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Abstract. Phosphorus compound in the critical land is relatively low
that caused phosphorus is bonded to metals. The isolate BRC-AP
and BRC-AK are a phosphate solubilizing bacteria (PSB) indigenous
critical land that has the ability to dissolve phosphate. The used of
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gr). The addition of consortium phosphate solubilizing bacteria and
144 producing fungi from South Kalimantan critical land proved can
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INTRODUCTION grown plants generally. Some plants grow

through with long adaptation process. Critical

One of the areas in South Kalimantan
with the large critical land area is in Cempaka
District Banjarbaru, due to mining activities.
This activity causing the land cannot be over-

land revegetation can be done by using ele-
phant grass (Pennisetum purpureum cv King
Grass) plants. According to Magcale-Macar-
dog et al. (2008), elephant grass can be used
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as an antidote to erosion, degradation and
soil damage. In addition, according to Sina-
ga (2008), elephant grass is able to withstand
the condition of land that lack air due to the
ability of elephant grass in improving the effi-
ciency of air use.

Mining activities cause metals to accu-
mulate on the ground and have an impact on
the availability of nutrients. Soils that have
high metal content will affect nutrient mobility
such as phosphorus. Phosphorus (P) will bind
to the metal compounds in the form of Ca-P,
Mg-P, AI-P and Fe-P According to (Fluck et
al., 1998). The presence of the P-bonds causes
P not available to the plant. One alternative to
overcome the low P-available on the soil is
by utilizing the phosphate solubilizing bacte-
ria (PSB) (Atekan et al., 2014). The ability of
PSB in producing organic acids such as citric
acid, sulfuric acid, nitric acid and oxalic acid
can dissolve the phosphate bound (Hilda &
Faga, 2000).

The use of PSB is one of the efforts to
stimulate the growth of plants in critical land.
Based on the preliminary test, two isolates of
phosphate solubilizing bacteria from Cempa-
ka Banjarbaru critical land were coded BRC-
AP (white acacia rhizosphere bacteria from
Cempaka) and BRC-AK (yellow acacia rhiz-
osphere bacteria from Cempaka). PSB inocu-
lum from critical land more effective tackling
of critical land when compared to the same
inoculum but not from critical land. Egamber-
diyeva et al. (2006) reported the inoculation
of PSB such as Pseudomonas able to increase
the growth of wheat, corn and cotton plants.
In addition, to stimulate the growth of plants
in critical land is needed plant growth promot-
ing microorganisms such as plant growth IAA
(indole acetic acid). Fungi producer Iman-
ingsih & Zulaikha (2013) showed that crude
extract of fungi from Cempaka Banjarbaru
critical land is able to increase elephant grass

Imaningsih et al.

growth on critical soil because it contains
growth regulator components such as IAA
and kinetin. Imaningsih (2010) reports that
some litter species of litter in industrial plan-
tation forest areas in some areas of Central
Kalimantan and East Kalimantan can produce
growth regulators that increasing the number
of lateral roots and dry weight of mung bean
(Vigna radiata (L.) R. Wilczek) plants.

The combination of phosphate solubi-
lizing and TAA producing bacteria is consid-
ered more effective in spurring plant growth
on critical land. Budi et al. (2011) reports on
the use of rhizosphere bacteria and endophytic
fungi can maximize the growth of rice crops
and increase plant resistance. The results of
Gerhardson et al. (2008) study, indicating the
presence of double inoculation of bacteria and
fungi in plants can have a positive effect on
plant growth and productivity.

Based on this, critical land revegetation
can be maximized by utilizing a consortium
between phosphate solubilizing bacteria and
[IAA-producing fungi from critical land to
spur the growth of elephant grass (Pennisetum
purpureum cv King Grass). Therefore, the
aim of this study is for testing of the potential
phosphate solubilizing bacteria and IA A-pro-
ducing fungi from critical land of Cempaka
Banjarbaru South Kalimantan to support the
growth of elephant grass in the effort to criti-
cal land revegetation.

