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ABSTRACT

The efficiency of phosphorus uptake by plants in an Ultisol soil is very low because most of the soil phosphorus
is precipitated by Al and Fe. Oil palm empty fruit bunches can be used as basic materials of biochar and compost,
and as sources of isolates of phosphate solubilizing fungi. This study was aimed at elucidating the effect of appli-
cation of phosphate-solubilizing fungi with biochar and the compost produced from oil palm empty fruit bunches
on the growth and yield of maize an Ultisol of Central Kalimantan. This study consisted of two experiments. The
first experiment was inoculation of four isolates of phosphate solubilizing fungi isolated from of oil palm empty
fruit bunches, i.e. Acremonium (TB1), Aspergillus (TM7), Hymenella (TM1) and Neosartorya (TM8) to ‘biocom’
media (mixture of biochar and compost generated from oil palm empty fruit bunches) to obtain phosphate-solu-
bilizing fungi that can adapt to the media. In the second experiment, the best results in the first experiment were
applied to an Ultisol soil planted with maize. The results showed that the isolates that were best adapted to biocom
media were Aspergillus-TB7 with 60:40 proportion (60% biochar + 40% compost) and Neosartorya-TM8 with
70:30 proportions (60% biochar + 40% compost). The use of the first experiment results in the second experiment
showed that the application of biocom plus Neosartorya-TM8 (BTM) on an Ultisol soil significantly improved the
growth and yield of maize, as well as its the phosphorus uptake and uptake efficiency .
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INTRODUCTION

The area of Ultisols in Indonesia reaches 45.8
million ha or 25% of the land area of Indonesia
(Subagyo et al., 2004). In general, the available
P content in Ultisols is low due to P fixation by
Al and Fe (Osorio, 2014). The availability of P in
Ultisol can be easily increased by the application
of inorganic P fertilizer. However, only a small
proportion of the added P is eventually taken up
by the plant and the remainder (almost 75-90%)
is precipitated by Fe, Al, and Ca complexes in the
soil (Gyaneshwar et al., 2002). The low efficien-

cy of P-use of cultivated crops on farms does not
only result in larger P fertilizer applications, but
also causes environmental problems, such as wa-
ter eutrophication (Chang and Yang, 2009; Kang
et al., 2011).The low content of soil organic mat-
ter in Ultisols (Prasetyo and Suriadikarta, 2006)
also causes low soil buffering capacity that results
in low fertilizer efficiency. Isgitani et al. (2005)
reported that only 5-20% of the applied inorganic
P fertilizer of 150-200 kg P ha' was taken up
by the plants.

One source of organic material commonly
used by local farmers to increase the availability
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of P in Ultisols in Central Kalimantan includes
bunches of empty oil palm fruit (Ariani, 2009).
This is because the area of oil palm plantation in
Central Kalimantan is about 1.09 million ha (Cen-
tral Bureau of Statistics, 2015). In addition to be-
ing a source of organic material, oil palm empty
fruit bunches are also habitat for microorganisms,
including the P-solubilizing fungi, bacteria, and
actinomycetes (Sundara et al., 2002) that are able
to convert the unavailable P to H PO,” and HPO >
that are available for crops (Coutinho et al., 2012).
The phosphate-solubilizing microorganisms that
are capable of converting the unavailable P into
available forms for plants can also serve as bio-
logical fertilizers to increase the available P con-
tent (Narsian and Patel, 2000; Delvasto, 2006;
Khan et al., 2007; Zhu et al., 2012). Many stud-
ies have shown that the growth and uptake of P
by plants can be enhanced by the inoculation of
phosphate-solubilizing fungi, either through pot
experiments (Mittal et al., 2008), or field experi-
ments (Duponnois et al., 2005).

In an earlier study, Ichriani et al. (2017) ob-
tained 4 isolates of phosphate-solubilizing fungi
from the compost of oil palm empty fruit bunches
that were identified as Acremonium kiliens, As-
pergillus oryza, Hymenella Fr., and Neosartorya
fischeri. The application of the four phosphate-sol-
ubilizing fungi isolates on liquid Pikovskaya me-
dium containing tricalcium phosphate (Ca,(PO,),
could increase the available P by 451%, 400%,
216% and 114%, respectively, on day 5 (Ichriani
et al., 2017 ) The phosphate-solubilizing fungi
produce organic acid compounds which can dis-
solve the P compound fixed by the metal com-
pound by forming a complex metal compound
(Sharma et al., 2013; Fitriatin et al., 2014).

