reduced 50-75% dose of NPK.

Keywords : liquid consortia biofertilizer, nitrogen-fixing bacteria, phosphate solubilizing bacteria, Shoot weight

INTRODUCTION

Inorganic fertilizers play a role in
increasing the availability of nitrogen (N) and
phosphorus (P) in tropical soils which are
generally low in N and P. Currently NPK
compound fertilizers are used intensively by
farmers because they supply nutrients quickly,

and are easy to handling and apply. However,
inorganic fertilizers are non-renewable and
require a lot of energy in their production
process. Reducing the dosage of inorganic
fertilizers with biofertilizers has been
suggested for replicable and sustainable
agriculture. Microbes in biofertilizer formulas
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are generally N-fixing and phosphate-
solubilizing bacteria (NFB). The N fixation is
an enzymatic process by which atmospheric
N2 is converted through nitrogenase into
available N (ammonium and nitrate) for
plants uptake [1]. Many soil phosphate
solubilizing microbes (PSM) is proposed to
resolve the P deficiency soil [2]; since they are
capable of convert insoluble P into soluble P
through the production of organic acids [3].

The N-fixing microbes that have been
extensively studied and used in biofertilizer
formulas are the non-symbiotic NFB
Azotobacter and Azospirillum. The fixation
capacity of both non-symbiotic bacteria is
approximately 25 - 73.8 kg/ha/year and
24.63-134.29 nmol C2H4 g/h are reported [4,5].
which has the potential to reduce the use of
nitrogen fertilizers. The N fixation process
takes place at steady state, so it does not
require energy to increase temperature and
pressure as in the urea fertilizer industry. The
ability of PSM to provide phosphate ions by
excreting organic acid is an enzymatic way
for reducing the dose of phosphate fertilizers.
Moreover, increasing available P in soil could
reduce the dose of P fertilizer. The
Pseudomonas and Bacillus are among
important PSB in soil [3,6,7].

Both NFB an PSM are microbes in the
rhizosphere that also synthesize
phytohormones and exopolysaccharides.
Phytohormones play an important role in
regulating cell formation and division, such as
auxin, cytokinin and gibberellin are growth
hormones produced by certain plant growth
promoter bacteria and fungi [8, 9]. Azotobacter
bacteria produce phytohormones indole
acetic acid and (auxin) zeatin (cytokinins)
during in vitro culture [10]. Production of
phytohormones auxin by Pseudomonas
bacteria has also been confirmed [11].
Exopolysaccharides are produced by
rhizobacteria such as Rhizobium, Azotobacter
and Pseudomonas which play an important
role in plant production in harsh environment
[12]. The EPS production by Acinetobacter
and Penicillium have also been reported [13,14].

In sustainable agriculture, reducing
the chemical fertilizer and balance
composition of fertilizer is needed in order to
maintain soil health and plant productivity [15].
Moreover, organic matter amendment is
oblige to increase the level soil organic-C and
to support microbial growth. In general,
biofertilizer composed of heterotrophic
microbes that depend on organic-C for their
metabolis [16]. Organic matter is also
prominent in leafy vegetable production; it
increases the soil porosity to support hairy
roots of vegetable [17].

Almost in all region of Indonesia, leafy
vegetable choy sum (Brassica juncea L) is
consumed in huge quantity. Therefore, used
of biofertilizers are important to decrease the
use of inorganic fertilizer in choy sum
cultivation. The objective of pot experiment
was to observe the role of some dose of
consortia biofertilizer combined with various
dose of NPK fertilizer to improve the
population of nitrogen-fixing Azotobacter sp.
and phosphate solubilizing Pseudomonas sp.
in rhizosphere; as well as yield of choy sum.