MATERIALS AND METHODS

Measurement of Solubility Index of BRC-
AP and BRC-AK Isolates in a Solid Picov-
skaya Medium.

Phosphate dissolving activity is deter-
mined by the formation of clear zone in solid
Pikovskaya medium (Rao, 1994). The medi-
um composition : 20 g/L agar, 0.5 g/L yeast
extract, 10 g/L dextrose, 5 g/L Ca, (PO,),,

139



Jurnal Biodjati 4(1):138-148, May 2019

JURNAL BI§®DJATL

http://journal.uinsgd.ac.id/index.php/biodjati

0.5 g/L (NH,),SO,, 0.2 g/L KCl, 0.1 g/L Mg-
SO,.7H,0, 0.01 g/L MnSO, and 0.01 g/L
FeSO,. The form of a clear zone ratio (halo
zone) by comparing the diameter of the clear
zone and the diameter of the colony was
measured (Khan et al., 2014). Clear zone di-
ameters and measured colonies were then cal-
culated using the phosphate solubility index
formula where the diameter of the colony plus
the diameter of the clear zone divided by the
diameter of the colony (Malviya et al., 2011).

Synergism Assay Between Phosphate Sol-
ubilizing Bacteria (PSB) and IAA-Produc-
ing Fungi from Critical Land.

The BRC-AP and BRC-AK isolates
were tested for activity with [AA-producing
fungi from Cempaka Banjarbaru Humicola
sp. R.Dn., by growing PSB and IAA-produc-
ing fungi on Sabouraud Dextrose agar medi-
um in petri dish simultaneously. PSB isolates
were previously grown for 2 days before fun-
gi, then incubated at 25-30°C for 72 hours.
Observations were made by measuring the ra-
dius of the fungal colonies. The measurement
data was then calculated to find the percent-
age of resistance using the percentage formula
of resistance where the radius of the colonies
grown in the opposite direction of the bacte-
rial colony was reduced by the radius of the
fungal colonies that sprouted toward the bac-
terial colony divided by the radius of the fun-
gal colony that grew in the opposite direction
of bacterial colonies then multiplied by 100%
(Skidmore, 1976).

Testing the Ability of Consortium of Phos-
phate Solubilizing Bacteria (PSB) and
IAA-Producing Fungi from Critical Land
in Spurring the Growth of Elephant Grass
Cuttings.

Jurnal Biodjati 4(1):138-148, May 2019

The application consists of several
stages including the production of inoculants
phosphate solubilizing bacterial in liquid
Pikovskaya medium and the manufacture of
IAA-producing fungi from critical land. Fur-
thermore, each suspension (15 mL : 34.12 x
108 sel/ml for Humicola sp. R.Dn and one in-
oculating loop for PSB), was applied to the
test media, which is 500 grams of sterile soil
from the critical land which was put into the
polybags and planted whit the elephant grass
cuttings. Addition of The inoculation treat-
ment consisted of (Control: without addition
of inoculum), (BRC-AP: PSB 1), (BRC-AK:
PSB 2), (KP: IAA-producer isolate Humico-
la sp. R.Dn.), BRC-AP + KP (combination
of PSB 1 + Humicola sp. R.Dn), BRC-AK
+ KP (combination of PSB 2 + Humicola sp.
R.Dn), BRC-AP + BRC-AK + KP (combina-
tion of PSB 1 + PSB 2 + Humicola sp. R.Dn).
The observed data were the increase of shoot
length in each week after planting, root length
and root biomass and leaves.

