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/ABSTRACT

~

Purpose : The use of phosphorhizobacteria and organic fertilizers can increase the P uptake and solubility
as well as promote the growth and yield of maize in acid soil. The objective of the study was to evaluate of P
fertilization efficiency by adding phosphorhizobacteria and organic fertilizers and to investigate its influence in
the growth and yield of maize.

Research Method : The experiment was conducted at the experimental field of Center for Horticulture Seed and
Plant Variety Development, West Java and Soil Biology Laboratory at the Department of Soil Science, Faculty of
Agriculture, Universitas Padjadjaran. The factors of the experiment were: phosphorhizobacteria and organic fertilizers

(control, phosphorhizobacteria 10V cfi/ mL, organic fertilizers 5 ton ha’, combinations of phosphorhizobacteria 107
cfu/ mL + organic fertilizers 5 ton ha-1) and the level of inorganic P fertilization (0, 200, 180, 160, and 140 kg P ha')

arranged as randomized block design factorial, consisting of 20 treatments and 3 replications.

Findings : The results showed that application of phosphorhizobacteria 107 cfu/ mL can increase P solubility
up to 21.13 ppm. The interactions between phosphorhizobacteria 107 cfu/mL and organic fertilizers 5 ton
ha' with 180 kg inorganic P ha' were capable to increase maize plant height by 183.07 cm which were
measured at 14 weeks after planting. Applications of organic fertilizers 5 ton ha' and dosage of inorganic
P fertilizers 160 kg ha' can escalate agronomic effectiveness up to 29.20%.

Limitations : Limited availability of historical data was a constraint during the study and that was avoided
using data for a base year.

Originality / Value : It is better to conduct a study on nitrogen and potassium rhizobacteria and organic
fertilizer in order to find out nitrogen and potassium fertilization efficiency for maize in acid soil because
these evidence are useful to the farmer, trader and planners.
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INTRODUCTION

More than 30% of the world’s total land area is
acid soil, and 50% of the potential arable lands
are acidic (Basak et al, 2016). Soil acidity
can inhibit crop growth and reduce crop yields
because of deficiencies of P, Mo, Ca, and Mg in
soils and aluminum (Al) and manganese (Mn)
toxicity to plants (Shi ez al., 2017) . In acid soils
such as Ultisols, available P are mainly fixed by

body of the plant. Moreover, P is used for cell
division, formation of seeds, and to strengthen
roots and stems of maize (Whitelaw, 2000). When
deficiency of P in maize cultivation occurs, the

I Department of Agrotechnology, Faculty of Agriculture, Bandung
Raya University, West Java, Indonesia

figriahhanum@unbar.ac.id

aluminum and iron-free oxides and hydroxides,
which limit P availability (Collavino et al., 2010).

The element P is essentially needed by maize in
order to store and transport energy to the whole
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growth and yield of maize will be inhibited. One
of the actions that can be carried out by farmers
to respond to this problem is the use of inorganic
P fertilizer on a large scale. However, inorganic
fertilizers as subsidized non-renewable resources
in Indonesia are currently decreasing while the
price is increasing. This situation encourages
farmers to look for other less complicated and
less expensive alternatives for their cultivation
techniques (Anwar et al., 2011).

On the other hand, the excessive use of inorganic
fertilizers gives a significant effect on land
degradation, environmental problems, and yield
losses (Simarmata et al, 2016). An abundance
of renewable natural resources, such as soil
microbes, can be used as biofertilizers, which have
the ability to mobilize, facilitate, and increase the
availability of nutrients from non-available forms
to available ones through biological processes
(Simarmata, 2013). The locally available organic
fertilizers such as composted chicken manure,
municipal waste compost, and coconut-shell
biochar can be used to remediate the soil health,
increase the efficiency of fertilizers, and crop
productivity as well (Simarmata et al., 2016).

Phosphate Solubilizing Bacteria is the primary
agent in phosphorhizobacteria biofertilizers
which is capable of solubilizing unavailable form
of P nutrient into available form to be absorbed by
plants (Saparatka, 2003). Phosphorhizobacteria
can improve the efficiency of P fertilization
by increasing P solubility in soil and P uptake
by plants. The ability of phosphorhizobacteria
varies greatly depending on the type of
microbes, adaptability, and the ability to
produce organic acids and phosphatase enzymes
(Whitelaw, 2000). In maize, the application of
phosphorhizobacteria can increase P solubility
in Ultisols and concentration P in maize plant as
well as growth and yield of maize (Fitriatin et
al., 2014). Furthermore, inorganic P fertilizers
dosage can be reduced up to 50% (Fitriatin et al.,
2015).