MATERIALS AND METHODS

The experiment has been conducted in
the greenhouse belong to Faculty of
Agriculture Universitas Padjadjaran in
Jatinangor Campus with the altitude of 726 m
above sea level. 19-days old choy sum
seedlings were grown in 2 kg of potted soil
mixed with cow manure equal to 20 kg/ha.
The soil was clay Inceptisols (10.26% sand,
26.85% silt and 50.89% clay) collected from
natural environment nearest the greenhouse.
The soil was neutral (pH 6.8) with 0.75%
organik-C, 0.1% total-N, C/N 7.08, 2.27
mg/100 g potential-P2O5, 5.56 mg/kg available
P2O5, and 9.41 mg/100g potential K2O.

The bacterial count was carried out in
the Laboratory of Soil Biology, Faculty of
Agriculture. The soil and manure chemical
characteristics were analyzed before
experiment with the proximate analysis
according to Official Methods of Analysis of
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the Association of Analytical Communities
[16]. The chemical properties of soil and
manure determined the fertilizer and
biofertilizer treatments in this experiment.
Experimental design

The pot experiment was setup in
randomized block design with 10

combination treatments of various dose of
NPK and biofertilizer (BF) (Table 1). The
treatments were determined based on soil
chemical characteristics; which is infertile
soil low in N, P and K. The amount of each
fertilizer added to individual pot were
calculated based on planting distance in field;
20 cm x 20 cm.

Tabel 1. Amount of liquid biofertilizer and compound NPK added to potted soil of each
treatment

Code Fertilizer treatments
Amount of fertilizer per potted soil

NPK (g) BF3 (mL)
A Control (without fertilizer) 0 0
B 1 dose of NPK1 1.5 0
C 1 dose of biofertilizer (BF)2 0 2.5
D ¼ dose of NPK + 1 dose of BF 0.375 2.5
E ½ dose of NPK + 1 dose of BF 0.75 2.5
F ¾ dose of NPK + 1 dose of BF 1.125 2.5
G 1 dose of NPK + 1 dose of BF 1.5 2.5
H ¾ dose of NPK + ¾ dose of BF 1.125 1.875
I ¾ dose of NPK + ½ dose of BF 1.125 1.25
J ¾ dose of NPK + ¼ dose of BF 1.125 0.625

Note: 1Recommended dose of 300 kg ha-1; 2Recommended dose of 5L/ha.

Liquid biofertilizer composed of N-fixing
bacteria Azotobacter, Azospirillum and
Acinetobacter; and phosphate-solubilizing
microbes Pseudomonas and Penicillium
provided by Laboratory of Soil Biology.

Experimental Establishment
Soil was collected with composite

method from the field at a depth of 0-20 cm
as much as 7 kg, cleaned from plant residues
and debrie, air-dried, and pounded and
filtered through a 2-mm sieve. A total of 500
g of soil were put in sealed plastic bag and
put at room temperature prior to chemical
analysis. Potted soils were prepared by adding

2 kg of soil into 25 cm x 25 cm polybag; then
enriched with 60 g of cow manure.

The seedlings of choy sum seed cultivar
Shinta were prepared in seedling tray
contained of mixed of soil and manure (1:1;
v:v) for 19 days. Single seedlings were grown
in potted soil with water content of field
capacity; all plants were stored in the
greenhouse for 25 days. The NPK fertilizer
was added twice at 5 and 15 days after
planting with split doses; meanwhile the
biofertilizer was diluted in water by 1% and
pour into the soil surface around the stem at
day 7 and day 17 with half dose each.
Parameters and Statistical Analysis

At 25 days after planting, fresh weight
of shoot, plant height and soil pH were
measured. At the same time, the rhizosphere
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soil was collected and put in sealed plastic
bag and stored at 40C before bacterial
counting by using serial dilution plate method
[18]. The agar media for Azotobacter and
Pseudomonas counting was N-free Ashby’s
mannitol and Pikovskaya respectively. The
presence of Azotobacter in plat agar were
determined by white, transparent, round and
raised colony. The characteristics of
Phosphate solubilizing Pseudomonas in
Pikovskaya was the halo zone around the
white-opaque-raised colony. All data were
subjected to analysis of variance with p ≤
0.05 followed with Tukey test (p ≤ 0.05) if
the sum square of treatments were
significantly affected the parameter