Data Analysis

The experimental design of this study
used a complete randomized design (RAL)
with one test plant and seven treatments.
Each treatment was repeated three times so
that 21 units of the experiment were obtained
(Ahmed & Hasnain, 2010). The observed re-
sponses were an increase of shoot length, root
length, and root biomass and leaves. The data
obtained were analyzed statistically by analy-
sis of variance. The different treatments were
significantly tested further using Duncan’s
Multiple Range Test (DMRT). The test was
performed at 95% confidence level (signifi-
cant P <0.05) using SPSS (Statistical Package
for the Sciences System) version 17.
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RESULTS AND DISCUSSION

Phosphate Solubility Index of Phosphate
Solubilizing Bacteria from Critical Land in
a Solid Pikovskaya Medium.

The highest value of phosphate solu-
bility index was shown on BRC-AP isolate
(27) in ten days incubation. While on BRC-
AK isolate, the highest phosphate solubili-
ty index (26.6) at nine days incubation (Ta-
ble 1). The ability of bacteria on dissolving
phosphate is bound due to bacteria capable
of producing organic acids such as oxalate,

succinate, tartrate, citrate, lactate, a-ketoglu-
tarate, acetate, formate, propionate, glycolate,
glutamate, glyoxylate, malate, and fumarate.
These organic acids are able to release bonded
phosphate bonds becomes dissolved (Hilda &
Faga, 2000). In addition, the ability of bacte-
ria in producing enzyme phosphatase is con-
sidered capable of dissolving the phosphate
bonds. Some of the resulting phosphatase en-
zymes include phosphomonoesterase, phos-
phodiesterase, triphosphomonoesterase and
phosphoamidase.

Table 1. The phosphate solubility index values of BRC-AP and
BRC-AK isolates on solid Pikovskaya medium

Day
Isolate
8 9 10
BRC-AP 26.6 25 25.6 27
BRC-AK 25.9 25.9 26.6 24.8

Description: the average of 2 repetitions

These enzymes are capable of hydrolyzing organic phosphates
into inorganic phosphates (H,PO*, HPO*") (Khan et al. (2014);

Meatyard (1999))

Figure 1. Synergism between BRC-AP (A) and BRC-AK (B) isolates with IAA-producing fungi
(Humicola sp .R.Dn from critical land. The arrows show the location of bacterial colo-
nies

Imaningsih et al.
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Percentage inhibition showed the inhi-
bition rate of fungi against BRC-AP isolates
1s (-)55.02% and BRC-AK (-)76%. A percent
value between 0 to negative (-) indicates no in-
hibition between fungi and bacteria. The syn-
ergism test between isolate phosphate solubi-
lizing bacteria (BRC-AP and BRC-AK) with
IAA- producing fungi (Humicola sp. R.Dn)
showed that both isolates were able to coex-
ist. Both bacterial and fungi isolates did not
interfere with each other’s growth (Figure 1).

According to Sudantha et al. (2011)
testing of antagonism and synergism between
microorganisms can be seen through the per-
centage of obstacles. If the percentage is 0 or
less than 0, it can be said microorganisms are
not antagonistic. Santos et al. (2008), that syn-
ergism testing between two or more different
microorganisms is indicated by the inhibi-
tion of the inhibition zone between colonies.

Effect of the Consortium of Phosphate
Solubilizing Bacteria and IAA-Producing
Fungi from Critical Land to the Growth
Rate of Elephant Cuttings Bud Length at 1
to 3 Weeks After Planting

Observation of the growth rate of shoot
length at one to three weeks after planting
shows a difference every week. The first week
showed relatively long shoot, while in the sec-
ond and third weeks the growth rate of shoot
length decreased (Table 2). The results of the
statistical analysis using ANOVA test on the
measurement of the first week have a signifi-
cant effect on the growth of shoot length. This
suggests that treatment of consortium of PSB
with IAA producing fungi gives different re-
sults compared to the single treatment (without
PSB) and control (no treatment). While in the
second and third weeks the rate of growth of
shoot length did not have a significant effect.