The use of organic fertilizers can also improve
growth characteristics and the yield of maize.

Organic fertilizers are soil enhancing materials
derived from organic materials that can improve
soil properties, either physical, chemical, or
biological. Organic fertilizers are intended to
increase soil fertility, as a source of nutrients,
a binding agent or cation-absorbing agent, and
a means of reducing soil acidity (Purba, 2015).
Composted chicken manure, municipal waste
compost, and coconut shell biochar are organic
fertilizers. Composted chicken manure has a high
nutrient content, namely nitrogen, phosphorus,
potassium, calcium, magnesium and sulfur.
Composted chicken manure can increase the
soil C/N ratio and have higher N and P contents
than other composted animal manure (Sihite et
al., 2016). Municipal waste compost applied
with inorganic fertilizers is also able to provide
the same results with 100% inorganic fertilizers
application (Lestari et al., 2010). The addition of
biochar to the soil increases the availability of K
and P, and the total N which ultimately increases
yields can reduce the risk of leaching especially
potassium and N-NH, (Graber et al., 2017).

Therefore,theapplicationofphosphorhizobacteria
and organic fertilizers is expected to increase
phosphate fertilization efficiency and maize
(Zea mays L.) productivity by improving P
uptake and solubility, growth characteristics
and yield due to biological activity contained in
phosphorhizobacteria, and organic materials in
organic fertilizers.

MATERIALS AND METHODS
Site description and experimental design

The study was carried out in the experimental
field of the Center for Horticulture Seed and Plant
Variety Development, West Java, Indonesia from
October 2017 until March 2018. The soil was an
Ultisol, and soil texture was silty clay. The soil
was categorized as acid soil since soil pH was
5.55. The results of soil physical and chemical
analysis are presented in Table 01.
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Table 01: Soil physical and chemical properties
K CEC
C-org Fe Mn Sand . Clay
H C/N N (%) P(ppm) (mg.100 cmol. Silt (%
PR ) 00 Plopm) (e 100 oy pmy PO oy SOy
g g
555 1.58 12 0.13 1924 26.09 6.39 2.68 13.88 6 47 47

The experimental design used in this study
was randomized block design factorial that
consisted of two factors with three replications.
The first factor was an application of
phosphorhizobacteria and organic fertilizers,
i.e. without phosphorhizobacteria 107 cfu/ mL
and/or organic fertilizers 5 ton ha' (control),
phosphorhizobacteria 107 cfu/ mL, organic
fertilizers 5 ton ha'!, and combinations of
phosphorhizobacteria 107 cfu/ mL + organic
fertilizers 5 ton ha'. The second factor was the
level of inorganic P fertilization that consisted of
five levels ie. 0, 200, 180, 160, and 140 kg P ha'.

Soil tillage was carried out before planting as
deep as 15-20 cm. The size of the experimental
plot was 1.6-2,.1 m with a spacing of 25 x 75
cm. Seeds used were BISI 2 hybrid planted in
planting holes made using torches with a depth

of about 5 cm. Phosphorhizobacteria and organic
fertilizers were used as a planting hole cover.
Inorganic N, P, and K fertilizers were applied
in the form of urea, superphosphate-36 (SP-
36) and potassium chloride (KCl), respectively.
Fertilization of urea and KCI was given as much
as 350 kg and 100 kg ha! while SP-36 was given
according to treatment. Urea was given in three
stages, namely at the the beginning of planting
as well as 4 and 5 weeks after planting (WAP).
While KCI was given in two stages, namely,
at the beginning of planting and 5 WAP, SP-36
is given entirely at the beginning of planting.
Inorganic fertilizers are placed in a hole about 5
cm from the seed hole.

Phosphorhizobacteria and organic fertilizers
preparation

The bacterial strains used as phosphorizobacteria
were obtained from previous screening activities
from several districts in West Java. Isolation,
characterization, and selection were carried out

in Soil Biology Laboratory at the Department of
Soil Science, Faculty of Agriculture, Universitas
Padjadjaran. Isolates used as consortium
consisted of Enterobacter ludwigii, Bulkholderia
vietnamiensis, and Citrobacter amalonaticus.
Inoculants were propagated in liquid Pikovskaya
medium up to a density of 10" cfu ml" then
mixed with the carrier consisting of 50% peat +
20% chicken manure compost + 20% coconut
shell biochar + 10% additive at a ratio of 1 : 3
(inoculants : carrier). A mixture of inoculants and
carriers, known as solid phosphorhizobacteria
fertilizers are then wrapped in aluminum foil.
Organic fertilizers are used in the form of a
mixture of chicken manure compost, municipal
waste compost, and coconut shell biochar at a
ratio of 25% : 25% : 50%.