The application of phosphate-solubilizing
fungi on the soil requires a carrier medium as a
substrate for the life of the fungi. Suitable bio-
logical fertilizer carriers must meet the following
criteria: (1) they must be available in powder or
granule form; (2) should be able to support the
growth and survival of microorganisms, and eas-
ily release functional microorganisms into the
soil; (3) must have strong moisture absorption ca-
pability, good aeration characteristics, and excel-
lent pH buffering capacity; (4) must be non-toxic
and environmentally friendly; (5) should be easily
sterilized, manufactured and handled in the field,
and have good storage quality; and (6) should be
cheap (Stephens and Rask, 2000; Rebah et al.,
2002; Rivera-Cruz et al., 2008). Since fungi are
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commonly found in the areas containing organic
substrates, oil palm empty fruit bunches may be
used as carrier medium for phosphate-solubiliz-
ing fungi. However, the addition of fresh organic
matter to the soil can increase carbon emissions
into the atmosphere due to the decomposition of
organic matter (Widowati et al., 2011). One alter-
native to reducing the carbon emissions due to de-
composition of organic materials and at the same
time maintaining soil fertility is with biochar
(Crombie et al., 2015). Biochar is the result of
biomass heating in pyrolysis installations at tem-
perature of > 700°C under low oxygen conditions
(Cheng et al., 2007). The physical and chemical
properties of biochar depend on raw materials and
pyrolysis conditions (Han et al. 2013, Mukome et
al. 2013). The aromatic structure of biochar con-
tributes to the long existence of biochar in the soil
(Baldock and Smernik, 2002), which makes bio-
char a material for carbon sequestration, maintain
nutrient elements (Mao et al., 2012), and suitable
for use as soil amendments (Novak et al., 2009;
Spokas et al., 2011). According to Simansky and
Klimaj (2017), biochar is a soil amendment that
can increase the soil pH, and the greatest effect
on soil pH is after application of 10 t ha' with a
combination of 40 kg of nitrogen ha' (Simansky
and Klimaj, 2017). In addition to the potential
physical and chemical impacts of biochar on
soil productivity, biochar also benefits soil biol-
ogy, such as selection for plant growth promoting
bacteria or fungi (Graber et al., 2010). One of the
mechanisms that cause biochar to have a positive
impact on soil function is because biochar serves
as a protection for fungal hyphae due to its porous
nature (Warnock et al., 2007).

Several research results indicate that biochar
is used as a solid carrier medium for inoculums of
Azospirilum sp. (Kuppusamy et al., 2011), Enfo-
robacter cloacae (Hale et al., 2014), and arbuscu-
lar mycorrhizae (Nurbaity et al., 2009). The use
of biochar from oil palm empty fruit bunches for
microbial carrier media for Bulkhorideria nodosa
G.52 and Trichoderma sp. has been performed
on several soil types (Ichriani et al., 2016). The
mixture of oil palm empty fruit bunch biochar
and peat was also used as solid carrier media
for Trichoderma harzianum (Kresnawaty et al.,
2012). Douds et al. (2014) stated that biochar
could be used as a fungus medium in the inoc-
ulums production system. Thus, biochar can be
used as a carrier medium for phosphate-solubiliz-
ing fungi. Collaboration of microbes and biochar
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produced from oil palm empty bunches improves
the soil properties (Ichriani et al.,, 2016). Senoo
et al. (2002) reported that compost and biochar
carrying agents could maintain the vitality of mi-
croorganisms. Therefore, biochar and compost
are good carriers for microbial inoculums (Soma-
rathne et al., 2013). However, the information on
the use of biochar of oil palm empty fruit bunches
as a carrier medium for phosphate-solubilizing
fungi is still very limited. The collaboration of oil
palm empty fruit bunch biochar and phosphate-
solubilizing fungi is expected to aid in the storage
and supply of nutrients. The presence of phos-
phate-solubilizing fungi also helps to increase
the availability of P in Ultisols to improve the
crop production. The purpose of this study was
to study the effect of phosphate-solubilizing fun-
gi application with biochar and compost carrier
media from oil palm empty fruit bunches on the
growth and yield of maize grown on an Ultisol
from Central Kalimantan.