The treatment with the highest increase
in BRC-AP + BRC-AK + KPis 58.66 cm. The

Jurnal Biodjati 4(1):138-148, May 2019

measurement result of shoot length growth
at two weeks after planting increased from
one week after planting. Based on statistical
analysis the treatment did not have a signif-
icant effect on the growth of shoot length.
The BRC-AP + BRC-AK + KP treatment was
treated with the highest increase (8 cm) with
a shoot length of 66.66 cm (Table 2). The re-
sult of shoot length at three weeks after plant-
ing increased from two weeks after planting.
Based on statistical analysis the treatment did
not have a significant effect on the growth of
shoot length. The treatment with the high-
est increase was in BRC-AP + KP treatment
(27.66 cm) with a shoot length of 82.66 cm
(Table 2).

Hussain et al. (2013) showed that the
inoculation of phosphate solubilizing bacteria
was able to increase the growth rate of corn
compared with the PSB inoculation. This is
also reinforced by Aryantha et al. (2004) that
inoculation of IAA-producing microbes can
increase the growth of green bean sprouts.
The treatment of PSB and IA A producing fun-
gi consortium showed that the treatment had
gave the best effect on the growth rate of shoot
length compared with a single or no treatment.
Wariesyliane et al. (2013) showed the inocu-
lation of providing nutrient bacterial consor-
tium contribute the best yields on rice crops.

The difference in the rate of growth of
the long shoots on each week was brought
about due to several factors such as the con-
tent of supplementary feeding, rooting, and
plant growth regulator. The rate of growth in
length of shoots in the first week of relatively
rapid because of the food reserve in the tis-
sues of cuttings is still available. Consortium
of PSB and IAA producing fungi give nutri-
ents and growing regulatory substances. Ac-
cording to Ardaka et al. (2007); and Sutatar
& Sanjaya (1996) factors that influence the
growth of shoots on cuttings i.e. humidity,
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temperature, light intensity, the rooting me-
dium, plant growth factor, water availability,
food reserve, plant age, season, and the time
of the taking of cuttings.

The results of the measurement of the
rate of growth of the long shoots in the sec-
ond week was decline. This is because food
reserves in the tissues of cuttings are decrease.
Additionally, on the second week of root cut-

tings started to grow so that the cuttings start
doing taking nutrition from the growth me-
dium. Next on the third week of growth rate
experienced a slight increase. This is because
the cuttings are able to utilize the nutrients
derived from growth medium. According to
Keesey & Lerner (-) cuttings use energy to
form new roots, most of the energy comes
from photosynthesis if the cutting has leaves.

Table 2. Shoot length growth of elephant grass cuttings at one to three weeks after planting (cm).

Age
Treatment
1 WAP 2 WAP 3 WAP
Control 31.134+8.82a 5.242.36a 8+6.16a
BRC-AP 56.66+6.94b 7.66£2.49a 16.66+6.51a
BRC-AK 54.73+8.79b 5.96+1.51a 20.96+5.66a
KP 44.16+8.61a 5.93£1.31a 16.449.20a
BRC-AP + KP 50.13+5.06b 4.86+0.66a 27.66+8.72a
BRC-AK + KP 50.76+8.34b 6.56+2.54a 15+£5.52a
BRC-AP + BRC-AK + KP 58.66+4.71b 8+2.16a 20+8.44a

The number followed by the same letter in the column shows no different at the 5% level of the DMRT
test. (Control: without the addition of inoculum). (BRC-AP: phosphate solubilizing bacterial isolate 1).
(BRC-AK: phosphate solubilizing bacterial isolate 2). (KP: IAA-producing isolate Humicola sp. R.Dn
(WAP: week after planting). BRC-AP + KP (combination of PSB 1 + Humicola sp.R.Dn). BRC-AK +
KP (combination of PSB 2 + Humicola sp .RDn). BRC-AP + BRC -AK + KP (combination of PSB 1

+ PSB 2 + Humicola sp. R.Dn)

Effect of the Consortium of PSB and IAA
Producing Fungi from Critical Land to
Growth of Elephant Grass Root Length.

