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ABSTRACT

The study to obtain the influence of selected superior bacterial isolates (SBI), biogas sludge,
and their interactions on growth, biomass, and nutrient uptake in upland rice in ultisols. This
study used a Randomized Block Design within two factors and seven replications from October
2020 until April 2021. The first factor used selected SBI (BO= untreated, B1= nitrogen-fixing
bacteria isolate (N3), B2= phosphate solubilizing bacteria isolate (P7), B3= isolates
combination (N3+P7). The second factor was dosage of biogas sludge (SO= untreated, S1=
157.5; S2= 315; S3= 630 mL polybag™). The parameters were determined by ANOVA and

followed by DMRT at P< 0.05. The results showed that the P7 isolate significantly increased
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total-N uptake and the highest crop growth rate (CGR) of upland rice by 20.77% and 2.81-
folds, respectively. Biogas sludge dosage from 315 to 630 mL polybag™ significantly increased
plant height, uptake of total-N and available-P, total fresh and dry weight, and CGR of upland
rice. The interaction of N3 with biogas sludge dosage of 630 mL polybag® significantly
increased the CGR of upland rice. The application of N3 and P7 isolates and their combination
within biogas sludge of 630 ml polybag™ has the potential to archive the CGR of upland rice in

acidic soils.

Keywords: acidic soil, crop growth rate, dosage, sludge potential, upland rice.

RESUMEN

O estudo para obter a influéncia de isolados bacterianos superiores selecionados (IBS), lamas
de biogés e suas interacdes no crescimento, biomassa e absor¢ao de nutrientes no arroz upland
em ultisois. Este estudo utilizou um projeto de bloco aleatorizado dentro de dois fatores e sete
replicacdes de outubro de 2020 até abril de 2021. O primeiro factor utilizado foi o IBS
seleccionado (BO= ndo tratado, B1=isolado de bactérias fixadoras de azoto (N3), B2= isolado
de bactérias solubilizadoras de fosfato (P7), B3= combinacéo de isolados (N3+P7). O segundo
factor foi a dosagem das lamas de biogas (SO= ndo tratadas, S1= 157.5; S2= 315; S3= 630 mL
o polybag™). Os pardmetros foram determinados pela ANOVA e seguidos pela DMRT Em P<
0,05. Os resultados mostraram que o isolado P7 aumentou significativamente a captacéo total
de N e a maior taxa de crescimento das culturas (TCC) de arroz das terras altas em 20,77% e
2,81 dobras, respectivamente. Dosagem das lamas de biogas de 315 a 630 mL o polibag™
aumentou significativamente a altura da planta, a absorcéo do total-N e do Disponivel-P, o peso
total fresco e seco e 0 TCC do arroz das terras altas. Interaccdo de N3 com a dosagem de lamas

de biogas de 630 mL o polibag™ aumentou significativamente o TCC do arroz upland. A
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aplicacéo de isolados N3 e P7 e a sua combinacio nas lamas de biogas de 630 mL o polibag™

tem o potencial de arquivar o TCC do arroz upland em solos &cidos.

Palavras-chave: arroz de montanha, dosagem, potencial de lamas, solo &cido, taxa de

crescimento das culturas.

Introduction

Biogas sludge is the waste by-product installation from an anaerobic processing system (Food
and Agriculture Organization, 1997) and has a high nutrient content that can be used as organic
fertilizer to increase soil fertility and plant yield (Adela et al., 2014). It has been reported that
the characteristics of biogas sludge from palm oil waste such as total-N of 490 mg L™; NH3-N
was 65 mg L; total-P by 110 mg L™; K of 1.9 mg L™; Ca by 23 mg L%; Mg of 256 mg L*; As
<0.01 mg L; Zn was 0.61 mg L*; and Cr by 0.04 mg L (Lubis et al., 2014), C/N 8; 0.14%
N, 1.12% C (Tepsour et al., 2019), NHs-N ranged by 91 to 112 mg L* (Choorit & Wisarnwan,
2007), pH ranged by 6.8 to 8.3; and the highest bacterial populations was 7.21x107 cells per
mL and the lowest was 3.15x107 cells per mL (Alvionita et al., 2019). Mustamu & Triyanto
(2020) also reported that the biogas sludge has nitrogen-fixing and phosphate solubilizing

which have the potential to availability of nitrogen and phosphate in the soil.

The diversity of beneficial bacteria such as nitrogen-fixing and phosphate solubilizing has
greater potential in increasing soil fertility and plant growth. Zhang et al. (2013) reported that
phosphate solubilizing bacteria play an important role in increasing soil fertility, plant yield,
and reducing the use of chemical fertilizers. Sharma et al. (2013) described that the Bacillus
genera such as B. circulans, B. cereus, B. fusiformis, B. pumilus, B. megaterium, B. mycoides,
B. coagulans, B. chitinolyticus, B. subtilis have been reported as phosphate solubilizing.

Ambrosini et al. (2016) reported that Bacillus cereus showed the highest nitrogenase activity
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among 42 different strains of Bacillus spp. Lim et al. (2018) also reported the dominant bacteria
found in the biogas sludge from anaerobic processing using the pyrosequencing and clone

library methods, i.e. Proteobacteria, Firmicutes, Bacteroidetes, and Thermotogae.

The bacteria from biogas sludge has never been reported in Indonesia on the application of
bacterial isolates from biogas sludge in improving upland rice growth on acidic soils. Thus, it
IS necessary to test the potential of beneficial bacterial isolates from biogas sludge in increasing
the availability of nitrogen, phosphate, and the response to the growth of upland rice due to the
biogas sludge and selected isolate in ultisols. The study was aimed to obtain the influence of
selected superior bacterial isolates, biogas sludge, and their interaction on the growth of upland

rice in ultisols.

Material and Methods

Study area

The concentration of total-N and available-P in ultisols and the plant tissue were analyzed in
the Analytical Laboratory of PT. Socfin Indonesia, Medan. The bacterial isolates were applied
to upland rice in Padang Bulan Village, Medan Selayang Subdistrict, Medan City, North

Sumatra, Indonesia from October 2020 to April 2021.

Preparation of medium and upland rice seeds

The planting medium used a soil type of ultisols from the Simalingkar area, Medan Tuntungan
Subdistrict, Medan City with a soil depth of 0 to 20 cm. 100 g of soil samples were taken and
analyzed for chemical characteristics such as pH, organic-C, available-P, total-N, CEC, and
base saturation (K, Ca, Na, Mg) (Table 1). The soil was sterilized by burning at 100°C for 2 h.
After being incubated for a day, the soil was put into a polybag with a size of 10 kg. A basic
fertilizer of NPK Mutiara at a dose of 300 kg ha* was given by stirring evenly with the soil. In

concurrently, the seeds of upland rice used was inbred variety of Inpago-8 then soaked in water
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for 24 h and followed by a propineb fungicide (70%) for two hours. Upland rice was planted

after one day of basic fertilization with two seeds per polybag at a depth of 2 cm.

TABLE 1. The chemical characteristics of sterile ultisols.

Chemical characteristics Value Category”
Soil pH (H20) 4.80 Acid
Organic-C (%) 0.44 Very low
Total-N (%) 0.04 Very low
Available-P (mg kg™) 870.25 Very high
CEC (me/100 g) 28.31 High
Base saturation (%) 4.85 Very low
Exchangeable cations
K (me/100 g) 0.60 High
Ca (me/100 g) 0.34 Very low
Mg (me/100 g) 0.32 Very low
Na (me/100 g) 0.09 Very low
Al (%) 0.02 Very low

Source: *Criteria for pH H20=4.5-5.5 (acid); organik-C <1% (very low); total-N <0,1% (very
low); available-P >60 mg kg (very high); CEC= 25-40 me/100 g (high); base saturation <20%
(very low); exchangeable-K= 0.60-1.00 me/100 g (high); exchangeable-Ca <2 me/100 g (very
low); exchangeable-Mg <0.4 me/100 g (very low); exchangeable-Na <0.1 me/100 g (very low);
exchangeable-Al <5% (very low) (Soil Research Institute, 2009).

Preparation of superior bacterial isolates suspension and biogas sludge

The selected superior bacterial isolates used phosphate solubilizing bacteria (P7) which has
been confirmed by Mustamu et al. (2021) and nitrogen-fixing bacteria or N3 (data
unpublished). The isolates were grown on NB medium, and incubated for 48 h. The microbial
mass in the solution was measured using spectrophotometer with a density of 108 cells per mL.

10 mL was taken from solution containing nitrogen-fixing bacteria (N3) and phosphate

solubilizing (P7).

The biogas sludge was taken from an identical location in the first phase of the study (palm oil
mill of PT. Nubika Jaya, Pinang City, Labuhanbatu District, North Sumatra Province,

Indonesia). Bacterial isolate and biogas sludge were applied to the soil surface at the plants
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were one week after planting (WAP). Biogas sludge samples were taken 500 mL then analyzed

the chemical and biological characteristics in the laboratory (Table 2).

TABLE 2. The chemical biological characteristics of biogas sludge.

Characteristics of biogas sludge Value

Chemical
pH 7.41
Chemical oxygen demand/COD (mg L) 4547.8
Biological oxygen demand/BOD (mg L™) 1127.5
Total-N (%) 0.051
Total-P (%) 0.0097
Available-P (%) 0.013
Total-K (%) 0.18
Organic-C (%) 0.14
Ca (%) 0.04
Mg (%) 0.04
Na (ppm) 44.41
Cu (%) 0.0001

Biological
Total nitrogen-fixing bacteria (CFU mL™?) 29.4x10°
Total phosphate solubilizing bacteria (CFU mL™) 7.0x10*

Treatments Application

This study used a Randomized Block Design within two factors and seven replications. The
first factor with the type of superior bacterial isolates at the similarly likewise dose, namely 10
mL polybag? (BO= un-treated; B1= nitrogen-fixing bacterial isolate (N3); B2= phosphate
solubilizing bacteria isolate (P7); B3= combination isolates N3+P7). The second factor was
dosage of biogas sludge (SO= untreated; S1= 157.5; S2= 315; S3= 630 mL polybag™). Each
replication was dismantled at 4, 8, and 12 Weeks After Isolate and Biogas Sludge Application

(WAIBSA) for determination Crop Growth Rate (CGR).

Parameters and Data Analysis
Variable observations were conducted by measuring the growth of upland rice (plant
height, total fresh and dry weight), total-N and available-P content in the shoots, total uptake-

N, and available-P. CGR were conducted on plants at 4-8, 8-12, and 12-16 WAIBSA. Each
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polybag from each treatment and replication was dismantled at the plants were 4, 8, 12, and 16
WAIBSA, then measured the plant height, the total fresh weight was conducted by weighing
the roots and shoots. The total dry weight was measured by oven at 60°C for 48 hours and
weighed by the analytical scales. A sample of the 2" leaf from the shoots was taken by 200 g
and analyzed for the total-N using the Kjeldahl method and available-P by the dry ashing
method through UV-Vis Spectrophotometer. The total-N and available-P absorption were
measured using equation (1). The CGR was calculated by the dry weight per unit area using

equation (2) (Shon et al., 1997):

Uptake nutrient= nutrient content in the shoots x total dry weight 1)
CGR= S =220 2)
At t2—-t1

Note:

CGR = crop growth rate

W1 = dry weight per unit area at t1
W2 = dry weight per unit area at t2
tl = first sampling

t2 = second sampling

The parameters of the second phase of the study were analyzed by ANOVA and if the treatment

had a significant effect, then continued by DMRT at P<0.05 with SPSS v.20 software.

Results and discussion

Plant height of upland rice (cm)

The effect of biogas sludge application was significant on the plant height of upland rice at 8,
12, and 16 WAIBSA. Superior bacterial isolates and their interactions had an insignificant

effect on the plant height of upland rice at 4, 8, 12, and 16 WAIBSA (Figure 1). A significant
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increase in plant height of upland rice along with increased doses of biogas sludge to 630 mL
polybag™at 8, 12, and 16 WAIBSA with the highest increase of 14.81% compared to the control
at 16 WAIBSA. Although the effect was insignificant, it was seen that the isolates combination
of B3 and the interaction of B2S3 showed the highest increase plant height of upland rice by

2.94% and 22.06%, respectively, compared to the control.
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FIGURE 1. Effect of superior bacterial isolates, dosage of biogas sludge, and their interactions
on plant height of upland rice at 4, 8, 12, and 16 WAIBSA. Values followed by the different
letter in the graph indicated significantly by DMRT at P<0.05. ns= not significantly. Dosage of
biogas sludge (S0= untreated; S1= 157.5; S2= 315; S3= 630 mL polybag™). Superior bacterial
isolates (BO= un-treated; B1= isolate N3, B2= isolate P7, B3= combination isolates N3+P7).

Biomass of upland rice (g)

The effect of biogas sludge significantly increased the total fresh weight of upland rice at 8, 12,
and 16 WAIBSA. Superior bacterial isolates and their interactions had an insignificant effect

on the total fresh weight of upland rice at 4-16 WAIBSA (Table 3).
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TABLE 3. Effect of superior bacterial isolates, biogas sludge, and their interactions on total

fresh weight of upland rice at 4, 8, 12, and 16 WAIBSA.

Total fresh weight + SE (g)

Treatments = \VAIBSA 8 WAIBSA 12 WAIBSA 16 WAIBSA
Superior bacterial isolates (B)
BO 4,15+0.21ns 169.31+8.90ns 215.27+8.42ns 229.82+8.94ns
B1 3.12+0.12ns 194.50+9.35ns 235.08+10.32 ns 252.02+10.22ns
B2 4.52+0.23ns 162.89+11.15ns 201.85+9.89ns 230.70+9.28ns
B3 3.3040.25ns 173.91+12.55ns 220.40+15.96ns 245.03+16.32ns
Biogas sludge (S)
S0 3.7240.24ns 144.07+9.37b 182.67+7.14b 197.56+6.58b
S1 3.58+0.27ns 153.41+7.93b 190.70+8.90b 215.65+7.03b
S2 3.64+0.27ns 199.68+10.30a 258.70+9.63a 280.15+9.25a
S3 4.15+0.25ns 203.45+1.36a 240.52+2.81a 264.21+2.42a
Interactions (BxS)
B0OSO 4.99+0.33ns 124.08+5.60ns 185.64+3.32ns 192.78+2.96ns
B0OS1 3.47+0.26ns 160.43+1.16ns 188.60+5.76ns 207.05%£3.97ns
B0S2 3.42+0.42ns 185.97+6.80ns 232.60+8.75ns 250.84+7.40ns
B0S3 4.71+0.42ns 206.76+5.49ns 254.23+10.27ns 268.61+8.85ns
B1S0 2.80+0.18ns 155.79+1.12ns 183.96+5.20ns 202.88+2.88ns
B1S1 3.74+0.29ns 174.82+9.01ns 227.91+6.38ns 236.60+6.32ns
B1S2 3.28+0.40ns 241.17+5.25ns 283.60+7.76ns 296.08+8.05ns
B1S3 2.67+0.22ns 206.20+7.23ns 244.85+6.26ns 272.52+4.34ns
B2S0 3.19+0.18ns 190.90+7.77ns 215.36+7.67ns 229.11+6.75ns
B2S1 4.85+0.38ns 106.74+13.42ns 143.16+13.02ns 179.61+10.36ns
B2S2 5.20+0.24ns 148.40+11.59ns 219.65+5.26ns 248.72+6.94ns
B2S3 4.82+0.45ns 205.53+10.50ns 229.21+16.57ns 265.34+9.58ns
B3SO0 3.91+0.30ns 105.53+3.94ns 145.72+1.96ns 165.45+1.11ns
B3S1 2.25+0.09ns 171.63+4.90ns 203.14+7.07ns 239.34+12.07ns
B3S2 2.66+0.14ns 223.17+7.84ns 298.95+1.51ns 324.94+3.03ns
B3S3 4.37+£0.07ns 195.31+6.77ns 233.79+8.40ns 250.38+8.16ns
CV (%) 56.09 29.68 26.31 20.78

Note: values followed by the different letter in the column indicated significantly by DMRT at
P<0.05+SE. ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2=
315; S3= 630 mL polybag™?). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2=
isolate P7, B3= combination isolates N3+P7).

A significant increase in total fresh weight of upland rice along with the increase in the dosage

of biogas sludge to 315 mL polybag™ at 16 WAIBSA with the highest increase by 41.81%

compared to the control. Although the effect was insignificant, it was seen that the B1 and the

interaction of B3S2 showed the highest increase in the total fresh weight of upland rice were

9.66% and 68.55%, respectively compared to the control.
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The effect of biogas sludge significantly increased the total dry weight of upland rice at 12 and
16 WAIBSA. Superior bacterial isolates and their interactions had an insignificant effect on the

total dry weight of upland rice at 4-16 WAIBSA (Table 4).

TABLE 4. Effect of superior bacterial isolates, biogas sludge, and their interactions on the total
dry weight of upland rice at 4, 8, 12, and 16 WAIBSA.