MATERIALS AND METHODS

The materials used in this study were an Ulti-
sol, biochar of oil palm empty fruit bunches, com-
post of oil palm empty fruit bunches, and isolates
of phosphate-solubilizing fungi. The compost of
oil palm empty fruit bunches was obtained from
oil palm plantations PT. Surya Inti Sawit Ka-
huripan (Makin Group), Parenggean Subdistrict,
Kotawaringin Timur District, Central Kaliman-
tan. The soil was collected from farmers’ land
in Gunung Emas District, Central Kalimantan.
The biochar of oil palm empty fruit bunches was
made from oil palm empty fruit bunches which
was heated pyrolysis at 400°C for 67 hours. The
characteristics of soil (top soil, 0-30 cm) are as
follows: clay loam (24% sand, 47% silt, 29%
clay), 13.87% available water content, pH (H,O)
4.3, 0.52% organic-C, 156.47 ppm total P, 2.13
ppm available P, 137.65 ppm total K, 15.25 ppm
available K, exchangeable cations of Ca, Mg, K,
Na, Al and H, respectively, 1.80, 0.45, 0.06, 0.21,
3.34, and 6.31 me 100g"', CEC 5.64 me 100g’,
and 45% base saturation. The characteristics of
oil palm empty fruit bunch compost are as fol-
lows: pH (H,0) 6.7, 17.30%, organic C, 1.56%
total N, 3,700 ppm total P, 1,100 ppm total K, ex-
changeable cations of Ca, Mg, K, and Na, respec-
tively 3.19, 1.21, 0.52, and 0.83 me 100g"!, cation
exchange capacity 31.95 me 100g', 170 ppm Zn,

168 ppm Cu, 3.1 ppm Fe, 44 ppm Co, 1190 ppm
Mn, and 2.18 ppm Cd. The characteristics of bio-
char are as follows: pH 9.9, 61% C, 23.86% O,
1.78% Si, 1.18% Cl, 10.48% K, and 1.5% Ca.

Experiment 1: Adaptation of phosphate-
solubilizing fungi on media of biochar and
compost from oil palm empty fruit bunches

Four isolates of phosphate-solubilizing fun-
gi from Ichriani et al. (2017) i.e. Acremonium
(TB1), Aspergillus (TB7), Hymenella (TM1) and
Neosartorya (TM8) were inoculated on mixtures
of oil palm empty fruit bunch biochar and oil
palm empty fruit bunch compost with proportion:
100% biochar — 0% compost (B0), 90% biochar —
10% compost (B1), 80% biochar — 20% compost
(B2); 70% biochar — 30% compost (B3), and 60%
biochar — 40% compost (B4). Henceforth, the car-
rier medium will be called ‘biocom’ (B). The total
weight for each biocom carrier medium was 10 g.
Prior to the inoculation of the phosphate solubiliz-
ing fungi, the ‘biocom’ was sterilized for 2 hours
in boiling water, then after 24 hours, the biocom
was reheated for 2 hours. The density of each in-
oculated phosphate-solubilizing fungi per biocom
was 108 conidia mL'10 g of biocom media. The
biocom that has been inoculated with phosphate
solubilizing fungi was placed in a closed con-
tainer and placed in a sterile room during the trial
period. Twenty treatments (four isolates and five
biocoms) were prepared in a completely random-
ized design with four replicates. The ability of the
phosphate-solubilizing fungi to survive on the
biocom medium was observed by observing the
population of the fungi by the method of pouring
and growing in PDA (Potato Dextrose Agar) me-
dium at 2, 4, 8, 12 and 16 weeks after inoculation.
The biocom media which had the highest popu-
lation of phosphate-solubilizing fungi at the end
of the observation period (week 4) was observed
for microstructure using Scanning Electron Mi-
croscophy-Energy Dispersive X-ray (SEM-EDX)
method. The measurements of pH and organic C
of the carrier media were carried out at 4 and 8
weeks after inoculation.