The results of statistical analysis of root
length growth using ANOVA test showed that
the treatment did not have significant to on the
growth of root length of elephant grass cut-
tings. The treatment with the highest value
was shown in the BRC-AP treatment with a
root length of 35.5 cm (Table 3).

Single PSB treatment gave the highest re-
sult compared the combination treatment with
IAA producing fungi and single IAA produc-
ing fungi. This is probably because IAA con-
centration that produce by fungi inhibit root

Imaningsih et al.

growth. According to Overvoorde et al. (2010)
high or above normal auxin concentrations
can be inhibitors for root plant growth because
enzymes cannot use these concentrations. In-
dole acetic acid-tryptophan mono-oxygenase
is one of several enzymes that is affected by
auxin concentration (Olatunji et al., 2017).

[AA from fungi as exogenous aux-
in may affect endogenous auxin metab-
olism. Studies of IAA biosynthesis have
shown exogenous free IAA may have re-
duced biological activity in large part
(Ribnicky et al., 1996). The presence of
exogenous [AA caused apparent feedback in-
hibition of IAA biosynthesis (Tam et al., 1995).
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Table 3. The growth of elephant grass root length 3 weeks after planting

Treatment Root length (cm)
Control 25.70+7.15a
BRC-AP 35.50+8.84a
BRC-AK 27.3343.86a
KP 30.17£10.59a
BRC-AP + KP 28.17+7.31a
BRC-AK + KP 31.83+6.64a
BRC-AP + BRC-AK + KP 30.00+4.08a

The number followed by the same letter in the column shows no differ-
ent at the 5% level of the DMRT test. (control: without the addition of
inoculum). (BRC-AP: PSB isolate 1). (BRC-AK: PSB isolate 2). (KP:
IAA producer isolate Humicola sp. R.Dn). BRC-AP + KP (combination
of PSB 1 + Humicola sp. R.Dn). BRC-AK + KP (combination of PSB 2
+ Humicola sp .R.Dn). BRC-AP + BRC-AK + KP (combination of PSB
1 + PSB 2 + Humicola sp. R.Dn)

Effect of the Consortium of PSB and
IAA-Producing Fungi from Critical Land
to Root and Leaf Biomass of Elephant
Grass

The highest root dry weight was shown
in BRC-AP treatment. The average dry weight
of roots at the treatment was 2.12 gr. The
highest dry leaf weight was found in BRC-AP
+ BRC-AK + KP treatment (5.65 gr). The re-
sult of statistical analysis using ANOVA test
showed that the treatment had a significant ef-
fect to leaf dry weight.

While for dry weight of root treatment
was not significantly effect (Table 4). Re-
search of Hameeda (2006) showed that PSB
inoculation was able to increase of corn bio-
mass. In addition inoculation of IAA-produc-
ing fungi is also considered to play a role in
increasing biomass production. IAA that pro-
duced by fungi able to accelerate the growth
of shoots and roots so that the production of
leaves and roots biomass to be increased. This
is also reinforced by the study of Hussain
(2013) suggesting that inoculation of PSB
may increase the dry weight of roots, stems,
and leaves of corn plants.

Jurnal Biodjati 4(1):138-148, May 2019

Treatment Rating of the Consortium of
PSB and IAA-Producing Fungi from Crit-
ical Land as the Trigger of Elephant Grass
Cultivation Growth.

Based on all result which includes
of the highest shoot length increase, root
length, root and leaf biomass. Sorting is
done according to rank, to determine the
best treatment. The ranking is determined
by the smallest average value. The best
treatment showed in BRC-AP + BRC-AK +
KP. The average rating score is determined
using the Kruskal-Wallis test (Table 5).