Total dry weight + SE (g)

Treatments =y AIBSA 8 WAIBSA 12 WAIBSA 16 WAIBSA
Superior bacterial isolates (B)
BO 1.38+0.06ns 48.01+1.29ns 73.60+3.99ns 82.52+4.18ns
Bl 1.13+0.05ns 54.09+2.41ns 76.83+2.66ns 99.72+4.15ns
B2 1.49+0.06ns 47.30+3.30ns 73.20£2.28ns 98.25+3.90ns
B3 1.15+0.07ns 52.32+3.39ns 77.18+4.90ns 98.47+4.56ns
Biogas sludge (S)
SO 1.26+0.06ns 45.51+2.63ns 62.88+2.19b 76.78+1.63c
S1 1.23+0.08ns 44.47+1.71ns 68.52+2.00ab 87.65+2.84bc
S2 1.26+0.08ns 55.36+3.43ns 85.69+1.08a 98.95+1.86b
S3 1.40+0.06ns 56.38+1.05ns 83.73+3.44a 115.59+2.11a
Interactions (BxS)
B0OSO 1.58+0.08ns 41.73+2.78ns 58.08+1.54ns 67.23+0.96ns
B0OS1 1.12+0.08ns 45.87+0.83ns 62.74+1.83ns 71.08+1.91ns
B0S2 1.20+0.12ns 52.25+2.07ns 81.39+5.48ns 88.28+5.02ns
B0S3 1.60+0.12ns 52.18+0.29ns 92.20+3.05ns 103.49+2.43ns
B1S0 0.97+0.04ns 46.64+1.39ns 69.53+4.90ns 80.30+4.51ns
B1S1 1.4040.07ns 48.13+2.78ns 78.91+0.53ns 96.23+1.50ns
B1S2 1.124+0.10ns 67.79+1.44ns 91.05+2.25ns 101.80+2.40ns
B1S3 1.02+0.08ns 53.81+3.76ns 67.84+1.77ns 120.54+2.15ns
B2S0 1.17+0.05ns 59.32+2.33ns 70.92+4.20ns 81.43+3.82ns
B2S1 1.54+0.10ns 34.47+2.16ns 61.69+1.97ns 89.84+1.41ns
B2S2 1.7340.05ns 37.37+3.74ns 83.10£1.19ns 105.46+1.37ns
B2S3 1.53+0.10ns 58.05+1.76ns 77.07+4.27ns 116.28+1.30ns
B3SO0 1.304+0.07ns 34.35+7.04ns 52.98+0.73ns 78.16+0.48ns
B3S1 0.85+0.03ns 49.40+0.08ns 70.72+1.29ns 93.44+2.19ns
B3S2 0.99+0.05ns 64.05+4.68ns 87.22+2.90ns 100.26+1.93ns
B3S3 1.44+0.02ns 61.48+2.47ns 97.80+0.77ns 122.04+0.20ns
CV (%) 43.80 31.22 26.54 18.38

Note: values followed by the different letter in the column indicated significantly by DMRT at
P<0.05+SE. ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2=
315; S3= 630 mL polybag™?). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2=
isolate P7, B3= combination isolates N3+P7).

A significant increase in total dry weight of upland rice along with the increase in the dosage

of biogas sludge to 630 mL polybag™ at 16 WAIBSA with the highest increase of 50.55%
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compared to the control. Although the effect was insignificant, it was seen that the B1 and the
interaction of B3S3 showed the highest increase in the total dry weight of upland rice were

20.84% and 81.53%, respectively compared to the control.

Content and uptake of total-N and available-P nutrient of upland rice

The effect of biogas sludge, superior bacterial isolates, and their interactions had an
insignificant effect on the nutrient content of total-N and available-P in upland rice. The effect
of biogas sludge significantly increased in the nutrient uptake of total-N and available-P.
Superior bacterial isolates significantly increased in the nutrient uptake of total-N. The
interaction of biogas sludge with superior bacterial isolates had an insignificant effect on the

nutrient uptake of total-N and available-P of upland rice (Figure 2).
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FIGURE 2. The effect of superior bacterial isolates, dosage of biogas sludge, and their
interactions in the content and uptake of total-N and available-P nutrient of upland rice. Values
followed by the different letter in graph indicated significantly by DMRT at P<0.05. ns= not
significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2= 315; S3= 630 mL
polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2= isolate P7, B3=
combination isolates N3+P7).
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A significant increase in the nutrient uptake of total-N and available-P in upland rice along with
the increase in the dose of biogas sludge to 630 mL polybag™ with the highest increase of
54.11% and 65.20%, respectively compared to the control. The superior bacterial isolates (B1-
B3) also significantly increased the nutrient uptake of total-N for upland rice with the highest
increase in the B2 by 20.77% compared to the control. Although the effect was insignificant, it
was seen that the B3 showed the highest increase in nutrient uptake of available-P in upland
rice was 19.93% compared to the control. Likewise, the interaction of B2S3 and B3S3 showed
the highest increase in nutrient uptake of total-N and available-P in upland rice by 80.04% and

79.41%, respectively, compared to the control.

The biogas sludge doses of 315 and 630 mL polybag™ (S2 and S3) explained that the nutrient
content of available-P and total-N in the plant tissue of upland rice were higher by 33.33% and
4.53%, respectively compared to the control. The B2 isolate showed the highest nutrient content
of total-N in the plant tissue of upland rice by 1.63% compared to the control, but all isolates
(B1-B3) showed a similar level of available-P in the plant tissue of upland rice with the control.
The interactions of B2S3 and B2S2 also showed the highest nutrient content of total-N and

available-P compared to other interactions.

Crop growth rate of upland rice
The effect of superior bacterial isolates, biogas sludge, and their interactions significantly
increased the crop growth rate of upland rice at 12 to 16 WAIBSA, but it had an insignificant

effect at 4-8 and 8-12 WAIBSA (Table 5).

The biogas sludge dose of 630 mL polybag™ (S3) significantly increased the highest crop
growth rate for upland rice at 12 to 16 WAIBSA by 129.44% compared to the control. The
ability of B1-B3 isolates significantly increased the crop growth rate of upland rice with the

highest increase in the B2 by 181.45% compared to the controls at 12 to 16 WAIBSA. The
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interaction of the B1S3 significantly increased the crop growth rate of upland rice by 5.76-folds

greater compared to the control.

TABLE 5. The effect of superior bacterial isolates, biogas sludge, and their interactions on the
crop growth rate of upland rice.

Superior bacterial Biogas sludge (S)
isolates (B) S0 st 2 S3 Average
4-8 WAIBSA
BO 1.434ns 1.598ns 1.823ns 1.806ns 1.665ns
Bl 1.631ns 1.669ns 2.381ns 1.885ns 1.892ns
B2 2.077ns 1.176ns 1.273ns 2.019ns 1.636ns
B3 1.180ns 1.734ns 2.252ns 2.144ns 1.828ns
Average 1.580ns 1.544ns 1.932ns 1.964ns CV=32.28%
8-12 WAIBSA
BO 0.584ns 0.602ns 1.041ns 1.430ns 0.914ns
B1 0.818ns 1.099ns 0.831ns 0.501ns 0.812ns
B2 0.414ns 0.972ns 1.633ns 0.679ns 0.925ns
B3 0.665ns 0.761ns 0.828ns 1.297ns 0.888ns
Average 0.620ns 0.859ns 1.083ns 0.977ns CV=56.17%
12-16 WAIBSA
BO 0.327fgh 0.298gh 0.246h 0.403b-h 0.318b
B1 0.385c¢-h 0.619a-h 0.384d-h 1.882a 0.817a
B2 0.375e-h 1.005a-h 0.798a-h 1.400a-h 0.895a
B3 0.899a-h 0.811a-h 0.466a-h 0.866a-h 0.761a
Average 0.496b 0.683b 0.474b 1.138a CV=51.07%

Note: values followed by the different letter in the column indicated significantly by DMRT at
P<0.05. ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2= 315;
S3=630 mL polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2= isolate
P7, B3= combination isolates N3+P7).

The effect of selected superior bacterial isolates

The selected superior bacterial isolates (N3 and P7) significantly increased the nutrient uptake
of total-N and crop growth rate of upland rice on ultisols at 12 to 16 WAIBSA, but it had an
insignificant effect on plant height, total fresh weight, total dry weight, nutrient content (total-
N and available-P) in leaf tissue, nutrient uptake of available-P, and crop growth rate of upland
rice at 4 to 8 and 8 to 12 WAIBSA. The superior bacterial isolates (N3, P7, and N3+P7) could

increase the nutrient uptake of total-N in upland rice by 14.64%, 20.77%, and 20.68%,

respectively compared to control (Figure 2). Similar results are also shown in Table 5, that the
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crop growth rate of upland rice at 12 to 16 WAIBSA due to selected superior bacterial isolates
(N3, P7, N3+P7) has increased by 2.57; 2.81; and 2.39-folds, respectively compared to the
control. The finding results indicated that the ability of a single isolate by P7 bacteria was
greater in increasing total-N and crop growth rate of upland rice compared to a single isolate
by N3 bacteria and a combination of N3+P7 bacterial isolates. It was due to the presence of
several organic acids and hormones produced by P7 that can increase the nutrient uptake of
total-N and crop growth rate of upland rice. This result was supported by Mustamu et al. (2021)
that the phosphate solubilizing bacteria isolate (P7) from the biogas sludge contains organic
acids produced such as lactic, oxalic, acetic, citric acids, and it had the highest ability to
solubilize phosphate from calcium triphosphate and rock phosphate was 4.62 and 2.66-folds,
respectively compared to the control. Meena et al. (2016) reported that the availability of
nitrogen and phosphorus slightly increased in the application of bio fertilization with Bacillus
cereus, it was due to the production of organic acids and other chemicals such as citric, tartaric,
and oxalic acids which can stimulate plant growth and nutrients availability. Youssef & Eissa
(2017) reported that the increase in vegetative growth and total biomass was due to increased
photosynthesis, translocation, and accumulation of nutrients. Khan et al. (2020) reported that
Bacillus cereus strain SAL can produce the hormones gibberellin, indole-acetic acid (IAA), and
organic acids. Ferrara et al. (2012) reported that the hormone gibberellin, 1AA, and other
hormones can increase plant growth under stressful conditions. Kang et al. (2014) said that
PGPB has several mechanisms to increase plant growth with nitrogen-fixation, phosphate
solubilizing, increasing nutrient availability. Suksong et al. (2016) reported that bacteria of
palm oil solid waste from anaerobic digester include: Ruminococcus sp., Thiomargarita sp.,
Clostridium sp. Anaerobacter sp., Bacillus sp., Sporobacterium sp., Saccharofermentans sp.,

Oscillibacter sp., Sporobacter sp., and Enterobacter sp. Liaquat et al. (2017) also reported that
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an abundance of Bacillus, Clostridium, and Enterobacter spp in anaerobic digester of

wastewater in producing biogas.

The effect of biogas sludge

The dose of biogas sludge significantly increased plant height, total fresh weight (8, 12, and 16
WAIBSA), total dry weight (12 and 16 WAIBSA), nutrient uptake (total-N and available-P),
and the crop growth rate of upland rice at 8 to 12 WAIBSA, but it had an insignificant effect
on nutrient content (total-N and available-P) in leaf tissue, and crop growth rate of upland rice
(4-8 and 8-12 WAIBSA). An increase in plant height, total dry weight, nutrient uptake of total-
N and available-P, and also crop growth rate of upland rice on ultisols along with the increase
in the dose of biogas sludge to 630 mL polybag™ at the end of this study (16 WAIBSA).
However, in contrast to the total fresh weight, an increase along with the increase in the biogas
sludge dose to 315 mL polybag™ then decreased at the dose of 630 mL polybag™. It was caused
the biogas sludge had chemical characteristics such as pH (7.41), total-N (0.051%), available-
P (0.013%), organic-C (0.14%), total-K (0.18%), and biological characteristics such as total
nitrogen-fixing bacteria (29.4x10° CFU mL™) and total phosphate solubilizing bacteria
(7.0x10* CFU mL™?) (Table 2). C-organic content and the total population of nitrogen-fixing
and phosphate solubilizing bacteria from the biogas sludge could be increased the nutrient
uptake of total-N and available-P in upland rice along with increasing the dose of biogas sludge
to 630 mL polybag™ (Figure 2). Therefore, the nutrients absorbed are used for plant metabolic
processes and stimulate the growth of plant height, biomass, and crop growth rate of upland
rice. A similar result was reported by Mustamu & Triyanto (2020) that the macro and
micronutrients from the biogas sludge and also had the population of nitrogen-fixing and
phosphate solubilizing bacteria by 480x10* and 42x10* CFU mL™, respectively. Ndubuisi-

Nnaji et al. (2020) reported that total phosphate solubilizing bacteria (1.6 to 2.5 CFU mL™?) was
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significantly higher compared to nitrogen-fixing bacteria (0.5-1.4 CFU mL™) and a significant
increase in nutrient concentration in the order of N>K>P>Ca>Mg>S in all anaerobic digester
bioreactors. Moller & Miiller (2012) reported that an increase in concentrations of NH4™-N

ranged from 45 to 80% after anaerobic waste.

The interaction effect of selected superior bacterial isolates and biogas sludge

The interaction of biogas sludge and superior bacterial isolates only significantly increased the
crop growth rate of upland rice on ultisols at 8 to 12 WAIBSA, but it had an insignificant effect
on other parameters in this study. The interaction of NFB Bacillus paramycoides with biogas
sludge at the dose of 630 mL polybag™ (B1S3) showed the highest crop growth rate of upland
rice compared to other interactions and 5.76-folds greater compared to the control. It was caused
by the application of biogas sludge could be increased soil organic matter and the total
population of beneficial bacteria. Likewise, the characteristics of the biogas sludge had the
organic-C was 0.14%, total nitrogen-fixing bacteria was 29.4x10° CFU mL?, and total
phosphate solubilizing bacteria was 7.0x10* CFU mL™ (Table 2) could improve soil quality
and support the crop growth rate. This result is supported by Urra et al. (2019) that the
application of sewage sludge in the long-term significantly increases the organic matter in the
soil, which causes a decrease in soil pH due to the nitrification of ammonium in sewage sludge
and the production of organic acids along with the decomposition of organic matter. Bhardwaj
et al. (2014); Carvajal-Mufioz et al. (2012) reported that the application of biofertilizer had
advantages in the plant such as availability of nutrients that are balanced for plant health,
stimulating nutrient mobilization that can increase soil biological activity, availability of
microbial food to encourage the growth of beneficial microorganisms, increasing the soil
organic matter content thereby increasing the cation exchange capacity. Siswanti & Lestari

(2019) reported that the interaction of biogas sludge+biofertilizer (36 mL+10 L ha?)
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significantly increased the plant height, number of leaves, and capcaisin content in chili

compared to a single treatment of biogas sludge and biofertilizer.

Conclusions

The isolates of N3, P7, N3+P7 from the biogas sludge significantly increased the nutrient uptake
of total-N and crop growth rate of upland rice on ultisols with the highest increase found in the
P7 isolate of 20.77% and 2.81-folds, respectively. The dose of biogas sludge significantly
increased plant height, total dry weight, nutrient uptake of total-N and available-P, and also
crop growth rate of upland rice on ultisols with the highest increase at a dose of 630 mL polybag"
! by 14.81%; 50.55%; 54.11%; 65.20%; and 129.44%, respectively. Likewise, the dose of
biogas sludge significantly increased the total fresh weight of upland rice with the highest
increase at the dose of 315 mL polybag™ by 41.81%. The interaction of isolates N3, P7, N3+P7
with the dose of biogas sludge only significantly increased the crop growth rate of upland rice

on ultisols with the highest increase found in the B1S3 by 5.76-folds.
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ABSTRACT

The investigation evaluated the influence of selected superior bacterial isolates (SBI), biogas
sludge, and their interactions on growth, biomass, and nutrient uptake in upland rice in ultisols.
This study used a Randomized Block Design within two factors and seven replications from
October 2020 until April 2021. The first factor used selected SBI (BO= untreated, B1= nitrogen-
fixing bacteria isolate (N3), B2= phosphate solubilizing bacteria isolate (P7), B3= isolates
combination (N3+P7). The second factor was dosage of biogas sludge (SO= untreated, S1=
157.5; S2= 315; S3= 630 mL polybag™). The parameters were determined by ANOVA and
followed by Duncan's multiple range test (DMRT) at P< 0.05. The results showed that the P7

isolate significantly increased total-N uptake and the highest crop growth rate (CGR) of upland


mailto:nemustamu@gmail.com

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

rice by 20.77% and 2.81-times, respectively. Biogas sludge dosage from 315 to 630 mL
polybag™? significantly increased plant height, uptake of total-N and available-P, total fresh and
dry weight, and CGR of upland rice. The interaction of N3 with biogas sludge dosage of 630
mL polybag™? significantly increased the CGR of upland rice. The application of N3 and P7
isolates and their combination within biogas sludge of 630 mL polybag? has the potential to

archive the CGR of upland rice in acidic soils.