Experiment 2: Effect of biocom + phosphate-
solubilizing fungi application on maize growth

The treatments tested for maize plant growth
were control (T), biochar (B), biocom 60:40 plus
Aspergillus-TB7 (BTB), and biocom 70:30 plus
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Neosartorya-TM8 (BTM). The treatments were
arranged in a completely randomized design with
five replicates. The dosage used in each polybag
was the 12 kg of soil, basic fertilizer (200 kg
Nha', 150 kg P,O, ha', 150 kg K,O ha™, 10 ppm
Mg, 10 ppm Ca, 10 ppm Zn, 6 ppm Cu, 0.9 ppm
B, and 0.9 ppm Mo) (Santi and Goenardi, 2012),
15 t biochar (B) ha'!, or 15 t biocom + FPF (BTB
or BTM) ha' (Sukartono et al. 2011, Uzoma et
al. 2011). The content of P in the P fertilizer used
is 17.87%. The observations consisted of vegeta-
tive and generative growth indicators, biomass,
and P uptake by maize. The P uptake (g plant)
was calculated based on total P-content in maize
plant biomass. Total P in plant was determined
by HNO,-HCIO, wet extraction and continued
measurements with spectrophotometer at 693 nm
wavelength. The data obtained were subjected to
analysis of variance followed by Duncan’s Mul-
tiple Range Test (DMRT) at 0.05 level of sig-
nificance. The efficiency of P fertilization (EhP)
was calculated with the formula of Dobermann
(2007): Ehp = [(SPp-SKp) / Hpp] *x 100%, where
Ehp is the nutrient uptake efficiency of P, SPp is
the uptake of P nutrient in the plant fertilized with
P, SKp is the uptake of P nutrient in plant not fer-
tilized with P, and HPp is the nutrient content of P
in the P fertilizer given to the plant.

RESULTS AND DISCUSSION

Adaptation of phosphate solubilizing fungi in
oil palm empty fruit bunch biocom media

Isolates of phosphate solubilizing fungi ap-
plied to carrier media in the form of oil empty
palm empty bunch biocom had different life and
growing ability. The results of observation of the
population involving each carrier medium 2, 4, 8,
12, and 16 weeks after inoculation are presented
in Figure 1. The highest population of Acremo-
nium-TB1 and Hymenella-TM1 was achieved
at 8 weeks after inoculation, while the highest
population of Aspergillus-TB7 and Neosartorya-
TMS8 was achieved 4 weeks after inoculation.
However, the Aspergillus-TB7 and Neosartorya-
TMS populations within 4 weeks of inoculation
were higher than those of Acremonium-TB1 and
Hymenella-TM1. This shows that Aspergillus-
TB7 and Neosartorya-TM8 are more capable
of living and adapting in solid carrier media of
oil palm empty fruit bunch biocom. One of the
mechanisms that cause biochar to have a positive
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impact on function is because biochar serves as a
hiding place for fungal hyphae due to its porous
nature (Warnock et al., 2007). Hadi et al. (2014)
reported that biochar applications into the soil in-
creased the fungi population by more than 22.2%.
The phosphate-solubilizing Aspergillus species
have been studied as the most highly adapted
fungi to the growing environment and thus have
a high ability of increasing the availability of soil
P for improving the plant growth (El-Azouni,
2008; Mittal et al., 2008; Ogbo, 2010; Jain et al.,
2012). After experiencing the highest population,
there was a trend of isolate population decline. At
16 weeks after inoculation, Aspergillus-TB7 and
Neosartorya-TM8 populations decreased as in
the period of 2 weeks after inoculation.