P Uptake and Solubility Determination

P uptake analysis used the wet destruction method
(Indonesian Soil Research Center, 2009). Plant
samples were air-dried, and then placed in an
oven at 75°C for 48 hours. Then, the sample was
removed and ground until smooth with a blender.
The amount of 0.25 grams of a mashed sample
was put into a 25 ml Kjeldahl flask, adding 5 ml
of HNO,. 0.5 ml of HCIO, into the flask, and then
it was shaken gently so that all samples were
moistened, then left overnight. A flask was heated
in a smoke chamber with low heat, then slowly
fired to a temperature of 350°C. Destruction was
complete when white steam came out and a clear
extract (about 4 hours) was obtained. The amount
of 50 ml of distilled water was added and shaken
briefly and then transferred to the distillation
flask. As a comparison, we made a blank sample
without using plant samples. The amount of 1 ml
of extract and standard row were pipetted into
the test tube and 9 ml of La 0.25% solution was
added and shaken until homogeneous. P uptake
was measured by a spectrophotometer.
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The P solubility analysis used the Bray method
(Indonesian Soil Research Center, 2009). The
amount of 25 grams of soil sample and 25 ml
Bray extractor was added into test tube and
shaken for 5 minutes. After that, 2 ml clear
extract was pipetted into another test tube. Each
sample and standard series were added with a 10
ml phosphate dye reagent then shaken and left for
30 minutes. The absorbance was measured with
a spectrophotometer at a wavelength of 693 nm.

Growth Characteristics and The Yield of Maize
Determination

Growth characteristics were represented in
plant height. Sample plants were measured at
the harvesting period (14 weeks after planting)
from the base of the stem to the tip of the leaf
or shoot. The yield of maize was represented in
relative agronomic effectiveness (RAE) value.
The RAE of each treatment was calculated using
the equation (Barreto et al., 2018):

RAE (%) =[(P,— P, /P ]x 100
Where;

P = dry shell weight in treatments with added
inorganic P fertilizers (kg ha™)

P,=dry shell weight without addition of inorganic
P fertilizers (control)

P = amount of inorganic P fertilizers given in
each treatment (kg ha').

Statistical Analysis

All data were statistically analyzed using one-
way analysis of variance (ANOVA) and the
difference between treatments was tested by
Duncan’s multiple range test at p < 0.05. All the
statistical tests were performed using the SPSS
16.0 software.

RESULTS AND DISCUSSION
P Uptake and Solubility

The effect of phosphorhizobacteria and organic
fertilizers in several doses of inorganic P fertilizers
on P uptake and solubility was summerized in
Table 02. Based on the analysis of variance,
it can be seen that there was no interaction
between phosphorhizobacteria and organic
fertilizers treatment factors with several doses of
inorganic P fertilizers in P uptake by plants and
soil P solubility during the experiment. Yet, the
independent effect was seen in the inoculation of
phosphorhizobacteria 107 cfu/ mL, which has had
the highest P solubility significantly compared to
combinations of phosphorhizobacteria + organic
fertilizers treatment, but it was not significantly
different from control and organic fertilizers
5 ton ha'! treatment. This is presumably due to
optimum phosphorhizobacteria performance in
dissolving P or providing available P for plants.

Table 02: P Uptake and Solubility due to Phosphorhizobacteria and Organic Fertilizers
Treatments P uptake (g/ P Solubility
plant) (ppm)
Phosphorhizobacteria and Organic Fertlizers (B)
b, = Without phosphorhizobacteria and organic fertilizers (control) 3.50 19.20°
b, = Phosphorhizobacteria 107 cfu/ mL 3.01 21.13°
b, = Organic fertilizers 5 ton ha’! 3.42 18.71°
b, = Phosphorhizobacteria 107 cfu/ mL + organic fertilizers 5 ton ha 3.44 14.54*
Dosage of inorganic P fertilizers (P)
p, = 0 kg P ha'! 3.57 17.24
p, =200 kg P ha' 3.19 18.92
p, = 180 kg P ha'! 3.29 20.17
p, = 160 kg P ha’! 3.45 16.57
p,= 140 kg P ha'! 3.21 19.07

Treatments with superscripted alphabet showed the significant value (P<0.05).
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According to various research results, adding
organic material into fertilizers can retain and
supply nutrient availability in the soil and
increase phosphate absorption by plants (Carter
et al, 2013). The mechanism of phosphate
solubilization by organic matter can be through
a process of decomposition which produces
organic acids to dismiss C, Al, and Ca cations in
absorbing organic P (fitine and nucleic) (Afrida
etal.,2014) , and as a provider of carbon sources
to phosphate solubilizing bacteria to dissolve
mineralized bound P (Richardson, 2001).