Keywords: acidic soil, crop growth rate, dosage, sludge potential, upland rice.

RESUMEN

La investigacion evalué la influencia de aislados bacterianos superiores seleccionados (ABS),
lodos de biogas y sus interacciones en el crecimiento, la biomasa y la absorcion de nutrientes
en el arroz de tierras altas en ultisoles. Este estudio utilizé un Disefio de Bloques Aleatorizados
dentro de dos factores y siete repeticiones desde octubre de 2020 hasta abril de 2021. EI primer
factor utilizado seleccion6 ABS (BO=sin tratar, B1 = aislado de bacterias fijadoras de nitrégeno
(N3), B2= aislado de bacterias solubilizantes de fosfato (P7), B3= combinacion de aislados
(N3+P7). El segundo factor fue la dosificacion del lodo de biogas (SO= sin tratar, S1= 157,5;
S2= 315; S3= 630 mL de polybag™). Los parametros fueron determinados por ANOVA y
seguidos de la prueba de rangos multiples de Duncan (DMRT) en P< 0,05. Los resultados
mostraron que el aislado P7 aumento significativamente la captacion total de N y la mayor tasa
de crecimiento del cultivo (TCC) de arroz de tierras altas en 20.77% y 2.81-veces,
respectivamente. La dosificacion de fangos de biogas de 315 a 630 mL de polybag™ aumentd
significativamente la altura de la planta, la absorcion de N total y P disponible, el peso fresco y
seco total y el TCC de arroz de tierras altas. La interaccion de N3 con la dosificacion de lodo

de biogas de 630 mL de polybag™ aumento significativamente el TCC del arroz de tierras altas.
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La aplicacion de aislamientos de N3 y P7 y su combinacion dentro de lodos de biogés de 630
mL de polybag™ tiene el potencial de archivar el TCC de arroz de tierras altas en suelos acidos.
Palavras-chave: arroz de tierras altas, dosis, potencial de lodo, suelo &cido, tasa de crecimiento

de los cultivos.

Introduction

Biogas sludge is the waste by-product installation from an anaerobic processing system (Food
and Agriculture Organization, 1997) and has a high nutrient content that can be used as organic
fertilizer to increase soil fertility and plant yield (Adela et al., 2014). It has been reported that
the characteristics of biogas sludge from palm oil waste such as total-N of 490 mg L?; total-P
by 110 mg L?; and K was 1.9 mg L (Lubis et al., 2014), C/N 8; 0.14% N, 1.12% C (Tepsour
et al., 2019), NHs-N ranged by 91 to 112 mg L (Choorit & Wisarnwan, 2007), pH ranged by
6.8 to 8.3; and the highest bacterial populations was 7.21x10" cells per mL and the lowest was
3.15x10 cells per mL (Alvionita et al., 2019). Mustamu & Triyanto (2020) also reported that
the biogas sludge has nitrogen-fixing and phosphate solubilizing which have the potential to

availability of nitrogen and phosphate in the soil.

The diversity of beneficial bacteria such as nitrogen-fixing and phosphate solubilizing has
greater potential in increasing soil fertility and plant growth. Zhang et al. (2013) reported that
phosphate solubilizing bacteria play an important role in increasing soil fertility, plant yield,
and reducing the use of chemical fertilizers. Sharma et al. (2013) described that the Bacillus
genera such as B. circulans, B. cereus, B. fusiformis, B. pumilus, B. megaterium, B. mycoides,
B. coagulans, B. chitinolyticus, B. subtilis have been reported as phosphate solubilizing.
Ambrosini et al. (2016) reported that Bacillus cereus showed the highest nitrogenase activity

among 42 different strains of Bacillus spp. Lim et al. (2018) also reported the dominant bacteria
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found in the biogas sludge from anaerobic processing using the pyrosequencing and clone

library methods, i.e. Proteobacteria, Firmicutes, Bacteroidetes, and Thermotogae.

The bacteria from biogas sludge has never been reported in Indonesia on the application of
bacterial isolates from biogas sludge in improving upland rice growth on acidic soils. Thus, it
IS necessary to test the potential of beneficial bacterial isolates from biogas sludge in increasing
the availability of nitrogen, phosphate, and the response to the growth of upland rice due to the
biogas sludge and selected isolate in ultisols. The study was aimed to evaluated the influence
of selected superior bacterial isolates, biogas sludge, and their interaction on the nutrition of

upland rice in ultisols.

Materials and methods

Study area

The concentration of total-N and available-P in ultisols and the plant tissue were analyzed in
the Analytical Laboratory of PT. Socfin Indonesia, Medan. The bacterial isolates were applied
to upland rice in Padang Bulan Village (3°37.760'N; 98°38.898'E; altitude 18 m above sea
level), Medan Selayang Subdistrict, Medan City, North Sumatra, Indonesia from October 2020
to April 2021. Furthermore the average humidity was 82%, temperature was 27.4°C and the

average rainfall was recorded 228.5 mm by month.

Preparation of medium and upland rice seeds

The medium used ultisols order from Simalingkar area, Medan Tuntungan Subdistrict, Medan
City with a depth of 0 to 20 cm. 100 g of soil samples were taken and analyzed for chemical
characteristics such as pH using HCI 25% method with spectrophotometer, organic-C by
Walkley-Black method with spectrophotometer, available-P by Bray-1l method with
spectrophotometer, total-N using Kjeldahl method with spectrophotometer, Cation Exchange

Capacity (CEC) and base saturation (K, Ca, Na, Mg) by ammonium acetate pH 7 method with
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atomic absorption spectrophotometry (Tab. 1). The soil was sterilized by burning at 100°C for
2 hours. After being incubated for 1 day, the soil was put into a polybag with a size of 10 kg. A
basic fertilizer of NPK Mutiara at a dose of 300 kg ha™ was given by stirring evenly with the
soil. Concurrently, the seeds of upland rice used was inbred variety of Inpago-8 then soaked in
water for 24 hours and followed by a propineb fungicide (70%) for 2 hours. Upland rice was

planted after one day of basic fertilization with two seeds per polybag at a depth of 2 cm.

TABLE 1. The chemical characteristics of sterile ultisols.

Chemical characteristics Value Category”
Soil pH (H20) 4.80 Acid
Organic-C (%) 0.44 Very low
Total-N (%) 0.04 Very low
Available-P (mg kg™?) 870.25 Very high
CEC (me/100 g) 28.31 High
Base saturation (%) 4.85 Very low
Exchangeable cations
K (me/100 g) 0.60 High
Ca (me/100 g) 0.34 Very low
Mg (me/100 g) 0.32 Very low
Na (me/100 g) 0.09 Very low
Al (%) 0.02 Very low

Source: *Criteria for pH H.O= 4.5-5.5 (acid); organik-C <1% (very low); total-N <0,1% (very
low); available-P >60 mg kg (very high); CEC= 25-40 me/100 g (high); base saturation <20%
(very low); exchangeable-K= 0.60-1.00 me/100 g (high); exchangeable-Ca <2 me/100 g (very
low); exchangeable-Mg <0.4 me/100 g (very low); exchangeable-Na <0.1 me/100 g (very low);
exchangeable-Al <5% (very low) (Soil Research Institute, 2009).

Preparation of superior bacterial isolates suspension and biogas sludge

The selected superior bacterial isolates used phosphate solubilizing bacteria (P7) which has
been confirmed by Mustamu et al. (2021a) and nitrogen-fixing bacteria or N3 (Mustamu et al.,
2021b). The isolates were grown on NB medium, and incubated for 48 h. The bacteria growth
in the solution was measured using spectrophotometer with a density of 108 cells per mL. 10

mL was taken from solution containing nitrogen-fixing bacteria (N3) and phosphate

solubilizing (P7).
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The biogas sludge was taken from the digester tank at the palm oil mill of PT. Nubika Jaya,
Pinang City, Labuhanbatu District, North Sumatra Province, Indonesia. Bacterial isolate and
biogas sludge were applied to the soil surface at the plants were one week after planting (WAP).
Biogas sludge samples were taken 500 mL then analyzed the chemical and biological

characteristics in the laboratory (Tab. 2).

TABLE 2. The chemical biological characteristics of biogas sludge.

Characteristics of biogas sludge Method Value
Chemical
pH Electrometry 7.41
Chemical oxygen demand/COD (mg L) Spectrophotometry 4547.8
Biological oxygen demand/BOD (mg L™?) Titrimetry 1127.5
Total-N (%) Spectrophotometry 0.051
Total-P (%) Spectrophotometry 0.0097
Available-P (%) Spectrophotometry 0.013
Total-K (%) Graphite furnace-AAS 0.18
Organic-C (%) Atomic absorption 0.14
spectrophotometry (AAS)
Ca (%) Graphite furnace-AAS 0.04
Mg (%) Graphite furnace-AAS 0.04
Na (ppm) Graphite furnace-AAS 44.41
Cu (%) AAS 0.0001
Biological
Total nitrogen-fixing bacteria (CFU mL™) Plate count 29.4x10°
Total phosphate solubilizing bacteria (CFU mL™?) Plate count 7.0x10*

Treatments application

This study used a Randomized Block Design within two factors and seven replications. The
first factor was the type of superior bacterial isolates (BO= un-treated; B1= nitrogen-fixing
bacterial isolate (N3); B2= phosphate solubilizing bacteria isolate (P7); B3= combination
isolates N3+P7) at the similar dose, namely 10 mL polybag™. The second factor was dosage of
biogas sludge (SO= untreated; S1= 157.5; S2= 315; S3= 630 mL polybag™). Determination of
biogas sludge based on the dose of liquid organic fertilizer at the oil palm was 126 m® ha* equal

to 126,000 L ha* (Sutarta et al., 2003) then converted to soil weight per polybag (equation 1).



136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

Each replication was disassembled at 4, 8, and 12 Weeks After Isolate and Biogas Sludge
Application (WAIBSA) for determination Crop Growth Rate (CGR).

The doseof liquid organic fertilizer per ha
soil weight per ha

Biogas sludge = x soil weight per polybag (1)

126,000 L ha'*
= 2,000,000 kg ha® * 10 kg =630ml

Parameters and data analysis

Variable observations were conducted by measuring the growth of upland rice (plant
height, total fresh and dry weight), total-N and available-P content in the shoots, total uptake-
N, and available-P. CGR were conducted on plants at 4-8, 8-12, and 12-16 WAIBSA. Each
polybag from each treatment and replication was disassembled at the plants were 4, 8, 12, and
16 WAIBSA, then measured the plant height, the total fresh weight was conducted by weighing
the roots and shoots. The total dry weight was measured by oven at 60°C for 48 hours and
weighed by the analytical scales. A sample of the second leaf from the shoots was taken by 200
g and analyzed for the total-N using the Kjeldahl method and available-P by the dry ashing
method through UV-Vis Spectrophotometer. The total-N and available-P absorption were
measured using equation (2). The CGR was calculated by the dry weight per unit area using
equation (3) (Shon et al., 1997):

Uptake nutrient= nutrient content in the shoots x total dry weight (2)

CGR= é!! — W2-W1

At t2—-t1

3)
Note:

CGR = crop growth rate

w1 = dry weight per unit area at t1
W2 = dry weight per unit area at t2
t1 = first sampling

t2 = second sampling
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The parameters of the second phase of the study were analyzed by ANOVA and if the treatment
had a significant effect, then continued by Duncan's multiple range test (DMRT) at P<0.05 with

SPSS v.20 software.

Results

Effect of bacterial isolates and biogas sludge on upland rice growth

Plant height of upland rice (cm)

The effect of biogas sludge application was significant on the plant height of upland rice at 8,
12, and 16 WAIBSA. Superior bacterial isolates and their interactions had an insignificant
effect on the plant height of upland rice at 4, 8, 12, and 16 WAIBSA (Fig. 1). A significant
increase in plant height of upland rice along with increased doses of biogas sludge to 630 mL
polybag™ at 8, 12, and 16 WAIBSA with the highest increase of 14.81% compared to the control
at 16 WAIBSA. Although the effect was insignificant, it was seen that the isolates combination
of B3 and the interaction of B2S3 showed the highest increase plant height of upland rice by

2.94% and 22.06%, respectively, compared to the control.

Plamt Meight (om)
Plawt Hetght (vn)

4 WAIBSA SWAIBSA 12 WAIBSA 16 WALBSA 4WAIBSA SWAIBSA 12 WAIBSA 16 WaIBSA

=4 WAIBSA a5 WAIBSA #12 WAIBSA =16 WAIBSA

Plant Hedght (cm)

BOSO BOS1 BOS2 3 B1S0 BiS1 B1S2 BIS3 B1s0 BIS) B2S2 B2S3 Biso B3S1 352 B3s3
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FIGURE 1. Effect of superior bacterial isolates, dosage of biogas sludge, and their interactions
on plant height of upland rice at 4, 8, 12, and 16 WAIBSA. Values followed by the different
letter in the graph indicated significantly by DMRT at P<0.05. ns= not significantly. Dosage of
biogas sludge (S0= untreated; S1= 157.5; S2= 315; S3= 630 mL polybag™). Superior bacterial
isolates (BO= un-treated; B1= isolate N3, B2= isolate P7, B3= combination isolates N3+P7).
Biomass of upland rice (g)

The effect of biogas sludge significantly increased the total fresh weight of upland rice at 8, 12,
and 16 WAIBSA. Superior bacterial isolates and their interactions had an insignificant effect
on the total fresh weight of upland rice at 4-16 WAIBSA (Tab. 3).

TABLE 3. Effect of superior bacterial isolates, biogas sludge, and their interactions on total
fresh weight of upland rice at 4, 8, 12, and 16 WAIBSA.

Total fresh weight + SE (g)

Treatments — v |BSA 8 WAIBSA 12 WAIBSA 16 WAIBSA
Superior bacterial isolates (B)
BO 4.15+0.21 169.31+8.90 215.27+8.42 229.82+8.94
B1 3.1240.12 194.50+9.35 235.08+10.32 252.02+10.22
B2 4.52+0.23 162.89+11.15 201.85+9.89 230.70+9.28
B3 3.30+0.25 173.91+12.55 220.40+15.96 245.03+16.32
Biogas sludge (S)
S0 3.72+0.24 144.0749.37 b 182.67+7.14 b 197.56+6.58 b
s1 3.58+0.27 153.4147.93 b 190.70+8.90 b 215.65+7.03 b
2 3.64+0.27 199.68+10.30 a 258.70+9.63 a 280.15+9.25 a
S3 4.15+0.25 203.45+1.36 a 240.52+2.81 a 264.21+2.42 a
Interactions (BxS)
BOSO 4.99+0.33 124.08+5.60 185.64+3.32 192.78+2.96
BOS1 3.47+0.26 160.43+1.16 188.60+5.76 207.05+3.97
BOS2 3.42+0.42 185.97+6.80 232.60+8.75 250.84+7.40
BOS3 4.7140.42 206.76+5.49 254.23+10.27 268.61+8.85
B1S0 2.80+0.18 155.79+1.12 183.96+5.20 202.88+2.88
B1S1 3.74+0.29 174.82+9.01 227.91+6.38 236.60+6.32
B1S2 3.28+0.40 241.17+5.25 283.60+7.76 296.08+8.05
B1S3 2.67+0.22 206.20+7.23 244.85+6.26 272.52+4.34
B2S0 3.19+0.18 190.90+7.77 215.36+7.67 229.1146.75
B2S1 4.85+0.38 106.74+13.42 143.16+13.02 179.61+10.36
B2S2 5.20+0.24 148.40+11.59 219.65+5.26 248.72+6.94
B2S3 4.82+0.45 205.53+10.50 229.21+16.57 265.34+9.58
B3S0 3.91+0.30 105.53+3.94 145.72+1.96 165.45+1.11
B3S1 2.25+0.09 171.63+4.90 203.14+7.07 239.34+12.07
B3S2 2.66+0.14 223.17+7.84 298.95+1.51 324.94%3.03
B3S3 4.37+0.07 195.3146.77 233.79+8.40 250.38+8.16
CV (%) 56.09 29.68 26.31 20.78
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Note: values followed by the different letter in the column indicated significantly by DMRT at
P<0.05+SE. ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2=
315; S3= 630 mL polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2=
isolate P7, B3= combination isolates N3+P7).

A significant increase in total fresh weight of upland rice along with the increase in the dosage
of biogas sludge to 315 mL polybag? at 16 WAIBSA with the highest increase by 41.81%
compared to the control. Although the effect was insignificant, it was seen that the B1 and the

interaction of B3S2 showed the highest increase in the total fresh weight of upland rice were

9.66% and 68.55%, respectively compared to the control.

The effect of biogas sludge significantly increased the total dry weight of upland rice at 12 and
16 WAIBSA. Superior bacterial isolates and their interactions had an insignificant effect on the

total dry weight of upland rice at 4-16 WAIBSA (Tab. 4).