The carrier medium containing only biochar
without compost (B0) did not provide a good
growth medium for all isolates, since it had the
smallest population of phosphate-solubilizing
fungi. The low nutrients contained in biochar me-
dia alone caused improper growth of the fungi.
The changes of cellulose and lignin structure of
oil palm empty fruit bunch into complex struc-
tures in the form of crystalline structures and
C = C aromatic rings might have occurred dur-
ing the process of slow pyrolysis of fresh oil palm
empty fruit bunch material into biochar. Accord-
ing to Joseph et al. (2010), it is difficult for fungal
organisms are to use carbon compounds in very
complex forms such as the crystal and aromatic
structures. The result of gas chromatography-
mass spectrometry (GCMS) analysis showed that
oil palm empty fruit bunch biochar contained
organic compound with functional group of
C = C aromatic ring structure. This was marked
by the appearance of peak on the wave number of
1500-1600 cm™ which might indicate the pres-
ence of C = C aromatic ring group. This result
was also supported by the analysis of oil palm
empty fruit bunch biochar with GCMS that ob-
tained organic compounds suspected as cyclopro-
pane (15.51%) and cycloheptatriene (12.04%).
Therefore, carrier media combined with oil palm
empty fruit bunch compost showed a higher
phosphate-solubilizing fungi population, since
compost contained simple compounds that could
be used as nutrients by phosphate-solubilizing
fungi. Acremonium-TB1 seemed to be more suit-
ed to the composition of biocom media of 80:20
(B2), whereas Aspergillus-TB7 had the highest
population with 60:40 (B4) biocom compositions
with slower population decline than other com-
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Figure 1. The survival of Acremonium-TB1 (A), Aspergillus-TB7 (B), Hymenella-TM1 (C), and Neosartorya-
TMS, (D) for 2—6 weeks in several biocom formulations

positions. Hymenella-TM1 and Neosartorya-TM
8 were more suited to the 70:30 biocom media
composition (B3) with the highest population in
each isolate. The population decline in the 70:30
biocom media composition was also slower than
the composition of other biocom media. Compost
contains microaggregate with micropore structure
(Somarathne et al., 2013). The materials having a
micropore structure such as charcoal will be good
carriers for soil inoculums (Senoo et al., 2002).
Carrier media of compost and biochar can main-
tain the vitality of microorganisms (Senoo et al.,
2002). Therefore, biochar and compost are good
carriers for microbial inoculums (Somarathne et
al., 2013). Figure 2 shows the results of micro-
structure analysis of oil palm empty fruit bunch
biochar inoculated with Aspergillus-TB7 and
Neosartorya-TM8.

The effect of adding oil palm empty fruit
bunch compost onto oil palm empty fruit bunch
biochar did not linearly increase the population
of inoculated isolates of phosphate-solubilizing

fungi. For Aspergillus-TB7, the increase in the
proportion of oil palm empty fruit bunch compost
was accompanied by an elevated phosphate-solu-
bilizing fungi population. However, for Hymenel-
la-TM1 and Neosartorya-TMS, the increase of
phosphate solubilizing fungi population was only
up to the B3 (biochar 70%: 30% compost) and in
the proportion of 40% compost, the population of
both isolates decreased. The results of analyzes
pertaining to pH and organic C of biocom me-
dia at 4 and 8 weeks showed that the decrease
in the proportion of oil palm empty fruit bunch
biochar in the media (decreasing the proportion
of oil palm empty fruit bunch compost) has de-
creased the pH of the biocom medium (Table 1).
In addition, the pH value of each biocom media
formulation decreased 8 weeks after inoculation,
compared with the pH value of biocom medium 4
weeks after inoculation.

The addition of oil palm empty fruit bunch
compost to oil palm empty fruit bunch biochar
helped in the adaptation of phosphate-solubiliz-
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Figure 2. Microstructures (SEM EDX analysis) (A) biochar of oil palm fruit empty bunches; (B) biocom 60:40
(B4) plus 4spergillus-TB7; and (C) biocom 70:30 (B3) plus Neosartorya-TM8

ing fungi to oil palm empty fruit bunch biochar
media. Although the content of organic-C media
of biocom media was relatively unchanged.