Growth characteristics

The effect of phosphorhizobacteria and organic
fertilizers in plant height showed a higher value
at 180 kg ha'! P fertilizers compared to doses of
160 and 140 kg ha'' but not significantly different
from fertilizers doses of 200 and 0 kg ha'.
The results indicated that the growth of maize
reflected by plant height data was optimal on the
use of combination of phosphorhizobacteria +
organic fertilizers at 180 kg ha' which has been
processed by Duncan’s multiple range test at 5%
real level.

Organic matter is a source of energy for soil
macro- and microorganisms. The addition
of organic matter in the soil will increase
microbiological activity and  population,
especially those related to the decomposition
and mineralization of organic matter (Stevenson,
1986). The provision of organic material is very

Table 03:

important in improving the physical, chemical
and biological properties of the soil so that plants
that grow on it can develop properly (Sanchez,
1992).

Agronomic Effectiveness

Agronomic effectiveness was carried out to
see the effect of phosphorhizobacteria and
organic fertilizers in several doses of inorganic
P fertilization on the yield of maize. Based
on the results of data analysis it was pointed
out that the use of phosphorhizobacteria and
organic fertilizers can improve the agronomic
effectiveness of maize compared to control
maximum up to 29.20%. Observations on the
components of maize yield were carried out
using dry shell weight, as an illustration of the
process of seed filling during the generative
phase. The process of seeds cannot be separated
from the role of nutrients absorbed by plants.
The addition of phosphorus greatly influences
the formation of cobs (Tarigan et al, 2007).
Phosphorus can enlarge the formation of fruit. In
addition, the availability of phosphorus as a form
of ATP will ensure the availability of energy for
growth characteristics so that the formation of
assimilates and transportation to storage can run
well. The availability of sufficient nutrients at
the time of plant growth and development causes
plant metabolic activity to be more active so that
the process of cell elongation and differentiation
will be better which can ultimately encourage an
increase in yield components (Sarief, 1989).

Plant Height at 14 WAP due to Phosphorhizobacteria and Organic Fertilizers

Plant Height (cm)

Dosage of inorganic P Fertilizers

Phosphorhizobacteria and Organic fertilizers

0 kg ha'! 200 kgha' 180 kgha! 160kgha! 140 kg ha'

Without phosphorhizobacteria and organic 159.50 a 170.47 a 168.60 a 153.70 a 160.04 a

fertilizers (control) A A A A A
. . 159.93 a 168.53 a 168.99 a 162.23 a 161.97 a

7

Phosphorhizobacteria 107 cfu/ mL A A A A A

. o 167.42 a 164.47 a 171.83 a 170.47 a 168.53 a
-1

Organic fertilizers 5 ton ha A A A A A
Phosphorhizobacteria 107 cfu/ mL + organic 166.40 a 174.80 a 183.07 a 158.77 a 153.40 a

fertilizers 5 ton ha’! ABC BC C AB A

Figures followed by the same notation are not significantly different based on Duncan Multiple Range Test at 5% real level. Small

letters are read vertically, uppercase letters are read horizontally.
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Relative Agronomic Effectiveness of phosphorhizobacteria and organic fertilizers in maize

cultivation with several doses of inorganic P fertilizers. Without phosphorhizobacteria
and organic fertilizers (b0), Phosphorhizobacteria 107 cfu/ mL (b1), Organic fertilizers
5 ton ha-1 (b2), Phosphorhizobacteria 107 cfu/ mL + organic fertilizers 5 ton ha-1 (b3),
inorganic P Fertilizers 0 kg ha-1 (p0), 200 kg ha-1 (p1), 180 kg ha-1 (p2), 160 kg ha-1 (p3),

140 kg ha-1 (p4).
CONCLUSIONS

Applications of phosphorhizobacteria 10 cfu/
mL can increase P solubility up to 21.13 ppm.
Interactions between phosphorhizobacteria 10’
cfu/ mL and organic fertilizers 5 ton ha' capable
to support growth characteristics up to 183.07 cm
and were optimum to reduce the use of inorganic
P fertilizers from 200 kg ha' to 180 kg ha'. The
use of organic fertilizers 5 ton ha'! and dosage
of inorganic P fertilizers 160 kg ha™' can escalate
agronomic effectiveness up to 29.20%.
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