RESULTS AND DISCUSSION

Soil and Manure Chemical Properties

The soil reaction is neutral (6.84) but the
soil has very low organic-C (0.75%) and total-N
(0.10%) resulted in low C to N ratio (7.08).
Furthermore, the content of potential phosphor (P)
and potassium (K) in soil were very low (2.27 and
9.41 mg/100 g respectively) and the available P
was low (5.46 mg/kg). The cation exchange
capacity (22.52 mg/100g) and base saturation
(66%) of soil were medium. In overall, the soil
was infertile with low organic matter and major
essential nutrient N, P and K.

Based on the soil and manure properties,
the better NPK for this experiment were that
with high content of N since the N soil was
low. The low content of organic-C in soil can
be compensated by adding organic matter
with proper C/N to avoid high release of N
from manure. In order to fit the need of
nutrient and plant root growth, the NPK
16:11:11 was used at 300 kg/ha as
recommended for leavy vegetable. The dose
of manure amended before transplanting was
15 kg/ha (60 g per pot). The manure had pH

7.04, water content of 28.53%, organic-C
18.66%, total-N 1.40% and C/N 13.3.

Population of Azotobacter and
Pseudomonas

Analysis of variance found that the
population of both bacteria have not affected
by any fertilizer treatments. Even in soil
without any fertilizer, the Azotobacter and
Pseudomonas population was similar with
treated soil. However, irrespective of Tukey
test, Azotobacter population of ¼ dose of
NPK + 1 dose of BF and ¾ dose of NPK + 1
dose of BF were increased by 78.2% and 54%
compared to control; meanwhile, the high
Pseudomonas population was recorded in the
rhizosphere of choy sum grown in soil with ¾
dose of NPK + 1 dose of BF; which is 31.6%
higher than control (Table 2). Recommended
dose of biofertilizer was possibly optmum for
Pseudomonas growth, moreover the P content
in ¾ dose of NPK fertilizer was not too high
to repress the growth of P-solubilizing
Pseudomonas.

Plant Growth and Yield
The pest that attacked the leaves was the

caterpillar Plutella xylostella (Figure 1) that
were found on the underside of the leaves and
began to attack the plants 6 days after
planting. Leaf vegetables from the Brassiceae
family are susceptible to P. xylostella attack
since they are the host plants of this
caterpillar [19]. Despite P xylostella attack, the
plants were normally growing; at the end of
experiment the control plants had lower
height compared to plant received fertilizer
(Figure 2). This experiment found that the
fresh weight of shoot (edible part) as well as
plant height was influenced by combination
of NPK and biofertilizer (Table 3).
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Tabel 2. Effect of NPK fertilizer application combined with biofertilizer concortia on shoot fresh
weight and height at 25 days after transplanting

Fertilizer treatments Azotobacter population
(104 CFU/g)

Pseudomonas population
(106 CFU/g)

A = Control (without fertilizer) 9.2 a 15.8 a
B = 1 dose of NPK 8.6 a 14.9 a
C = 1 dose of biofertilizer (BF) 9.8 a 8.3 a
D = ¼ dose of NPK + 1 dose of BF 16.4 a 16.7 a
E = ½ dose of NPK + 1 dose of BF 11.1 a 14.2 a
F = ¾ dose of NPK + 1 dose of BF 14.2 a 20.8 a
G = 1 dose of NPK + 1 dose of BF 8,9 a 6.7 a
H = ¾ dose of NPK + ¾ dose of BF 9.8 a 11.7 a
I = ¾ dose of NPK + ½ dose of BF 11.4 a 10.8 a
J = ¾ dose of NPK + ¼ dose of BF 8.4 a 10.1 a
Note: Values followed by the same letters were not significantly difference based on Tukey test
at p ≤ 0.05.