The BRC-AP isolate have the highest
phosphate solubility index (27). The BRC-
AP and BRC-AK isolates were able to syn-
ergize with TAA-producer (Humicola sp
.R.Dn), with the percentage of each inhibition
(-)55.02% and (-)72%. Giving inoculation of
phosphate solubilizing bacteria and IAA-pro-
ducing fungi consortium can stimulate the
growth of elephant grass cuttings, especial-
ly the lengths of shoot and leaf biomass. As
for root length and root biomass did not dif-
ference significant effect. The highest treat-
ment was found in BRC-AP + BRC-AK +
KP treatment (combination of PSB 1 + PSB

144



Jurnal Biodjati 4(1):138-148, May 2019

JURNAL BI§®DJATL

http://journal.uinsgd.ac.id/index.php/biodjati

2 + Humicola sp. R.Dn). The addition of con-
sortium phosphate solubilizing bacteria and
IAA producing fungi from South Kalimantan
critical land proved can improve plant growth
especially length shoot and leaf dry weight.

The results of this research show the
inoculation of consortium PSB and [AA pro-
ducing fungi from critical land were able to
improve the growth of elephant grass cut-

omass. It shows PSB and IAA producing
fungi from critical land has potential in ac-
celerating the efforts of critical land reveg-
etation with elephant grass. The use of el-
ephant grass able to prevent erosion critical
land areal. So the use of consortium PSB-IAA
producing fungi from critical land may be-
come good candidates for the development
of indigenous biofertilizers on critical land

tings, mainly growth of shoots and leaf bi- revegetation after further investigations.
Table 4. Root and leaf biomass elephant grass 3 weeks after planting
Treatment Root dry weight (gram) Leaf dry weight (gram)
Control 1.44 +0.55a 302+1.10a
BRC-AP 2.12+0.39a 5.34+1.53b
BRC-AK 1.64 £ 0.42a 475+ 1.10b
KP 1.63 £ 0.54a 3.9 £ 0.88ab
BRC-AP + KP 1.48 £0.36a 5.47+0.47b
BRC-AK + KP 1.87 £0.28a 4.52 +0.89ab
BRC-AP + BRC-AK + KP 1.81 +£0.11a 5.65+0.77b

The number followed by the same letter in the column shows no different at the 5% level
of the DMRT test. (control: without the addition of inoculum). (BRC-AP: PSB isolate 1).
(BRC-AK: PSB isolate 2). (KP: IAA producer isolate Humicola sp. R.Dn). BRC-AP +
KP (combination of PSB 1 + Humicola sp. R.Dn). BRC-AK + KP (combination of PSB
2 + Humicola sp .R.Dn). BRC-AP + BRC-AK + KP (combination of PSB 1 + PSB 2 +

Humicola sp. R.Dn)

Table 5. Ranking of treatment that spurs the growth of elephant grass cuttings

Ranking
Treatment Shoot length Root Biomass Average*
1 WAP 2 WAP 3 WAP length Root  Leave
Control 7 6 7 7 7 7 38.5
BRC-AP 3 2 4 1 1 3 11.5
BRC-AK 2 4 2 6 4 4 19.5
KP 6 5 5 3 5 6 27.5
BRC-AP + KP 5 7 1 5 6 2 23.5
BRC-AK + KP 4 3 6 2 2 5 19.5
BRC-AP + BRC-AK + KP 1 1 3 4 3 1 10.5

The average with the smallest value is the highest ranked treatment (* = Average value obtained using Krus-
kal-Wallis test); (WAP = weeks after planting); (control: without addition of inoculum). (BRC-AP: PSB isolate 1).
(BRC-AK: PSB isolate 2). (KP: IAA producer isolate Humicola sp. R.Dn).). BRC-AP + KP (combination of PSB
1 + Humicola sp. R.Dn). BRC-AK + KP (combination of PSB 2 + Humicola sp .R.Dn). BRC-AP + BRC-AK +
KP (combination of PSB 1 + PSB 2 + Humicola sp. R.Dn)

Imaningsih et al.
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