Effect of biocom + phosphate solubilizing-
fungi application on maize growth and P
uptake efficiency

The application of oil palm empty fruit
bunch biocom plus phosphate-solubilizing fun-
gi significantly affected the growth and yield of
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maize as well as the P uptake by maize (Table
2). The significant effect of biochar (B) treat-
ment on plant vegetative component (plant
height and number of leaves) was seen faster 2
weeks after planting. However, after 2 weeks,
the treatment of oil palm empty fruit bunch bio-
com plus phosphate-solubilizing fungi showed a
better influence on the plant growth. The results
of Duncan’s Multiple Range Test at 5% level
showed that when biochar (B) and biocom plus
phosphate-solubilizing fungi (BTB and BTM)
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Table 1. pH and organic C of biocom media 4 and 8 weeks after inoculation

. pH Organic C (%)
Biocom
4 weeks ‘ 8 weeks 4 weeks ‘ 8 weeks
Acremonium-TB1
BO+TB1 10.13 10.12 8.13 8.72
B1+TB1 10.07 10.03 8.36 7.83
B2+TB1 10.08 9.87 8.77 7.87
B3+TB1 9.90 9.84 8.96 8.40
B4+TB1 9.83 9.70 10.56 10.56
Hymenella-TM1
BO+TM1 10.19 10.17 9.54 8.46
B1+TM1 10.07 9.98 10.96 7.98
B2+TM1 10.01 9.85 9.39 9.27
B3+TM1 9.97 9.81 8.28 8.52
B4+TM1 9.83 9.65 9.61 9.68
Aspergillus-TB7
BO+TB7 10.54 10.08 10.40 6.82
B1+TB7 10.49 10.00 10.68 7.90
B2+TB7 10.42 9.96 8.20 8.11
B3+TB7 10.34 9.83 10.97 9.99
B4+TB7 10.13 9.65 9.62 9.87
Neosartorya-TM8
BO+TM8 10.00 10.00 10.10 9.27
B1+TM8 10.07 10.05 9.77 7.68
B2+TM8 10.04 9.92 9.44 9.44
B3+TM8 10.04 9.87 10.59 7.75
B4+TM8 9.77 9.80 11.35 10.46
Table 2. Effect of application of biocom + phosphate-solubilizing fungi on maize growth
Plant Height (cm)
Treatments
2 weeks 4 weeks 6 weeks 8 weeks
T 33.34 48.36° 102.52% 164.582
B 34.86 77.22° 147.60° 198.06°
BTB 37.68 82.98¢ 161.70¢ 207.10¢
BTM 35.22 79.94¢ 154.86° 211.88¢
Number of Leaves
Treatments
2 weeks 4 weeks 6 weeks 8 weeks
T 4.00 4.802 5.40° 9.202
B 4.00 5.60° 7.40° 11.60°
BTB 4.00 6.40° 8.01c 12.60°¢
BTM 4.00 6.20° 8.00°¢ 12.80°¢
Stem Diameter (mm)
Treatments
2 weeks 4 weeks 6 weeks 8 weeks
T 1.522 3.62° 7.542 8.922
B 2.38¢ 6.82° 11.48° 14.94°
BTB 2.22¢¢ 7.22¢ 13.12¢ 15.56°¢
BTM 2.08° 7.26° 11.82¢ 15.80¢

Remarks: numbers followed by the same letters in each column indicate no significant different at 5% Duncan’s

Multiple Range Test.

treatments were compared with control (T), the
above-mentioned ameliorant materials had very
significant effects on vegetative, generative,
biomass and P uptake by maize. At the begin-

ning of the growth of maize (2 weeks), the ap-
plication of biochar alone (B) resulted in good
and fast growth of maize. At 4-6 weeks, the
biocom plus Aspergillus-TB7 (BTB) treatment
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gave the best growth performance and biomass
of maize even though its P uptake was lower
than that of P in biocom plus Neosartorya-TM8
(BTM) treatment. However, at 8 weeks, the
performance of maize (growth, biomass, and P
uptake) as well as the yield components with
the BTM treatment was the best. At 4 weeks,
the biocom plus phosphate-solubilizing fungi
provided a 100-200% increase in the P uptake
compared with the control treatment. Generally,
biological fertilizer in carrier media increases
the plant growth more effectively than free cell
biofertilizer; this is because carriers protect the
functional microbes from soil or climate stress
(Jain et al., 2010). Mechanisms such as the pro-
duction of phytohormones, vitamins or amino
acids may be involved in the effect of micro-
organisms on phosphate dissolution (Chakkara-
varthy et al., 2010).