Figure 1. Plutella xylostella (a, red cycle) attack on choy sum caused perforated leaves (b)

Figure 2. Performance of plant treated with 1 dose of NPK + 1 dose of BF (G1) dan ¾ dose of
NPK + 1 dose of BF (F1) compared to control (A1)

The shoot fresh weight of choy sum
with biofertilizer only was not different with
control. Plant treated with various NPK and
various combination of NPK and biofertilizer
increased up to 188%; which is depend on

both fertilizers dose. Significant plant height
increment was showed by plant treated with
NPK (21.5%) and 1 dose of NPK + 1 dose of
BF (28.8%).

http://dx.doi.org/10.30598/ajibt.v11i2
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Table 3. Effect of NPK fertilizer application combined with biofertilizer consortia on shoot fresh
weight and height at 25 days after transplanting

Fertilizers Treatments Fresh weight (g) Plant height (cm)
A = Control (without fertilizer) 30.67 a 30.2 a
B = 1 dose of NPK 79.67 bc 36.7 b
C = 1 dose of biofertilizer (BF) 31.00 a 30.2 a
D = ¼ dose of NPK + 1 dose of BF 53.67 b 34.8 a
E = ½ dose of NPK + 1 dose of BF 72.33 ab 35.1 ab
F = ¾ dose of NPK + 1 dose of BF 87.33 c 34.4 a
G = 1 dose of NPK + 1 dose of BF 88.33 c 38.9 b
H = ¾ dose of NPK + ¾ dose of BF 85.00 c 34.7 a
I = ¾ dose of NPK + ½ dose of BF 89.67 c 35.5 ab
J = ¾ dose of NPK + ¼ dose of BF 80.33 bc 35.9 ab

Note: Values followed by the same letters were not significantly difference based on Tukey test
at p ≤ 0.05.

The bacterial population increments in
certain fertilizer treatments showed that NPK
fertilizer as well as biofertilizer has a role in
bacterial proliferation. Application of NPK
not only benefit for plant but also provide
major essential nutrient for bacteria. In
bacterial metabolisms, N and P are essential
for enzymes synthesis and ATP production
respectively [20]. Biofertilizer inoculation in
this study is promising to increase both
bacterial population, this finding agree with
the increase on population of the Bacillus,
Burkholderia, Rhizobium, Streptomyces, as
well as Mycobacterium after biofertilizer
application [21]. Shoot weight increment after
NPK application in biofertilizer inoculation
was induced by the nutrient sufficiency that
support plant metabolism and hence growth.
Inorganic fertilizer effect on nutrient uptake
and accumulation as well as plant growth
have been clear [22]. Meanwhile the role of
biofertilizer used in this experiment to
enhance shoot height and weight was caused
by the ability of microbes in nitrogen fixing
and phosphate solubilizing [1,2]. Moreover, the
microbes in biofertilizer enable to produce
phytohormones as described by certain
research [8,9]. The current study explained the
role of biofertilizer to improve plant growth
when inorganic fertilizer was applied in the

same time. Therefore, part of available N and
P released from NPK fertilizer can be
substituted by enzymatic activities of the N-
fixing bacteria and P-solubilizing microbes in
biofertilizer.

CONCLUSION

Liquid consortia biofertilizer composed
of N-fixing bacteria and P-solubilizing
microbes with or without NPK compound
fertilizer did not improve the population of
both bacteria compare to the control.
However, recommended dose of biofertilizer
combined with ¼ dose of NPK and ¾ dose of
NPK has a potency to increase Azotobacter
and Pseudomonas count respectively. Plants
treated with recommended dose of NPK
combined with recommended dose of
biofertilizer has the same shoot height with
plants received only 1 dose of NPK fertilizer.
Higher yield demonstrated by plants treated
with half and ¾ dose of NPK combined with
recommended or reduced dose of biofertilizer;
and plants with recommended dose of NPK
and biofertilizer. The current study verified
that inoculation of consortia biofertilizer to
potted choy sum decreased the use of NPK up
to 50%.
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