TABLE 4. Effect of superior bacterial isolates, biogas sludge, and their interactions on the total
dry weight of upland rice at 4, 8, 12, and 16 WAIBSA.

Total dry weight + SE (g)

Treatments —\wAIBSA 8 WAIBSA 12 WAIBSA 16 WAIBSA
Superior bacterial isolates (B)
BO 1.38+0.06 48.01+1.29 73.60+3.99 82.52+4.18
Bl 1.13+0.05 54.09+2.41 76.83+2.66 99.72+4.15
B2 1.49+0.06 47.30+3.30 73.20+2.28 98.25+3.90
B3 1.15+0.07 52.32+3.39 77.18+4.90 98.47+4.56
Biogas sludge (S)
SO 1.26+0.06 45.51+2.63 62.88+2.19 b 76.78+1.63 C
S1 1.23+0.08 4447171 68.52+2.00 ab 87.65+2.84 bc
S2 1.26+0.08 55.36+3.43 85.69+1.08 a 98.95+1.86 b
S3 1.40+0.06 56.38+1.05 83.73+3.44 a 11559+2.11 a
Interactions (BxS)
B0OSO 1.58+0.08 41.73+2.78 58.08+1.54 67.23+0.96
BOS1 1.12+0.08 45.87+0.83 62.74+1.83 71.08+1.91
B0S2 1.20£0.12 52.25+2.07 81.39+5.48 88.28+5.02
B0OS3 1.60£0.12 52.18+0.29 92.20+3.05 103.49+2.43
B1S0 0.97+0.04 46.64+1.39 69.53+4.90 80.30+4.51
B1S1 1.40£0.07 48.13+2.78 78.91+0.53 96.23+1.50
B1S2 1.12+0.10 67.79+1.44 91.05+2.25 101.80+2.40
B1S3 1.02+0.08 53.81+3.76 67.84+1.77 120.54+2.15
B2S0 1.1740.05 59.32+2.33 70.92+4.20 81.43+3.82
B2S1 1.54+0.10 34.47+2.16 61.69+1.97 89.84+1.41
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B2S2 1.73+0.05 37.37+£3.74 83.10+1.19 105.46+1.37
B2S3 1.53+0.10 58.05+1.76 77.07+4.27 116.28+1.30
B3SO 1.30+0.07 34.35+7.04 52.98+0.73 78.16+0.48
B3S1 0.85+0.03 49.40+0.08 70.72+1.29 93.44+2.19
B3S2 0.99+0.05 64.05+4.68 87.22+2.90 100.26+1.93
B3S3 1.44+0.02 61.48+2.47 97.80+0.77 122.04+0.20
CV (%) 43.80 31.22 26.54 18.38

Note: values followed by the different letter in the column indicated significantly by DMRT at
P<0.05£SE. ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2=
315; S3= 630 mL polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2=
isolate P7, B3= combination isolates N3+P7).

A significant increase in total dry weight of upland rice along with the increase in the dosage
of biogas sludge to 630 mL polybag® at 16 WAIBSA with the highest increase of 50.55%
compared to the control. Although the effect was insignificant, it was seen that the B1 and the

interaction of B3S3 showed the highest increase in the total dry weight of upland rice were

20.84% and 81.53%, respectively compared to the control.

Crop growth rate of upland rice
The effect of superior bacterial isolates, biogas sludge, and their interactions significantly
increased the crop growth rate of upland rice at 12 to 16 WAIBSA, but it had an insignificant

effect at 4-8 and 8-12 WAIBSA (Tab. 5).

TABLE 5. The effect of superior bacterial isolates, biogas sludge, and their interactions on the
crop growth rate of upland rice.

Superior bacterial Biogas sludge (S)

isolates (B) S0 s1 s2 s3 Average

4-8 WAIBSA

BO 1.434 1.598 1.823 1.806 1.665

B1 1.631 1.669 2.381 1.885 1.892

B2 2.077 1.176 1.273 2.019 1.636

B3 1.180 1.734 2.252 2.144 1.828

Average 1.580 1.544 1.932 1.964 CV=32.28%

8-12 WAIBSA

BO 0.584 0.602 1.041 1.430 0.914

B1 0.818 1.099 0.831 0.501 0.812

B2 0.414 0.972 1.633 0.679 0.925

B3 0.665 0.761 0.828 1.297 0.888
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Average 0.620 0.859 1.083 0.977 CV=56.17%
12-16 WAIBSA
BO 0.327 fgh  0.298 gh 0.246 h 0.403b-h 0.318b
B1 0.385c-h  0.619a-h  0.384 d-h 1.882a 0.817 a
B2 0.375e-h  1.005a-h  0.798 a-h 1.400a-h 0.895 a
B3 0.899a-h 0.811a-h  0.466 a-h 0.866a-h 0.761 a
Average 0.496 b 0.683 b 0.474 b 1.138 a CV=51.07%

Note: values followed by the different letter in the column indicated significantly by DMRT at
P<0.05. ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2= 315;
S3=630 mL polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2= isolate
P7, B3= combination isolates N3+P7).

The biogas sludge dose of 630 mL polybag? (S3) significantly increased the highest crop
growth rate for upland rice at 12 to 16 WAIBSA by 129.44% compared to the control. The
ability of B1-B3 isolates significantly increased the crop growth rate of upland rice with the
highest increase in the B2 by 181.45% compared to the controls at 12 to 16 WAIBSA. The

interaction of the B1S3 significantly increased the crop growth rate of upland rice by 5.76-times

greater compared to the control.

Effect of bacterial isolates and biogas sludge on upland rice nutrition

Content of total-N and available-P nutrient of upland rice

The effect of biogas sludge, superior bacterial isolates, and their interactions had an
insignificant effect on the nutrient content of total-N and available-P in upland rice (Fig. 2).
The biogas sludge doses of 315 and 630 mL polybag™ (S2 and S3) explained that the nutrient
content of available-P and total-N in the plant tissue of upland rice were higher by 33.33% and
4.53%, respectively compared to the control. The B2 isolate showed the highest nutrient content
of total-N in the plant tissue of upland rice by 1.63% compared to the control, but all isolates

(B1-B3) showed a similar level of available-P in the plant tissue of upland rice with the control.

Uptake of total-N and available-P nutrient of upland rice
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The effect of biogas sludge significantly increased in the nutrient uptake of total-N and
available-P. Superior bacterial isolates significantly increased in the nutrient uptake of total-N.
The interaction of biogas sludge with superior bacterial isolates had an insignificant effect on

the nutrient uptake of total-N and available-P of upland rice (Fig. 2).
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FIGURE 2. The effect of superior bacterial isolates, dosage of biogas sludge, and their
interactions in the content and uptake of total-N and available-P nutrient of upland rice. Values
followed by the different letter in graph indicated significantly by DMRT at P<0.05. ns= not
significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2= 315; S3= 630 mL
polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2= isolate P7, B3=
combination isolates N3+P7).

A significant increase in the nutrient uptake of total-N and available-P in upland rice along with
the increase in the dose of biogas sludge to 630 mL polybag™ with the highest increase of
54.11% and 65.20%, respectively compared to the control. The superior bacterial isolates (B1-
B3) also significantly increased the nutrient uptake of total-N for upland rice with the highest

increase in the B2 by 20.77% compared to the control. Although the effect was insignificant, it
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was seen that the B3 showed the highest increase in nutrient uptake of available-P in upland

rice was 19.93% compared to the control.

Discussion

The effect of selected superior bacterial isolates

The selected superior bacterial isolates (N3 and P7) significantly increased the nutrient uptake
of total-N and crop growth rate of upland rice on ultisols at 12 to 16 WAIBSA, but it had an
insignificant effect on plant height, total fresh weight, total dry weight, nutrient content (total-
N and available-P) in leaf tissue, nutrient uptake of available-P, and crop growth rate of upland
rice at 4 to 8 and 8 to 12 WAIBSA. The superior bacterial isolates (N3, P7, and N3+P7) could
increase the nutrient uptake of total-N in upland rice by 14.64%, 20.77%, and 20.68%,
respectively compared to control (Fig. 2). Similar results are also shown in Table 5, that the
crop growth rate of upland rice at 12 to 16 WAIBSA due to selected superior bacterial isolates
(N3, P7, N3+P7) has increased by 2.57; 2.81; and 2.39-times, respectively compared to the
control. The finding results indicated that the ability of a single isolate by P7 bacteria was
greater in increasing total-N and crop growth rate of upland rice compared to a single isolate
by N3 bacteria and a combination of N3+P7 bacterial isolates. It was due to the presence of
several organic acids and hormones produced by P7 that can increase the nutrient uptake of
total-N and crop growth rate of upland rice. This result was supported by Mustamu et al. (2021)
that the phosphate solubilizing bacteria isolate (P7) from the biogas sludge contains organic
acids produced such as lactic, oxalic, acetic, citric acids, and it had the highest ability to
solubilize phosphate from calcium triphosphate and rock phosphate was 4.62 and 2.66-times,
respectively compared to the control. Meena et al. (2016) reported that the availability of
nitrogen and phosphorus slightly increased in the application of bio fertilization with Bacillus

cereus, it was due to the production of organic acids and other chemicals such as citric, tartaric,
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and oxalic acids which can stimulate plant growth and nutrients availability. Youssef and Eissa
(2017) reported that the increase in vegetative growth and total biomass was due to increased
photosynthesis, translocation, and accumulation of nutrients. Khan et al. (2020) reported that
Bacillus cereus strain SA1 can produce the hormones gibberellin, indole-acetic acid (IAA), and
organic acids. Ferrara et al. (2012) reported that the hormone gibberellin, 1AA, and other
hormones can increase plant growth under stressful conditions. Kang et al. (2014) said that
PGPB has several mechanisms to increase plant growth with nitrogen-fixation, phosphate
solubilizing, increasing nutrient availability. Suksong et al. (2016) reported that bacteria of
palm oil solid waste from anaerobic digester include: Ruminococcus sp., Thiomargarita sp.,
Clostridium sp. Anaerobacter sp., Bacillus sp., Sporobacterium sp., Saccharofermentans sp.,
Oscillibacter sp., Sporobacter sp., and Enterobacter sp. Liaquat et al. (2017) also reported that
an abundance of Bacillus, Clostridium, and Enterobacter spp in anaerobic digester of

wastewater in producing biogas.

The effect of biogas sludge

The dose of biogas sludge significantly increased plant height, total fresh weight (8, 12, and 16
WAIBSA), total dry weight (12 and 16 WAIBSA), nutrient uptake (total-N and available-P),
and the crop growth rate of upland rice at 8 to 12 WAIBSA, but it had an insignificant effect
on nutrient content (total-N and available-P) in leaf tissue, and crop growth rate of upland rice
(4-8 and 8-12 WAIBSA). An increase in plant height, total dry weight, nutrient uptake of total-
N and available-P, and also crop growth rate of upland rice on ultisols along with the increase
in the dose of biogas sludge to 630 mL polybag™ at the end of this study (16 WAIBSA).
However, in contrast to the total fresh weight, an increase along with the increase in the biogas
sludge dose to 315 mL polybag™ then decreased at the dose of 630 mL polybag™. It was caused

the biogas sludge had chemical characteristics such as pH (7.41), total-N (0.051%), available-
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P (0.013%), organic-C (0.14%), total-K (0.18%), and biological characteristics such as total
nitrogen-fixing bacteria (29.4x10° CFU mL?) and total phosphate solubilizing bacteria
(7.0x10* CFU mL™?) (Table 2). C-organic content and the total population of nitrogen-fixing
and phosphate solubilizing bacteria from the biogas sludge could be increased the nutrient
uptake of total-N and available-P in upland rice along with increasing the dose of biogas sludge
to 630 mL polybag™ (Fig. 2). Therefore, the nutrients absorbed are used for plant metabolic
processes and stimulate the growth of plant height, biomass, and crop growth rate of upland
rice. A similar result was reported by Mustamu and Triyanto (2020) that the macro and
micronutrients from the biogas sludge and also had the population of nitrogen-fixing and
phosphate solubilizing bacteria by 480x10* and 42x10* CFU mL™, respectively. Ndubuisi-
Nnaji et al. (2020) reported that total phosphate solubilizing bacteria (1.6 to 2.5 CFU mL1) was
significantly higher compared to nitrogen-fixing bacteria (0.5-1.4 CFU mL?) and a significant
increase in nutrient concentration in the order of N>K>P>Ca>Mg>S in all anaerobic digester
bioreactors. Mdller and Miller (2012) reported that an increase in concentrations of NH4"™-N

ranged from 45 to 80% after anaerobic waste.

The interaction effect of selected superior bacterial isolates and biogas sludge

The interaction of biogas sludge and superior bacterial isolates only significantly increased the
crop growth rate of upland rice on ultisols at 12-16 WAIBSA, but it had an insignificant effect
on other parameters in this study. The interaction of NFB Bacillus paramycoides with biogas
sludge at the dose of 630 mL polybag™ (B1S3) showed the highest crop growth rate of upland
rice compared to other interactions and 5.76-times greater compared to the control. It was
caused by the application of biogas sludge could be increased soil organic matter and the total
population of beneficial bacteria. Likewise, the characteristics of the biogas sludge had the

organic-C was 0.14%, total nitrogen-fixing bacteria was 29.4x10° CFU mL?, and total
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phosphate solubilizing bacteria was 7.0x10* CFU mL™ (Tab. 2) could improve soil quality and
support the crop growth rate. This result is supported by Urra et al. (2019) that the application
of sewage sludge in the long-term significantly increases the organic matter in the soil, which
causes a decrease in soil pH due to the nitrification of ammonium in sewage sludge and the
production of organic acids along with the decomposition of organic matter. Bhardwaj et al.
(2014); Carvajal-Muiioz et al. (2012) reported that the application of biofertilizer had
advantages in the plant such as availability of nutrients that are balanced for plant health,
stimulating nutrient mobilization that can increase soil biological activity, availability of
microbial food to encourage the growth of beneficial microorganisms, increasing the soil
organic matter content thereby increasing the cation exchange capacity. Siswanti and Lestari
(2019) reported that the interaction of biogas sludge+biofertilizer (36 mL+10 L ha?)
significantly increased the plant height, number of leaves, and capcaisin content in chili

compared to a single treatment of biogas sludge and biofertilizer.

Conclusions

The isolates of N3, P7, N3+P7 from the biogas sludge significantly increased the nutrient uptake
of total-N and crop growth rate of upland rice on ultisols with the highest increase found in the
P7 isolate of 20.77% and 2.81-times, respectively. The dose of biogas sludge significantly
increased plant height, total dry weight, nutrient uptake of total-N and available-P, and also
crop growth rate of upland rice on ultisols with the highest increase at a dose of 630 mL polybag
! by 14.81%; 50.55%; 54.11%; 65.20%; and 129.44%, respectively. Likewise, the dose of
biogas sludge significantly increased the total fresh weight of upland rice with the highest
increase at the dose of 315 mL polybag™ by 41.81%. The interaction of isolates N3, P7, N3+P7
with the dose of biogas sludge only significantly increased the crop growth rate of upland rice

on ultisols with the highest increase found in the B1S3 by 5.76-times.
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Performance of selected superior bacterial isolates from biogas sludge on the growth of

upland rice in ultisols

Rendimiento de aislados bacterianos superiores seleccionados de lodos de biogés en el

crecimiento de arroz de tierras altas en ultisoles

ABSTRACT

h’he study searched to obtain the] influence of selected superior bacterial isolates (SBI), biogas

[Commented [MOUL1]: The investigation/study evaluated

sludge, and their interactions on growth, biomass, and nutrient uptake in upland rice in
ultisols. This study was conducted from October 2020 to April 2021in aRandomized Block
Design within two factors and seven replicates. The first factor was selected SBI (BO=
untreated, B1= nitrogen-fixing bacteria isolate (N3), B2= phosphate solubilizing bacteria
isolate (P7), B3= isolates combination (N3+P7)). The second factor was dosage of biogas
sludge (SO= untreated, S1= 157.5; S2= 315; S3= 630 mL polybag™?). The parameters were

determined by ANOVA and followed by DMRT jat P < 0.05. The results showed that the P7

isolate significantly increased total-N uptake and the highest crop growth rate (CGR) of

upland rice by 20.77% and [2.81-folds

, respectively. Biogas sludge dosage from 315 to 630 mli

polybag™ significantly increased plant height, uptake of total-N and available-P, total fresh
and dry weight, and CGR of upland rice. The interaction of N3 with biogas sludge dosage of
630 ml polybag™ significantly increased the CGR of upland rice. The application of N3 and
P7 isolates and their combination within biogas sludge of 630 mL polybag™ has the potential
to archive the CGR of upland rice in acidic soils.

Keywords: acidic soil, crop growth rate, dosage, sludge potential, upland rice.