A number of theories explain the mecha-
nism of inorganic phosphate dissolution i.e. the
production of mineral dissolving compounds
such as organic acids, siderophores, protons,
hydroxyl ions, and CO, (Rodriguez and Fraga,
1999; Sharma et al., 2013). The organic acids
produced together with carboxyl and hydroxyl
ion cations then chelate or reduce the pH to re-
lease P (Seshachala and Tallapragada, 2012).
Organic acids are produced in the periplasmic
chamber by direct oxidation pathway (Zhao et

al., 2014). The excretion of these organic acids
is accompanied by a decrease in pH, resulting
in acidification of microbial cells and its sur-
roundings, so that the P ions are released by
substitution of H" to Ca* (Goldstein, 1994).
Another mechanism of dissolving phosphate
minerals by microorganisms is the production
of inorganic acids (such as sulfuric acid, nitrate,
and carbonate) and the production of chelating
agents (Alori et al., 2017). The increase in the
percentage of P uptake is in line with the ele-
vated plant biomass and supports the increase of
crop production. The fertilization efficiency of
P fertilizer is based on the efficiency of P nutri-
ent uptake. In this study, 32.6% increase of the P
uptake efficiency was observed for biocom plus
Aspergillus-TB7 (BTB) and 42.5% increase of
the P uptake efficiency was observed for biocom
plus Neosartorya-TM8 (BTM), while the appli-
cation of biochar alone (B) only resulted in 2.5%
increase of the P uptake efficiency. This suggests
that the application of biochar plus phosphate-
solubilizing fungi, either Aspergillus-TB7 or
Neosartorya-TMS, could improve the P uptake
efficiency to meet the P nutrient needs for maize.
In addition, the use of biochar in fungi carrier
positively contributed to the improved avail-
ability of micronutrients for plants and water
balance in the soil, because biochar has a high
porosity (Scistowska et al., 2015).

Table 3. Effect of application of biocom + phosphate-solubilizing fungi on yield components

Fresh D
Shoot Dry Root Dry Fresh Weight ; Y
- . Weight Weight
Treatments Weight (g) Weight (g) of Cob ) )
ith Husk
4 weeks 8 weeks 4 weeks 8 weeks w usk (@) Cob without husk
T 8.76° 57.58% 5.07° 10.032 153.582 97.48° 31.09°
B 11.73° 98.54° 6.68° 16.37° 221.56° 154.60° 46.07°
BTB 13.59¢ 133.08¢ 7.914 19.36¢ 266.92°¢ 200.58¢ 60.58¢
BTM 11.95° 150.94¢ 6.76° 17.82¢ 277.12¢ 210.44¢ 65.42¢

Remarks: numbers followed by the same letters in each column indicate no significant different at 5% Duncan’s

Multiple Range Test.

Table 4. Effect of application of biocom + phosphate-solubilizing fungi on P uptake and efficiency of P uptake

by maize
P uptake by Maize Shoot (g plant™) Efficiency of P uptake P (%)
Treatments
4 weeks 8 weeks 4 weeks 8 weeks
T 0.06° 0.642 0.0 0.0
B 0.13° 1.44° 1.3 25
BTB 0.22¢ 2.34¢ 3.1 32.6
BTM 0.24¢ 2.85¢ 3.5 42.5

Remarks: numbers followed by the same letters in each column indicate no significant different at 5% Duncan’s

Multiple Range Test.
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CONCLUSION

The phosphate-solubilizing fungi that were
able to adapt to biocom carrier media were Asper-
gillus-TB7 with 60:40 biocom proportions and
Neosartorya-TM8 with 70:30 biocom propor-
tions. The performance of maize growth and P fer-
tilization efficiency of maize could be improved
by applying biocom plus phosphate-solubilizing
fungi. Biocom plus Neosartorya-TM8 (BTM)
application on an Ultisol of Central Kalimantan
provided the best maize growth, maize yield, P
uptake by maize, and P fertilization efficiency.
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