RESUMEN
El estudio se realiz6 para obtener la influencia de aislados bacterianos superiores

seleccionados (ABS), lodos de biogas y sus interacciones en el crecimiento, la biomasa y la

Commented [MOUZ2]: the first time it is cited in text do not
use abbreviations, Duncan's multiple range test .....

Commented [MOU3]: nowhere is it explained what the "folds"
are or how they were measured
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absorcién de nutrientes en el arroz de tierras altas en ultisoles. Este estudio utilizé un Disefio
de Bloques Aleatorizados dentro de dos factores y siete repeticiones desde octubre de 2020
hasta abril de 2021. El primer factor utilizado selecciond ABS (B0= sin tratar, B1 = aislado de
bacterias fijadoras de nitrégeno (N3), B2= aislado de bacterias solubilizantes de fosfato (P7),
B3= combinacion de aislados (N3+P7)). El segundo factor fue la dosificacion del lodo de
biogas (SO= sin tratar, S1= 157.5; S2= 315; S3= 630 mL de polybag?). Los parametros fueron
determinados por ANOVA y seguidos por DMRT en P < 0.05. Los resultados mostraron que
el aislado P7 aument6 significativamente la captacion total de N y la mayor tasa de
crecimiento del cultivo (TCC) de arroz de tierras altas en 20.77% y 2.81-pliegues,
respectivamente. La dosificacion de fangos de biogés de 315 a 630 mL de polybag™ aument6
significativamente la altura de la planta, la absorcion de N total y P disponible, el peso fresco
y seco total y el TCC de arroz de tierras altas. La interaccién de N3 con la dosificacién de
lodo de biogas de 630 mL de polybag™® aumenté significativamente el TCC del arroz de
tierras altas. La aplicacion de aislamientos de N3 y P7 y su combinacién dentro de lodos de
biogas de 630 mL de polybag™ tiene el potencial de archivar el TCC de arroz de tierras altas
en suelos &cidos.

Palabras clave: arroz de tierras altas, dosis, potencial de lodo, suelo &cido, tasa de

crecimiento de los cultivos.

Introduction

Biogas sludge is the waste by-product installation from an anaerobic processing system (Food
and Agriculture Organization, 1997) and has a high nutrient content that can be used as
organic fertilizer to increase soil fertility and plant yield (Adela et al., 2014). The biogas
sludge from palm oil waste contained total-N of 490 mg L'*; NHs-N was 65 mg L!; total-P by
110 mg L' K of 1.9 mg L Ca by 23 mg L; Mg of 256 mg L™%; As <0.01 mg L; Zn was

0.61 mg L'%; and Cr by 0.04 mg L (Lubis et al., 2014), C/N 8; 0.14% N, 1.12% C (Tepsour
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et al., 2019), NHs-N ranged by 91 to 112 mg L (Choorit & Wisarnwan, 2007), pH ranged by
6.8 to 8.3; and the highest bacterial populations was 7.21x107 cells per ml and the lowest one
was 3.15x107 cells per ml (Alvionita et al., 2019). Mustamu and Triyanto (2020) also
reported that the biogas sludge has nitrogen-fixing and phosphate solubilizing bacteria which

have the potential to increase availability of nitrogen and phosphate in soils.

The diversity of beneficial bacteria, such as nitrogen-fixing and phosphate solubilizing, has
greater potential forincreasing soil fertility and plant growth. Zhang et al. (2013) reported that
phosphate solubilizing bacteria play an important role in increasing soil fertility, plant yield,
and reducing the use of chemical fertilizers. Sharma et al. (2013) described that the Bacillus
genera such as B. circulans, B. cereus, B. fusiformis, B. pumilus, B. megaterium, B. mycoides,
B. coagulans, B. chitinolyticus, and B. subtilis have been reported as having phosphate
solubilizing activities. Ambrosini et al. (2016) reported that B. cereus showed the highest
nitrogenase activity among 42 different strains of Bacillus spp. Lim et al. (2018) also reported
the dominant bacteria found in the biogas sludge from anaerobic processing using the
pyrosequencing and clone library methods, i.e. Proteobacteria, Firmicutes, Bacteroidetes, and

Thermotogae.

Application of bacteriai isolates from biogas sludge for the improvement of upland rice
growth on acidic soils has never been reported in Indonesia Thus, it is necessary to test the
potential of beneficial bacterial isolates from biogas sludge in increasing the availability of
nitrogen, phosphate, and the growth responses of upland rice due to the biogas sludge and
selected isolates in ultisols. The study was aimed at obtaining the influence of selected
superior bacterial isolates, biogas sludge, and their interaction on the growth of upland rice in

ultisols.

Materials and methods
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Study area

The concentration of total-N and available-P in ultisols and the plant tissue were analyzed in
the Analytical Laboratory of PT. Socfin Indonesia, Medan. The bacterial isolates were applied
to upland rice in Padang Bulan Village, Medan Selayang Subdistrict, Medan City, North

Sumatra, Indonesia from October 2020 to April 2021.

Preparation of medium and upland rice seeds

The planting medium used a soil type of ultisols from the Simalingkar area, Medan
Tuntungan Subdistrict, Medan City with a soil depth of 0 to 20 cm. One hundreed grams of
soil samples were taken and analyzed for chemical characteristics such as pH, organic-C,
available-P, total-N, CEC, and base saturation (K, Ca, Na, Mg) (Tab. 1). The soil was

sterilized by dryingat 100°C for 2 hours. After being \incubatedl for 1 day , the soil was put into

Commented [MOUA4]: it is important to know environmental
conditions such as rainfall, average temperature, humidity,
altitude

( commented [MOUS]: why incubated?

a polybag of 10 kg. A basic fertilizer of NPK Mutiara at a dose of 300 kg ha™ was given by
stirring evenly with the soil. K:oncurrently, the seeds of upland rice were inbred varieties of
Inpago-8 then soaked in water for 24 h and followed by a propineb fungicide (70%) for 2 h [
Upland rice was planted after 1 d of basic fertilization with two seeds per polybag at a depth

of 2 cm.

TABLE 1. Chemical characteristics of sterile ultisols

Chemical characteristics Value Category”
Soil pH (H20) 4.80 Acid
Organic-C (%) 0.44 Very low
Total-N (%) 0.04 Very low
Available-P (mg kg?) 870.25 Very high
CEC (me/100 g) 28.31 High
Base saturation (%) 4.85 Very low
Exchangeable cations
K (me/100 g) 0.60 High
Ca (me/100 g) 0.34 Very low
Mg (me/100 g) 0.32 Very low
Na (me/100 g) 0.09 Very low

Al (%) 0.02 Very low

Commented [MOUG6]: Improve the wording, it is somewhat
confusing
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Source: *Criteria for pH H,O= 4.5-5.5 (acid); organik-C <1% (very low); total-N <0,1% (very
low); available-P >60 mg kg™ (very high); CEC= 25-40 me/100 g (high); base saturation
<20% (very low); exchangeable-K= 0.60-1.00 me/100 g (high); exchangeable-Ca <2 me/100
g (very low); exchangeable-Mg <0.4 me/100 g (very low); exchangeable-Na <0.1 me/100 g
(very low); exchangeable-Al <5% (very low) (Soil Research Institute, 2009).

Preparation of superior bacterial isolates suspension and biogas sludge

h’he selected superior bacterial lisolates used phosphate solubilizing bacteria (P7) which has

been confirmed by Mustamu et al. (2021) and nitrogen-fixing bacteria or N3 (data
unpublished). The isolates were grown on an NB medium, and incubated for 48 h. The
microbial mass in the solution was measured using a spectrophotometer with a density of 108
cells per mL. 10Fer mmL} was taken from the solution containing nitrogen-fixing bacteria

(N3) and phosphate solubilizing bacteria (P7).

The biogas sludge was taken from an identical location in the first phase of the study (palm
oil mill of PT. Nubika Jaya, Pinang City, Labuhanbatu District, North Sumatra Province,
Indonesia). Bacterial isolate and biogas sludge were applied to the soil surface of the plants
one week after planting (WAP). Biogas sludge of 500 mL} samples were taken and then the

chemical and biological characteristics were analyzed in the laboratory (Tab. 2).

TABLE 2. Chemical and biological characteristics of biogas sludge

Characteristics of biogas sludge Value

Chemical
pH 741
Chemical oxygen demand/COD (mg L™) 45478
Biological oxygen demand/BOD (mg L?) 1127.5
Total-N (%) 0.051
Total-P (%) 0.0097
Auvailable-P (%) 0.013
Total-K (%) 0.18
Organic-C (%) 0.14
Ca (%) 0.04
Mg (%) 0.04
Na (ppm) 44.41
Cu (%) 0.0001

Biological

Commented [MOU7]: why are they superior bacteria? How
were they selected? what species are they?
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Total nitrogen-fixing bacteria (CFU mL™) 29.4x10°
Total phosphate solubilizing bacteria (CFU mL™) 7.0x10%

Treatments application

This study used a Randomized Block Design within two factors and seven replicates. [The first
factor was the type of superior bacterial isolates at the similarly likewise dose, nameM 10 mL
polybag® (BO= un-treated; B1= nitrogen-fixing bacterial isolate (N3); B2= phosphate
solubilizing bacteria isolate (P7); B3= combination isolates N3+P7). The second factor was
dosage of biogas sludge (SO= untreated; S1= 157.5; S2= 315; S3= 630 mL polybag™?). Each

replicate was dismantled at 4, 8, and 12 Weeks After Isolate and Biogas Sludge Application

Commented [MOU9]: Improve the wording, it is somewhat
confusing

[Commented [MOU10]: ?? ]

(WAIBSA) for determination of the CGR.

Parameters and data analysis

Variable observations were conducted by measuring the growth of upland rice (plant height,
total fresh and dry weight), total-N and available-P content in the shoots, total uptake-N, and
available-P. CGR was determined on plants at 4-8, 8-12, and 12-16 WAIBSA. Each polybag

from each treatment and replicate was bismantled bt the plants at 4, 8, 12, and 16 WAIBSA,

then the plant height was measured, the total fresh weight was determined by weighing the
roots and shoots. The total dry weight was measured by oven at 60°C for 48 h and weighed

with analytical scales. A 200 g sample of the l2”d ]Ieaf from the shoots was taken by 200 g and

[Commented [MOU11]: dismantled? is the term appropriate? }

[Commented [MOU12]: second ]

analyzed for total-N using the Kjeldahl method and available-P by the dry ashing method with
a UV-Vis Spectrophotometer. The total-N and available-P absorption were measured using
equation (1). The CGR was calculated by the dry weight per unit area using equation (2)

(Shon et al., 1997):

Uptake nutrient= nutrient content in the shoots x total dry weight 1)
_Aw _ w2-wi
CGR= At T ot2-t1 @
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where:

CGR  =crop growth rate

w1 = dry weight per unit area at t1
w2 = dry weight per unit area at t2
t1 = first sampling

t2 = second sampling

The parameters of the second phase of the study were analyzed by ANOVA and if the
treatment had a significant effect, it was continued by DMRT at P<0.05 with SPSS v.20

software.

Results and discussion

Plant height of upland rice

The effect of biogas sludge application on the plant height of upland rice was significant at 8,
12, and 16 WAIBSA. Superior bacterial isolates and their interactions had an insignificant
effect on the plant height of upland rice at 4, 8, 12, and 16 WAIBSA (Fig. 1). A significant
increase in plant height of upland rice along with increased doses of biogas sludge to 630 mL}
polybag™ at 8, 12, and 16 WAIBSA with the highest increase of 14.81% compared to the
control at 16 WAIBSA. Although the effect was insignificant, the isolates combination of B3
and the interaction of B2S3 showed the highest increase plant height of upland rice by 2.94%

and 22.06%, respectively, compared to the control.

Commented [MOU13]: | recommend that the results part be
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FIGURE 1. Effect of superior bacterial isolates, dosage of biogas sludge, and their
interactions on plant height of upland rice at 4, 8, 12, and 16 WAIBSA. Values followed by
the different letter in the graph indicated significantly by DMRT at P<0.05. ns= not
significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2= 315; S3= 630 mL
polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2= isolate P7, B3=
combination isolates N3+P7).

Biomass of upland rice (g)
The effect of biogas sludge significantly increased the total fresh weight of upland rice at 8,

12, and 16 WAIBSA. Superior bacterial isolates and their interactions had an insignificant

effect on the total fresh weight of upland rice at 4-16 WAIBSA (Tab. 3).

TABLE 3. Effect of superior bacterial isolates, biogas sludge, and their interactions on total
fresh weight of upland rice at 4, 8, 12, and 16 WAIBSA.

Total fresh weight + SE (g)

Treatments

4 WAIBSA 8 WAIBSA 12 WAIBSA 16 WAIBSA
Superior bacterial isolates (B)
BO 4.15+0.21ns 169.31+8.90ns 215.27+8.42ns 229.82+8.94ns
B1 3.12+0.12ns 194.50+9.35ns 235.08+10.32 ns 252.02+10.22ns

B2 4.52+0.23ns 162.89+11.15ns 201.85+9.89ns 230.70+9.28ns
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B3 3.3040.25ns 173.91+12.55ns 220.40+15.96ns 245.03£16.32ns
Biogas sludge (S)

S0 3.724+0.24ns 144.07+£9.37b 182.67+7.14b 197.56+6.58b

S1 3.58+0.27ns 153.41+7.93b 190.70+8.90b 215.65+7.03b

S2 3.64+0.27ns 199.68+10.30a 258.70+9.63a 280.15+9.25a

S3 4.15+0.25ns 203.45+1.36a 240.52+2.81a 264.21+2.42a

Interactions (BxS)
B0SO 4.99+0.33ns 124.08+5.60ns 185.64+3.32ns 192.78+2.96ns
BOS1 3.47+0.26ns 160.43£1.16ns 188.60+5.76ns 207.05+£3.97ns
B0S2 3.42+0.42ns 185.97+6.80ns 232.60+8.75ns 250.84+7.40ns
B0S3 4.71+0.42ns 206.76+5.49ns 254.23+10.27ns 268.61+8.85ns
B1S0 2.80+0.18ns 155.79+1.12ns 183.96+5.20ns 202.88+2.88ns
B1S1 3.74+0.29ns 174.82+9.01ns 227.91+6.38ns 236.60+6.32ns
B1S2 3.2840.40ns 241.1745.25ns 283.60+7.76ns 296.08+8.05ns
B1S3 2.67+0.22ns 206.20+7.23ns 244.85+6.26ns 272.52+4.34ns
B2S0 3.19+0.18ns 190.90£7.77ns 215.36+7.67ns 229.1146.75ns
B2S1 4.85+0.38ns 106.74+13.42ns 143.16+13.02ns 179.61+10.36ns
B2S2 5.2040.24ns 148.40+11.59ns 219.65+5.26ns 248.72+6.94ns
B2S3 4.82+0.45ns 205.53+10.50ns 229.21+16.57ns 265.34+9.58ns
B3S0 3.91+0.30ns 105.53+3.94ns 145.72+1.96ns 165.45+1.11ns
B3S1 2.25+0.09ns 171.63+4.90ns 203.14£7.07ns 239.34+12.07ns
B3S2 2.66+0.14ns 223.17+7.84ns 298.95+1.51ns 324.94+3.03ns
B3S3 4.37£0.07ns 195.31+6.77ns 233.79+8.40ns 250.38+8.16ng
CV (%) 56.09 29.68 26.31 20.78

Note: values followed by the different letter in the column indicated significantly by DMRT
at P<0.05+SE. ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2=
315; S3= 630 mL polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2=
isolate P7, B3= combination isolates N3+P7).

A significant increase in total fresh weight of upland rice along with the increase in the
dosage of biogas sludge to 315 mL} polybag? at 16 WAIBSA with the highest increase by
41.81% compared to the control. Although the effect was insignificant, the B1 and the

interaction of B3S2 showed the highest increase in the total fresh weight of upland rice with

9.66% and 68.55%, respectively, compared to the control.

The effect of biogas sludge significantly increased the total dry weight of upland rice at 12
and 16 WAIBSA. Superior bacterial isolates and their interactions had an insignificant effect

on the total dry weight of upland rice at 4-16 WAIBSA (Tab. 4).

TABLE 4. Effect of superior bacterial isolates, biogas sludge, and their interactions on the
total dry weight of upland rice at 4, 8, 12, and 16 WAIBSA.

Commented [MOU14]: This is not an interaction assessment,
itis the treatments. In the ANOVA of this trial there are 16
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treatments without any interaction between the factors.
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188
Total dry weight + SE (9)
Treatments —,\y AIBSA 8 WAIBSA 12 WAIBSA 16 WAIBSA
Superior bacterial isolates (B)
BO 1.38+0.06ns 48.01+£1.29ns 73.60£3.99ns 82.52+4.18ns
B1 1.13+0.05ns 54.094+2.41ns 76.83+2.66ns 99.72+4.15ns
B2 1.49+0.06ns 47.30£3.30ns 73.20+2.28ns 98.25+3.90ns
B3 1.15£0.07ns 52.324£3.39ns 77.18+4.90ns 98.47+4.56ns
Biogas sludge (S)
S0 1.26+0.06ns 45.51+2.63ns 62.88+2.19b 76.78+1.63c
S1 1.23+£0.08ns 44 47+1.71ns 68.52+2.00ab 87.65+2.84bc
S2 1.26+0.08ns 55.36+3.43ns 85.69+1.08a 98.95+1.86b
S3 1.40+0.06ns 56.38+1.05ns 83.73%3.44a 115.59+2.11a
Interactions (BxS)
B0SO 1.58+0.08ns 41.734£2.78ns 58.08+1.54ns 67.23+£0.96ns
B0OS1 1.12+0.08ns 45.87+0.83ns 62.74+1.83ns 71.08+1.91ns
B0S2 1.20+0.12ns 52.25+2.07ns 81.39+5.48ns 88.28+5.02ns
IBOSSI 1.60+0.12ns 52.18+0.29ns 92.20+3.05ns 103.49+2.43ns [Commented [MOU15]: idem table 3
B1S0 0.97+0.04ns 46.64+1.39ns 69.53+4.90ns 80.30+4.51ns
B1S1 1.40+0.07ns 48.13+2.78ns 78.91+0.53ns 96.23+1.50ns
B1S2 1.12+0.10ns 67.79+1.44ns 91.05%2.25ns 101.80+2.40ns
B1S3 1.02+0.08ns 53.81+3.76ns 67.84+£1.77ns 120.54+2.15ns
B2S0 1.17+0.05ns 59.32+2.33ns 70.92+4.20ns 81.43%3.82ns
B2S1 1.54+0.10ns 34.47+2.16ns 61.69£1.97ns 89.84+1.41ns
B2S2 1.73+£0.05ns 37.37£3.74ns 83.10£1.19ns 105.46%1.37ns
B2S3 1.53+0.10ns 58.05+1.76ns 77.07+4.27ns 116.28+1.30ns
B3S0 1.30+0.07ns 34.35+7.04ns 52.98+0.73ns 78.1620.48ns
B3S1 0.85+0.03ns 49.40+0.08ns 70.72£1.29ns 93.44£2.19ns
B3S2 0.99+0.05ns 64.05+4.68ns 87.22+2.90ns 100.26£1.93ns
B3S3 1.44+0.02ns 61.48+2.47ns 97.8020.77ns 122.04+0.20ns
CV (%) 43.80 31.22 26.54 18.38

189  Note: values followed by the different letter in the column indicated significantly by DMRT
190  at P<0.05+SE. ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2=
191 315; S3= 630 mL polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2=
192  isolate P7, B3= combination isolates N3+P7).

193

194 A significant increase in total dry weight of upland rice along with the increase in the dosage

195  of biogas sludge to 630 mL} polybag™ at 16 WAIBSA with the highest increase of 50.55%

196  compared to the control. Although the effect was insignificant, the B1 and the interaction of | ( commented [MOU16]: The interaction was insignificant

197  B3S3 showed the highest increase in the total dry weight of upland rice, with20.84% and
198  81.53%, respectively, compared to the control.
199

200 Content and uptake of total-N and available-P nutrient of upland rice
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The effect of biogas sludge, superior bacterial isolates, and their interactions had an
insignificant effect on the nutrient content of total-N and available-P in upland rice. The effect
of biogas sludge significantly increased the nutrient uptake of total-N and available-P.
Superior bacterial isolates significantly increased the nutrient uptake of total-N. The
interaction of biogas sludge with superior bacterial isolates had an insignificant effect on the
nutrient uptake of total-N and available-P of upland rice (Fig. 2).
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FIGURE 2. The effect of superior bacterial isolates, dosage of biogas sludge, and their
interactions in the content and uptake of total-N and available-P nutrient of upland rice.
Values followed by the different letter in graph indicated significantly by DMRT at P<0.05.
ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2= 315; S3= 630
mL polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2= isolate P7,
B3= combination isolates N3+P7).

A significant increase in the nutrient uptake of total-N and available-P in upland rice along
with the increase in the dose of biogas sludge to 630 mL polybag™® with the highest increase
of 54.11% and 65.20%, respectively compared to the control. The superior bacterial isolates
(B1-B3) also significantly increased the nutrient uptake of total-N for upland rice with the

highest increase in the B2 by 20.77% compared to the control. Although the effect was
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insignificant, the B3 showed the highest increase in nutrient uptake of available-P in upland
rice, with19.93% compared to the control. Likewise, the interaction of B2S3 and B3S3
showed the highest increase in nutrient uptake of total-N and available-P in upland rice by

80.04% and 79.41%, respectively, compared to the control.]

The biogas sludge doses of 315 and 630 mL} polybag™ (S2 and S3) explained that the nutrient
content of available-P and total-N in the plant tissue of upland rice were higher by 33.33%
and 4.53%, respectively, compared to the control. The B2 isolate showed the highest nutrient
content of total-N in the plant tissue of upland rice by 1.63% compared to the control, but all
isolates (B1-B3) showed a similar level of available-P in the plant tissue of upland rice with
the control. The interactions of B2S3 and B2S2 also showed the highest nutrient content of

total-N and available-P compared to other interactions.

Commented [MOU17]: there is no interaction, should not be
analyzed, the results are a result of chance

Crop growth rate of upland rice
The effect of superior bacterial isolates, biogas sludge, and their interactions significantly
increased the crop growth rate of upland rice at 12 to 16 WAIBSA, but it had an insignificant

effect at 4-8 and 8-12 WAIBSA (Tab. 5).

The biogas sludge dose of 630 mL} polybag™ (S3) significantly increased the highest crop
growth rate for upland rice at 12 to 16 WAIBSA by 129.44% compared to the control. The
ability of B1-B3 isolates significantly increased the crop growth rate of upland rice with the
highest increase in the B2 by 181.45% compared to the controls at 12 to 16 WAIBSA. The
interaction of the B1S3 significantly increased the crop growth rate of upland rice by [5.76-

folds greater compared to the control.

Commented [MOU18]: there is no significant difference
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ITABLE 5. The effect of superior bacterial isolates, biogas sludge, and their interactions on

Commented [MOU19]: how it was calculated and where it
compares with the other treatments

the crop growth rate of upland rice.
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isolates (B) SO S1 S2 S3
4-8 WAIBSA
BO 1.434ns 1.598ns 1.823ns 1.806ns 1.665ns
Bl 1.631ns 1.669ns 2.381ns 1.885ns 1.892ns
B2 2.077ns 1.176ns 1.273ns 2.019ns 1.636ns
B3 1.180ns 1.734ns 2.252ns 2.144ns 1.828ns
Average 1.580ns 1.544ns 1.932ns 1.964ns CV=32.28%
8-12 WAIBSA
BO 0.584ns 0.602ns 1.041ns 1.430ns 0.914ns
B1 0.818ns 1.099ns 0.831ns 0.501ns 0.812ns
B2 0.414ns 0.972ns 1.633ns 0.679ns 0.925ns
B3 0.665ns 0.761ns 0.828ns 1.297ns 0.888ns
Average 0.620ns 0.859ns 1.083ns 0.977ns CV=56.17%
12-16 WAIBSA
BO 0.327fgh 0.298gh 0.246h 0.403b-h 0.318b
B1 0.385c-h 0.619a-h 0.384d-h 1.882a 0.817a
B2 0.375e-h 1.005a-h 0.798a-h 1.400a-h 0.895a
B3 0.899a-h 0.811a-h 0.466a-h 0.866a-h 0.761a
Average 0.496b 0.683b 0.474b 1.138a CV=51.07%

Note: values followed by the different letter in the column indicated significantly by DMRT
at P<0.05. ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2=
315; S3= 630 mL polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2=
isolate P7, B3= combination isolates N3+P7).

h’he effect of selected superior bacterial isolates‘

The selected superior bacterial isolates (N3 and P7) significantly increased the nutrient uptake
of total-N and crop growth rate of upland rice on ultisols at 12 to 16 WAIBSA, but it had an
insignificant effect on plant height, total fresh weight, total dry weight, nutrient content (total-
N and available-P) in leaf tissue, nutrient uptake of available-P, and crop growth rate of
upland rice at 4 to 8 and 8 to 12 WAIBSA. The superior bacterial isolates (N3, P7, and
N3+P7) could increase the nutrient uptake of total-N in upland rice by 14.64%, 20.77%, and
20.68%, respectively compared to control (Fig. 2). Similar results are also shown in Table 5,
that the crop growth rate of upland rice at 12 to 16 WAIBSA due to selected superior bacterial
isolates (N3, P7, N3+P7) has increased by 2.57; 2.81; and 2.39-folds, respectively compared
to the control. The finding results indicated that the ability of a single isolate by P7 bacteria
was greater in increasing total-N and crop growth rate of upland rice compared to a single

isolate by N3 bacteria and a combination of N3+P7 bacterial isolates. It was due to the
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presence of several organic acids and hormones produced by P7 that can increase the nutrient
uptake of total-N and crop growth rate of upland rice. This result was supported by Mustamu
et al. (2021) that the phosphate solubilizing bacteria isolate (P7) from the biogas sludge
contains organic acids produced such as lactic, oxalic, acetic, citric acids, and it had the
highest ability to solubilize phosphate from calcium triphosphate and rock phosphate was
4.62 and 2.66-folds, respectively compared to the control. Meena et al. (2016) reported that
the availability of nitrogen and phosphorus slightly increased in the application of bio
fertilization with Bacillus cereus, it was due to the production of organic acids and other
chemicals such as citric, tartaric, and oxalic acids which can stimulate plant growth and
nutrients availability. Youssef and Eissa (2017) reported that the increase in vegetative growth
and total biomass was due to increased photosynthesis, translocation, and accumulation of
nutrients. Khan et al. (2020) reported that Bacillus cereus strain SA1 can produce the
gibberellins, indole-acetic acid (IAA), and organic acids. Ferrara et al. (2012) reported that
gibberellins, IAA, and other hormones can increase plant growth under stressful conditions.
Kang et al. (2014) said that PGPB has several mechanisms to increase plant growth with
nitrogen-fixation, phosphate solubilizing, increasing nutrient availability. Suksong et al.
(2016) reported that bacteria of palm oil solid waste from anaerobic digester include:
Ruminococcus sp., Thiomargarita sp., Clostridium sp. Anaerobacter sp., Bacillus sp.,
Sporobacterium sp., Saccharofermentans sp., Oscillibacter sp., Sporobacter sp., and
Enterobacter sp. Liaquat et al. (2017) also reported that an abundance of Bacillus,

Clostridium, and Enterobacter spp in anaerobic digester of wastewater in producing biogas.

The effect of biogas sludge
The dose of biogas sludge significantly increased plant height, total fresh weight (8, 12, and

16 WAIBSA), total dry weight (12 and 16 WAIBSA), nutrient uptake (total-N and available-
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P), and the crop growth rate of upland rice at 8 to 12 WAIBSA, but it had an insignificant
effect on nutrient content (total-N and available-P) in leaf tissue, and crop growth rate of
upland rice (4-8 and 8-12 WAIBSA). An increase in plant height, total dry weight, nutrient
uptake of total-N and available-P, and also crop growth rate of upland rice on ultisols along
with the increase in the dose of biogas sludge to 630 mL polybag™ at the end of this study (16
WAIBSA). However, in contrast to the total fresh weight, an increase along with the increase
in the biogas sludge dose to 315 mL polybag™ then decreased at the dose of 630 mL polybag
1 It was caused the biogas sludge had chemical characteristics such as pH (7.41), total-N
(0.051%), available-P (0.013%), organic-C (0.14%), total-K (0.18%), and biological
characteristics such as total nitrogen-fixing bacteria (29.4x10° CFU mL™) and total phosphate
solubilizing bacteria (7.0x10* CFU mL™?) (Tab. 2). C-organic content and the total population
of nitrogen-fixing and phosphate solubilizing bacteria from the biogas sludge could be
increased the nutrient uptake of total-N and available-P in upland rice along with increasing
the dose of biogas sludge to 630 mL polybag™ (Fig. 2). Therefore, the nutrients absorbed are
used for plant metabolic processes and stimulate the growth of plant height, biomass, and crop
growth rate of upland rice. A similar result was reported by Mustamu and Triyanto (2020)
that the macro and micronutrients from the biogas sludge and also had the population of
nitrogen-fixing and phosphate solubilizing bacteria by 480x10* and 42x10* CFU mL?,
respectively. Ndubuisi-Nnaji et al. (2020) reported that total phosphate solubilizing bacteria
(1.6 to 2.5 CFU mL™) was significantly higher compared to nitrogen-fixing bacteria (0.5-1.4
CFU mLY and a significant increase in nutrient concentration in the order of
N>K>P>Ca>Mg>S in all anaerobic digester bioreactors. Méller and Mdiller (2012) reported

that an increase in concentrations of NH4™-N ranged from 45 to 80% after anaerobic waste.

The interaction effect of selected superior bacterial isolates and biogas sludge
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The interaction of biogas sludge and superior bacterial isolates only significantly increased

the crop growth rate of upland rice on ultisols at B to 12 WAIBSA, put it had an insignificant

( commented [MOU22]: 12-167222

effect on other parameters in this study. The interaction of NFB [Bacillus paramycoides M/ith
biogas sludge at the dose of 630 mL} polybag™ (B1S3) showed the highest crop growth rate of
upland rice compared to other interactions and 5.76-fold greater compared to the control. It
was caused by the application of biogas sludge that could increase the contents of soil organic
matter and the total population of beneficial bacteria. Likewise, the characteristics of the
biogas sludge had the organic-C was 0.14%, total nitrogen-fixing bacteria was 29.4x10% CFU
mL, and total phosphate solubilizing bacteria was 7.0x10* CFU mL™ (Tab. 2) could improve
soil quality and support the crop growth rate. This result is supported by Urra et al. (2019)
that the application of sewage sludge in the long-term significantly increases the organic
matter in the soil, which causes a decrease in soil pH due to the nitrification of ammonium in
sewage sludge and the production of organic acids along with the decomposition of organic
matter. Bhardwaj et al. (2014); Carvajal-Mufioz et al. (2012) reported that the application of
biofertilizer had advantages for plants, such as availability of nutrients that are balanced for
plant health, stimulating nutrient mobilization that can increase soil biological activity,
availability of microbial food to encourage the growth of beneficial microorganisms,
increasing the soil organic matter content thereby increasing the cation exchange capacity.
Siswanti and Lestari (2019) reported that the interaction of biogas sludge+biofertilizer (36
mL+10 L ha) significantly increased the plant height, number of leaves, and capcaisin

content in chili pepper compared to a single treatment of biogas sludge and biofertilizer.

Conclusions
The isolates of N3, P7, N3+P7 from the biogas sludge significantly increased the nutrient

uptake of total-N and crop growth rate of upland rice on ultisols with the highest increase
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found in the P7 isolate of 20.77% and 2.81-folds, respectively. The dose of biogas sludge
significantly increased plant height, total dry weight, nutrient uptake of total-N and available-
P, and also crop growth rate of upland rice on ultisols with the highest increase at a dose of
630 mL polybag? by 14.81%; 50.55%; 54.11%; 65.20%; and 129.44%, respectively.
Likewise, the dose of biogas sludge significantly increased the total fresh weight of upland
rice with the highest increase at the dose of 315 mL polybag™ by 41.81%. The interaction of
isolates N3, P7, N3+P7 with the dose of biogas sludge only significantly increased the crop
growth rate of upland rice on ultisols with the highest increase found in the B1S3 by 5.76-

folds.
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Performance of selected superior bacterial fisolates from biogas sludge on the growth jof

upland rice in ultisols

Rendimiento de aislados bacterianos superiores seleccionados de lodos de biogés en el

crecimiento de arroz de tierras altas en ultisoles

ABSTRACT

The study searched to obtain the influence of selected superior bacterial isolates (SBI), biogas
sludge, and their interactions on growth, biomass, and nutrient uptake in upland rice in
ultisols. This study was conducted from October 2020 to April 2021in aRandomized Block
Design within two factors and seven replicates. The first factor was selected SBI (BO=
untreated, B1= nitrogen-fixing bacteria isolate (N3), B2= phosphate solubilizing bacteria
isolate (P7), B3= isolates combination (N3+P7)). The second factor was dosage of biogas
sludge (SO= untreated, S1= 157.5; S2= 315; S3= 630 mL polybag™?). The parameters were
determined by ANOVA and followed by DMRT at P < 0.05. The results showed that the P7
isolate significantly increased total-N uptake and the highest crop growth rate (CGR) of
upland rice by 20.77% and 2.81-folds, respectively. Biogas sludge dosage from 315 to 630 ml
polybag™ significantly increased plant height, uptake of total-N and available-P, total fresh
and dry weight, and CGR of upland rice. The interaction of N3 with biogas sludge dosage of
630 ml polybag™ significantly increased the CGR of upland rice. The application of N3 and
P7 isolates and their combination within biogas sludge of 630 mL polybag™ has the potential
to archive the CGR of upland rice in acidic soils.

Keywords: acidic soil, crop growth rate, dosage, sludge potential, upland rice.

RESUMEN
El estudio se realiz6 para Dbtener |a influencia de aislados bacterianos superiores

seleccionados (ABS), lodos de biogas y sus interacciones bn el crecimiento, la biomasab/ la
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absorcién de nutrientes en el arroz de tierras altas en ultisoles. Este estudio utilizé un Disefio
de Bloques Aleatorizados dentro de dos factores y siete repeticiones desde octubre de 2020
hasta abril de 2021. El primer factor utilizado seleccion6 ABS ([BO: sin tratar, B1 = aislado de
bacterias fijadoras de nitrégeno (N3), B2= aislado de bacterias solubilizantes de fosfato (P7),
B3= combinacion de aislados (N3+P7)).| El segundo factor fue la dosificacion del lodo de
biogés (S0= sin tratar, S1= 157.5; S2= 315; S3= 630 mL de polybag™). |Los parametros fueron
determinados por ANOVA y seguidos por DMRT en P < 0.05. Los resultados mostraron que

el aislado P7 aumento significativamente la Captacién ftotal de N y la mayor tasa de

crecimiento del cultivo (TCC) |de arroz de tierras altas en 20.77% y 2.81-pliegues,

respectivamente. La dosificacion de fangos de biogés de 315 a 630 mL de polybag™ aument6
significativamente la altura de la planta, la absorcion de N total y P disponible, el peso fresco
y seco total y el TCC de arroz de tierras altas. La interaccién de N3 con la dosificacién de
lodo de biogas de 630 mL de polybag™® aumenté significativamente el TCC del arroz de
tierras altas. La aplicacion de aislamientos de N3 y P7 y su combinacién dentro de lodos de
biogas de 630 mL de polybag™ tiene el potencial de archivar el TCC de arroz de tierras altas
en suelos &cidos.

Palabras clave: arroz de tierras altas, dosis, potencial de lodo, suelo &cido, tasa de

crecimiento de los cultivos.

Introduction

Biogas sludge is the waste by-product installation from an anaerobic processing system (Food
and Agriculture Organization, 1997) and has a high nutrient content that can be used as
organic fertilizer to increase soil fertility and plant yield (Adela et al., 2014). fl'he biogas
sludge from palm oil waste contained total-N of 490 mg L*; NHs-N was 65 mg L!; total-P by
110 mg L' K of 1.9 mg L; Ca by 23 mg L; Mg of 256 mg L™%; As <0.01 mg L; Zn was

0.61 mg L'%; and Cr by 0.04 mg L (Lubis et al., 2014), C/N 8; 0.14% N, 1.12% C (Tepsour
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et al., 2019), NHs-N ranged by 91 to 112 mg L (Choorit & Wisarnwan, 2007D, pH ranged by
6.8 to 8.3; and the highest bacterial populations was 7.21x107 cells per ml and the lowest one
was 3.15x107 cells per ml (Alvionita et al., 2019). Mustamu and Triyanto (2020) also
reported that the biogas sludge has nitrogen-fixing and phosphate solubilizing bacteria which

have the potential to increase availability of nitrogen and phosphate in soils.

The diversity of beneficial bacteria, such as nitrogen-fixing and phosphate solubilizing, has
greater potential forincreasing soil fertility and plant growth. Zhang et al. (2013) reported that
phosphate solubilizing bacteria play an important role in increasing soil fertility, plant yield,
and reducing the use of chemical fertilizers. Sharma et al. (2013) described that the Bacillus
genera such as B. circulans, B. cereus, B. fusiformis, B. pumilus, B. megaterium, B. mycoides,
B. coagulans, B. chitinolyticus, and B. subtilis have been reported as having phosphate
solubilizing activities. Ambrosini et al. (2016) reported that B. cereus showed the highest
nitrogenase activity among 42 different strains of Bacillus spp. Lim et al. (2018) also reported
the dominant bacteria found in the biogas sludge from anaerobic processing using the
pyrosequencing and clone library methods, i.e. Proteobacteria, Firmicutes, Bacteroidetes, and

Thermotogae.

Application of bacteriai isolates from biogas sludge for the improvement of upland rice
growth pn acidic soils has never been reported in Indonesia. Thus, it is necessary to test the
potential of beneficial bacterial isolates from biogas sludge in increasing the availability of
nitrogen, phosphate, and the growth responses of upland rice due to the biogas sludge and
selected isolates in ultisols. The study was aimed at obtaining the influence of selected
superior bacterial isolates, biogas sludge, and their interaction on the \growthl of upland rice in

ultisols.

Materials and methods
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Study area

The concentration of total-N and available-P in ultisols and the plant tissue were analyzed in
the Analytical Laboratory of PT. Socfin Indonesia, Medan. The bacterial isolates were applied
to upland rice in Padang Bulan Village, Medan Selayang Subdistrict, Medan City, North

Sumatra, Indonesia from October 2020 to April 2021.

Preparation of medium and upland rice seeds

h’he planting medium used a soil type of ultisols from the Simalingkar area, Medan
Tuntungan Subdistrict, Medan City with a soil depth of 0 to 20 cm. |One hundreed grams of
soil samples were taken and analyzed for chemical characteristics such as pH, organic-C,
available-P, total-N, CEC, and base saturation (K, Ca, Na, Mg) (Tab. 1). The soil was
sterilized by dryingat 100°C for 2 h. After being incubated for 1 d , the soil was put into a
polybag of 10 kg. A basic fertilizer of NPK Mutiara at a dose of 300 kg ha™ was given by
stirring evenly with the soil. Concurrently, the seeds of upland rice were inbred varieties of
Inpago-8 then soaked in water for 24 h and followed by a propineb fungicide (70%) for 2 h .
Upland rice was planted after 1 d of basic fertilization with two seeds per polybag at a depth

of 2 cm.

TABLE 1. Chemical characteristics of sterile ultisols

Chemical characteristics Value Category”
Soil pH (H20) 4.80 Acid
Organic-C (%) 0.44 Very low
Total-N (%) 0.04 Very low
Available-P (mg kg?) 870.25 Very high
CEC (me/100 g) 28.31 High
Base saturation (%) 4.85 Very low
Exchangeable cations
K (me/100 g) 0.60 High
Ca (me/100 g) 0.34 Very low
Mg (me/100 g) 0.32 Very low
Na (me/100 g) 0.09 Very low

Al (%) 0.02 Very low

|
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[Source: *Criteria for pH H2O= 4.5-5.5 (acid); organik-C <1% (very low); total-N <0,1% (very
low); available-P >60 mg kg (very high); CEC= 25-40 me/100 g (high); base saturation
<20% (very low); exchangeable-K= 0.60-1.00 me/100 g (high); exchangeable-Ca <2 me/100
g (very low); exchangeable-Mg <0.4 me/100 g (very low); exchangeable-Na <0.1 me/100 g
(very low); exchangeable-Al <5% (very low) (Soil Research Institute, 2009).]

Preparation of superior bacterial isolates suspension and biogas sludge

h’he selected superior bacterial isolates used phosphate solubilizing bacteria (P7) which has
been confirmed by Mustamu et al. (2021) and nitrogen-fixing bacteria or N3 (data
unpublished).| The isolates were grown on an NB medium, and incubated for 48 h. The
bacteria growth micrebial-mass-in the solution was measured using a spectrophotometer with

a density of 108 cells per mL. [Ten ml was taken from the solution containing nitrogen-fixing

bacteria (N3) and phosphate solubilizing bacteria (P7).

h’he biogas sludge was taken from an identical location in the first phase of the study (palm

oil mill of PT. Nubika Jaya, Pinang City, Labuhanbatu District, North Sumatra Province, |

Indonesia). Bacterial isolate and biogas sludge were applied to the soil surface of the plants
one week after planting (WAP). |Biogas sludge of 500 ml samples were taken and then the

chemical and biological characteristics were analyzed in the laboratory (Tab. ZD.

TABLE 2. Chemical and biological characteristics of biogas sludge

Characteristics of biogas sludge Value

Chemical
pH 7.41
Chemical oxygen demand/COD (mg L™) 45478
Biological oxygen demand/BOD (mg L?) 1127.5
Total-N (%) 0.051
Total-P (%) 0.0097
Auvailable-P (%) 0.013
Total-K (%) 0.18
Organic-C (%) 0.14
Ca (%) 0.04
Mg (%) 0.04
Na (ppm) 44.41
Cu (%) 0.0001

Biological
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Total nitrogen-fixing bacteria (CFU mL™) 29.4x10°
Total phosphate solubilizing bacteria (CFU mL™) 7.0x10%

Treatments application

This study used a Randomized Block Design within two factors and seven replicates. The first
factor was the type of superior bacterial isolates at the similarly likewise dose, namely 10 mL
polybag® (BO= un-treated; B1= nitrogen-fixing bacterial isolate (N3); B2= phosphate
solubilizing bacteria isolate (P7); B3= combination isolates N3+P7). The second factor was
dosage of biogas sludge |(SO= untreated; S1= 157.5; S2= 315; S3= 630 mL polybag™). lEach
replicate was dismantled at 4, 8, and 12 Weeks After Isolate and Biogas Sludge Application

(WAIBSA,) for determination of the CGR.

Parameters and data analysis

Variable observations were conducted by measuring the growth of upland rice (plant height,
total fresh and dry weight), total-N and available-P content in the shoots, total uptake-N, and
available-P. CGR was determined on plants at 4-8, 8-12, and 12-16 WAIBSA. Each polybag
from each treatment and replicate was dismantled at the plants at 4, 8, 12, and 16 WAIBSA,
then the plant height was measured, the total fresh weight was determined by weighing the
roots and shoots. The total dry weight was measured by oven at 60°C for 48 h and weighed
with analytical scales. A 200 g sample of the 2™ leaf from the shoots was taken by 200 g and
analyzed for total-N using the Kjeldahl method and available-P by the dry ashing method with
a UV-Vis Spectrophotometer. The total-N and available-P absorption were measured using
equation (1). The CGR was calculated by the dry weight per unit area using equation (2)

(Shon et al., 1997):

Uptake nutrient= nutrient content in the shoots x total dry weight 1)
_Aw _ w2-wi
CGR= At T ot2-t1 @
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where:

CGR  =crop growth rate

w1 = dry weight per unit area at t1
w2 = dry weight per unit area at t2
t1 = first sampling

t2 = second sampling

The parameters of the second phase of the study were analyzed by ANOVA and if the
treatment had a significant effect, it was continued by [DMRT fat P<0.05 with SPSS v.20

software.

Results and discussion

Plant height of upland rice

The effect of biogas sludge application on the plant height of upland rice was significant at 8,
12, and 16 WAIBSA. Superior bacterial isolates and their interactions had an insignificant
effect on the plant height of upland rice at 4, 8, 12, and 16 WAIBSA (Fig. 1). A significant
increase in plant height of upland rice along with increased doses of biogas sludge to 630 ml
polybag™ at 8, 12, and 16 WAIBSA with the highest increase of 14.81% compared to the
control at 16 WAIBSA. Although the effect was insignificant, the isolates combination of B3
and the interaction of B2S3 showed the highest increase plant height of upland rice by 2.94%

and 22.06%, respectively, compared to the control.
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159 FIGURE 1. Effect of superior bacterial isolates, dosage of biogas sludge, and their — @ ted [I33]: If all the treatments (B x S) are NS then there
160 interactions on plant height of upland rice at 4, 8, 12, and 16 WAIBSA. Values followed by B mEB e BEeem (i (S TR [ ey (9

. . .. g show the third figure. | recommend to show only first and second
161 the different letter in the graph indicated significantly by DMRT at P<0.05. ns= not | figures. The authors could explore the possibility that gives them not
162  significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2= 315; S3= 630 mL ' [ interaction between the factors for discussing the result.
163 polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2= isolate P7, B3= | commented [134]: | think that it is redundant to show the
164 combination isolates N3+P7) variables values on the bars. | recommend to remove it.

165

166  Biomass of upland rice (g)

167  The effect of biogas sludge significantly increased the total fresh weight of upland rice at 8,
168 12, and 16 WAIBSA. Superior bacterial isolates and their interactions had an insignificant

169  effect on the total fresh weight of upland rice at 4-16 WAIBSA (Tab. 3).

170 h’ABLE 3\. Effect of superior bacterial isolates, biogas sludge, and their interactions on total | c d [I35]: If all the treatments (B x S) are NS then there
171 fresh Welght Of upland rice at 4, 8, 121 and 16 WAIBSA. was notin.teractio'n between the factors. Then it is unnecessary to
172 show the interaction.
Treatments Total fresh weight + SE (g)
4 WAIBSA 8 WAIBSA 12 WAIBSA 16 WAIBSA
Superior bacterial isolates (B)
BO 4.15+0.21ns 169.31+8.90ns 215.27+8.42ns 229.82+8.94ns
B1 3.12+0.12ns 194.50+9.35ns 235.08£10.32 ns 252.02£10.22ns

B2 4.52+0.23ns 162.89+11.15ns 201.85+9.89ns 230.70+9.28ns
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B3 3.30£0.25ns 173.91+12.55ns 220.40+15.96ns 245.03+16.32ns
Biogas sludge (S)

S0 3.72+0.24ns 144.07+9.37b 182.67+7.14b 197.56+6.58b

S1 3.58+0.27ns 153.41+7.93b 190.70+8.90b 215.65+7.03b

S2 3.64+0.27ns 199.68+10.30a 258.70+9.63a 280.15+9.25a

S3 4.15+0.25ns 203.45+1.36a 240.52+2.81a 264.21+2.42a

Interactions (BxS)

B0SO 4.99+0.33ns 124.08+5.60ns 185.64+3.32ns 192.78+2.96ns
B0OS1 3.47+0.26ns 160.43+1.16ns 188.60+5.76ns 207.05£3.97ns
B0S2 3.42+0.42ns 185.97+6.80ns 232.60+8.75ns 250.84+7.40ns
B0S3 4.71+0.42ns 206.76+5.49ns 254.23+10.27ns 268.61+8.85ns
B1S0 2.80+0.18ns 155.79+1.12ns 183.96+5.20ns 202.88+2.88ns
B1S1 3.74+0.29ns 174.82+9.01ns 227.91+6.38ns 236.60+6.32ns
B1S2 3.28+0.40ns 241.1745.25ns 283.60+7.76ns 296.08+8.05ns
B1S3 2.67+0.22ns 206.20+7.23ns 244.85+6.26ns 272.52+4.34ns
B2S0 3.19+0.18ns 190.90+7.77ns 215.36+7.67ns 229.11+6.75ns
B2S1 4.85+0.38ns 106.74+13.42ns 143.16+13.02ns 179.61+10.36ns
B2S2 5.20+0.24ns 148.40+11.59ns 219.65+5.26ns 248.72+6.94ns
B2S3 4.82+0.45ns 205.53+10.50ns 229.21+16.57ns 265.34+9.58ns
B3S0 3.91+0.30ns 105.53+3.94ns 145.72+1.96ns 165.45+1.11ns
B3S1 2.25+0.09ns 171.63+4.90ns 203.14+7.07ns 239.34+12.07ns
B3S2 2.66+0.14ns 223.17+7.84ns 298.95+1.51ns 324.94+3.03ns
B3S3 4.37+0.07ns 195.31+6.77ns 233.79+8.40ns 250.38+8.16ns
CV (%) 56.09 29.68 26.31 20.78

Note: values followed by the different letter in the column indicated significantly by DMRT
at P<0.05+SE. ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2=
315; S3= 630 mL polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2=
isolate P7, B3= combination isolates N3+P7).

A significant increase in total fresh weight of upland rice along with the increase in the
dosage of biogas sludge to 315 ml polybag? at 16 WAIBSA with the highest increase by
41.81% compared to the control. Although the effect was insignificant, the B1 and the

interaction of B3S2 showed the highest increase in the total fresh weight of upland rice with

9.66% and 68.55%, respectively, compared to the control.

The effect of biogas sludge significantly increased the total dry weight of upland rice at 12
and 16 WAIBSA. Superior bacterial isolates and their interactions had an insignificant effect

on the total dry weight of upland rice at 4-16 WAIBSA (Tab. 4).

fTABLE 4, \Effect of superior bacterial isolates, biogas sludge, and their interactions on the
total dry weight of upland rice at 4, 8, 12, and 16 WAIBSA.
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Total dry weight + SE (9)

Treatments —,\y AIBSA 8 WAIBSA 12 WAIBSA 16 WAIBSA
Superior bacterial isolates (B)
BO 1.38+0.06ns 48.01+£1.29ns 73.60£3.99ns 82.52+4.18ns
B1 1.13+0.05ns 54.094+2.41ns 76.83+2.66ns 99.72+4.15ns
B2 1.49+0.06ns 47.30£3.30ns 73.20+2.28ns 98.25+3.90ns
B3 1.15£0.07ns 52.324£3.39ns 77.18+4.90ns 98.47+4.56ns
Biogas sludge (S)
S0 1.26+0.06ns 45.51+2.63ns 62.88+2.19b 76.78+1.63c
S1 1.23+£0.08ns 44 47+1.71ns 68.52+2.00ab 87.65+2.84bc
S2 1.26+0.08ns 55.36+3.43ns 85.69+1.08a 98.95+1.86b
S3 1.40+0.06ns 56.38+1.05ns 83.73%3.44a 115.59+2.11a
Interactions (BxS)
B0SO 1.58+0.08ns 41.734£2.78ns 58.08+1.54ns 67.23+£0.96ns
B0OS1 1.12+0.08ns 45.87+0.83ns 62.74+1.83ns 71.08+1.91ns
B0S2 1.20+0.12ns 52.25+2.07ns 81.39+5.48ns 88.28+5.02ns
B0S3 1.60+0.12ns 52.18+0.29ns 92.20+3.05ns 103.49+2.43ns
B1S0 0.97+0.04ns 46.64+1.39ns 69.53+4.90ns 80.30+4.51ns
B1S1 1.40+0.07ns 48.13+2.78ns 78.91+0.53ns 96.23+1.50ns
B1S2 1.12+0.10ns 67.79+1.44ns 91.05%2.25ns 101.80+2.40ns
B1S3 1.02+0.08ns 53.81+3.76ns 67.84+£1.77ns 120.54+2.15ns
B2S0 1.17+0.05ns 59.32+2.33ns 70.92+4.20ns 81.43%3.82ns
B2S1 1.54+0.10ns 34.47+2.16ns 61.69£1.97ns 89.84+1.41ns
B2S2 1.73+£0.05ns 37.37£3.74ns 83.10£1.19ns 105.46%1.37ns
B2S3 1.53+0.10ns 58.05+1.76ns 77.07+4.27ns 116.28+1.30ns
B3S0 1.30+0.07ns 34.35+7.04ns 52.98+0.73ns 78.1620.48ns
B3S1 0.85+0.03ns 49.40+0.08ns 70.72£1.29ns 93.44£2.19ns
B3S2 0.99+0.05ns 64.05+4.68ns 87.22+2.90ns 100.26£1.93ns
B3S3 1.44+0.02ns 61.48+2.47ns 97.8020.77ns 122.04+0.20ns
CV (%) 43.80 31.22 26.54 18.38

Note: values followed by the different letter in the column indicated significantly by DMRT
at P<0.05+SE. ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2=
315; S3= 630 mL polybag™?). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2=
isolate P7, B3= combination isolates N3+P7).

A significant increase in total dry weight of upland rice along with the increase in the dosage
of biogas sludge to 630 ml polybag™? at 16 WAIBSA with the highest increase of 50.55%
compared to the control. Although the effect was insignificant, the B1 and the interaction of

B3S3 showed the highest increase in the total dry weight of upland rice, with_20.84% and

81.53%, respectively, compared to the control.

Content and uptake of total-N and available-P nutrient of upland rice
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The apliccation effect-of biogas sludge, superior bacterial isolates, and their interactions had
an insignificant effect on the nutrient content of total-N and available-P in upland rice. The
effect of biogas sludge significantly increased the nutrient uptake of total-N and available-P.

Superior bacterial isolates significantly increased the nutrient uptake of total-N. The

Ci d [I37]: He authors could explain that there was

interaction of biogas sludge with superior bacterial isolates had an insignificant effect on the

nutrient uptake of total-N and available-P of upland rice (Fig. 2).
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[FIGURE 2. The effect of superior bacterial isolates, dosage of biogas sludge, and their

increase in uptake of nutrient ; however, there was not increase in
nutrient content in the rice plants.

Ci ted [I38]: If all the treatments (B x S) are NS then there

interactions in the content and uptake of total-N and available-P nutrient of upland rice.
Values followed by the different letter in graph indicated significantly by DMRT at P<0.05.
ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2= 315; S3= 630
mL polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2= isolate P7,
B3= combination isolates N3+P7).

A significant increase in the nutrient uptake of total-N and available-P in upland rice along
with the increase in the dose of biogas sludge to 630 mL polybag™® with the highest increase
of 54.11% and 65.20%, respectively compared to the control. The superior bacterial isolates
(B1-B3) also significantly increased the nutrient uptake of total-N for upland rice with the

highest increase in the B2 by 20.77% compared to the control. Although the effect was

was not interaction between the factors. Then it is unnecessary to
show the third figure. | recommend to show only first and second
figures.
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insignificant, the B3 showed the highest increase in nutrient uptake of available-P in upland
rice, with19.93% compared to the control. Likewise, the interaction of B2S3 and B3S3
showed the highest increase in nutrient uptake of total-N and available-P in upland rice by

80.04% and 79.41%, respectively, compared to the control.

The biogas sludge doses of 315 and 630 ml polybag™? (S2 and S3) explained that the nutrient
content of available-P and total-N in the plant tissue of upland rice were higher by 33.33%
and 4.53%, respectively, compared to the control. The B2 isolate showed the highest nutrient
content of total-N in the plant tissue of upland rice by 1.63% compared to the control, but all
isolates (B1-B3) showed a similar level of available-P in the plant tissue of upland rice with
the control. The interactions of B2S3 and B2S2 also showed the highest nutrient content of

total-N and available-P compared to other interactions.

Crop growth rate of upland rice
The effect of superior bacterial isolates, biogas sludge, and their interactions significantly
increased the crop growth rate of upland rice at 12 to 16 WAIBSA, but it had an insignificant

effect at 4-8 and 8-12 WAIBSA (Tab. 5).

The biogas sludge dose of 630 ml polybag? (S3) significantly increased the highest crop
growth rate for upland rice at 12 to 16 WAIBSA by 129.44% compared to the control. The
ability of B1-B3 isolates significantly increased the crop growth rate of upland rice with the
highest increase in the B2 by 181.45% compared to the controls at 12 to 16 WAIBSA. The
interaction of the B1S3 significantly increased the crop growth rate of upland rice by 5.76-

folds greater compared to the control.

TABLE 5. The effect of superior bacterial isolates, biogas sludge, and their interactions on
the crop growth rate of upland rice.

Superior bacterial Biogas sludge (S) Average
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isolates (B) SO S1 S2 S3
4-8 WAIBSA
BO 1.434ns 1.598ns 1.823ns 1.806ns 1.665ns
Bl 1.631ns 1.669ns 2.381ns 1.885ns 1.892ns
B2 2.077ns 1.176ns 1.273ns 2.019ns 1.636ns
B3 1.180ns 1.734ns 2.252ns 2.144ns 1.828ns
Average 1.580ns 1.544ns 1.932ns 1.964ns CV=32.28%
8-12 WAIBSA
BO 0.584ns 0.602ns 1.041ns 1.430ns 0.914ns
B1 0.818ns 1.099ns 0.831ns 0.501ns 0.812ns
B2 0.414ns 0.972ns 1.633ns 0.679ns 0.925ns
B3 0.665ns 0.761ns 0.828ns 1.297ns 0.888ns
Average 0.620ns 0.859ns 1.083ns 0.977ns CV=56.17%
12-16 WAIBSA
BO 0.327fgh 0.298gh 0.246h 0.403b-h 0.318b
B1 0.385c-h 0.619a-h 0.384d-h 1.882a 0.817a
B2 0.375e-h 1.005a-h 0.798a-h 1.400a-h 0.895a
B3 0.899a-h 0.811a-h 0.466a-h 0.866a-h 0.761a
Average 0.496b 0.683b 0.474b 1.138a CV=51.07%

Note: values followed by the different letter in the column indicated significantly by DMRT
at P<0.05. ns= not significantly. Dosage of biogas sludge (SO= untreated; S1= 157.5; S2=
315; S3= 630 mL polybag™). Superior bacterial isolates (BO= un-treated; B1= isolate N3, B2=
isolate P7, B3= combination isolates N3+P7).

The effect of selected superior bacterial isolates

The selected superior bacterial isolates (N3 and P7) significantly increased the nutrient uptake
of total-N and crop growth rate of upland rice on ultisols at 12 to 16 WAIBSA, but it had an
insignificant effect on plant height, total fresh weight, total dry weight, nutrient content (total-
N and available-P) in leaf tissue, nutrient uptake of available-P, and crop growth rate of
upland rice at 4 to 8 and 8 to 12 WAIBSA. The superior bacterial isolates (N3, P7, and
N3+P7) could increase the nutrient uptake of total-N in upland rice by 14.64%, 20.77%, and
20.68%, respectively compared to control (Fig. 2). Similar results are also shown in Table 5,
that the crop growth rate of upland rice at 12 to 16 WAIBSA due to selected superior bacterial
isolates (N3, P7, N3+P7) has increased by 2.57; 2.81; and 2.39-folds, respectively compared
to the control. The finding results indicated that the ability of a single isolate by P7 bacteria
was greater in increasing total-N and crop growth rate of upland rice compared to a single

isolate by N3 bacteria and a combination of N3+P7 bacterial isolates. It was due to the
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presence of several organic acids and hormones produced by P7 that can increase the nutrient
uptake of total-N and crop growth rate of upland rice. This result was supported by Mustamu
et al. (2021) that the phosphate solubilizing bacteria isolate (P7) from the biogas sludge
contains organic acids produced such as lactic, oxalic, acetic, citric acids, and it had the
highest ability to solubilize phosphate from calcium triphosphate and rock phosphate was
4.62 and 2.66-folds, respectively compared to the control. Meena et al. (2016) reported that
the availability of nitrogen and phosphorus slightly increased in the application of bio
fertilization with Bacillus cereus, it was due to the production of organic acids and other
chemicals such as citric, tartaric, and oxalic acids which can stimulate plant growth and
nutrients availability. Youssef and Eissa (2017) reported that the increase in vegetative growth
and total biomass was due to increased photosynthesis, translocation, and accumulation of
nutrients. Khan et al. (2020) reported that Bacillus cereus strain SA1 can produce the
gibberellins, indole-acetic acid (IAA), and organic acids. Ferrara et al. (2012) reported that
gibberellins, IAA, and other hormones can increase plant growth under stressful conditions.
Kang et al. (2014) said that PGPB has several mechanisms to increase plant growth with
nitrogen-fixation, phosphate solubilizing, increasing nutrient availability. Suksong et al.
(2016) reported that bacteria of palm oil solid waste from anaerobic digester include:
Ruminococcus sp., Thiomargarita sp., Clostridium sp. Anaerobacter sp., Bacillus sp.,
Sporobacterium sp., Saccharofermentans sp., Oscillibacter sp., Sporobacter sp., and
Enterobacter sp. Liaquat et al. (2017) also reported that an abundance of Bacillus,

Clostridium, and Enterobacter spp in anaerobic digester of wastewater in producing biogas.

The effect of biogas sludge
The dose of biogas sludge significantly increased plant height, total fresh weight (8, 12, and

16 WAIBSA), total dry weight (12 and 16 WAIBSA), nutrient uptake (total-N and available-
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P), and the crop growth rate of upland rice at 8 to 12 WAIBSA, but it had an insignificant
effect on nutrient content (total-N and available-P) in leaf tissue, and crop growth rate of
upland rice (4-8 and 8-12 WAIBSA). An increase in plant height, total dry weight, nutrient
uptake of total-N and available-P, and also crop growth rate of upland rice on ultisols along
with the increase in the dose of biogas sludge to 630 mL polybag™ at the end of this study (16
WAIBSA). However, in contrast to the total fresh weight, an increase along with the increase
in the biogas sludge dose to 315 mL polybag™ then decreased at the dose of 630 mL polybag
1 It was caused the biogas sludge had chemical characteristics such as pH (7.41), total-N
(0.051%), available-P (0.013%), organic-C (0.14%), total-K (0.18%), and biological
characteristics such as total nitrogen-fixing bacteria (29.4x10° CFU mL™) and total phosphate
solubilizing bacteria (7.0x10* CFU mL™?) (Tab. 2). C-organic content and the total population
of nitrogen-fixing and phosphate solubilizing bacteria from the biogas sludge could be
increased the nutrient uptake of total-N and available-P in upland rice along with increasing
the dose of biogas sludge to 630 mL polybag™ (Fig. 2). Therefore, the nutrients absorbed are
used for plant metabolic processes and stimulate the growth of plant height, biomass, and crop
growth rate of upland rice. A similar result was reported by Mustamu and Triyanto (2020)
that the macro and micronutrients from the biogas sludge and also had the population of
nitrogen-fixing and phosphate solubilizing bacteria by 480x10* and 42x10* CFU mL?,
respectively. Ndubuisi-Nnaji et al. (2020) reported that total phosphate solubilizing bacteria
(1.6 to 2.5 CFU mL™) was significantly higher compared to nitrogen-fixing bacteria (0.5-1.4
CFU mLY and a significant increase in nutrient concentration in the order of
N>K>P>Ca>Mg>S in all anaerobic digester bioreactors. Méller and Mdiller (2012) reported

that an increase in concentrations of NH4™-N ranged from 45 to 80% after anaerobic waste.

The interaction effect of selected superior bacterial isolates and biogas sludge
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The interaction of biogas sludge and superior bacterial isolates only significantly increased
the crop growth rate of upland rice on ultisols at 8 to 12 WAIBSA, but it had an insignificant
effect on other parameters in this study. The interaction of NFB Bacillus paramycoides with
biogas sludge at the dose of 630 ml polybag™ (B1S3) showed the highest crop growth rate of
upland rice compared to other interactions and 5.76-fold greater compared to the control. It
was caused by the application of biogas sludge that could increase the contents of soil organic
matter and the total population of beneficial bacteria. Likewise, the characteristics of the
biogas sludge had the organic-C was 0.14%, total nitrogen-fixing bacteria was 29.4x10% CFU
mL, and total phosphate solubilizing bacteria was 7.0x10* CFU mL™ (Tab. 2) could improve
soil quality and support the crop growth rate. This result is supported by Urra et al. (2019)
that the application of sewage sludge in the long-term significantly increases the organic
matter in the soil, which causes a decrease in soil pH due to the nitrification of ammonium in
sewage sludge and the production of organic acids along with the decomposition of organic
matter. Bhardwaj et al. (2014); Carvajal-Mufioz et al. (2012) reported that the application of
biofertilizer had advantages for plants, such as availability of nutrients that are balanced for
plant health, stimulating nutrient mobilization that can increase soil biological activity,
availability of microbial food to encourage the growth of beneficial microorganisms,
increasing the soil organic matter content thereby increasing the cation exchange capacity.
Siswanti and Lestari (2019) reported that the interaction of biogas sludge+biofertilizer (36
mL+10 L ha) significantly increased the plant height, number of leaves, and capcaisin

content in chili pepper compared to a single treatment of biogas sludge and biofertilizer.

Conclusions
The isolates of N3, P7, N3+P7 from the biogas sludge significantly increased the nutrient

uptake of total-N and crop growth rate of upland rice on ultisols with the highest increase
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found in the P7 isolate of 20.77% and 2.81-folds, respectively. The dose of biogas sludge
significantly increased plant height, total dry weight, nutrient uptake of total-N and available-
P, and also crop growth rate of upland rice on ultisols with the highest increase at a dose of
630 mL polybag? by 14.81%; 50.55%; 54.11%; 65.20%; and 129.44%, respectively.
Likewise, the dose of biogas sludge significantly increased the total fresh weight of upland
rice with the highest increase at the dose of 315 mL polybag™ by 41.81%. The interaction of
isolates N3, P7, N3+P7 with the dose of biogas sludge only significantly increased the crop
growth rate of upland rice on ultisols with the highest increase found in the B1S3 by 5.76-

folds.
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[Introduction]

Biogas sludge is the waste by-product installation-from an anaerobic processing system (Feed

and-Agriculture OrganizationFAO, 1997) and has a high nutrient content that can be used as

organic fertilizer to increase soil fertility and plant yields (Adela et al., 2014). l-has-been
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mg L? (Lubis et al., 2014), C/N 8; 0.14% N, 1.12% C (Tepsour et al., 2019), and NHs-N of
ranged-by 91 to-112 mg L™ (Choorit & Wisarnwan, 2007).; The pH may eeuld-ranged byfrom
6.8 to 8.3 ;-and-with the highest bacterial populations wasof-7.21x107 cells per mLml and the
lowest one of was-3.15x107 cells per mkml! (Alvionita et al., 2019). Additionally, Mustamu
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showed the highest nitrogenase activity in Bacillus cereus among 42 different strains of Bacillus
spp. Lim et al. (2018) also reported the dominant bacteria found in the biogas sludge from
anaerobic processing using the pyrosequencing and clone library methods, j.e., Proteobacteria,

Firmicutes, Bacteroidetes, and Thermotogae.l

The application of bacteria from biogas sludge has never been reported in Indonesia en-the

apphaaﬁen—e#baeterkal—isela&esimwbiggas—smdgem-fm_rimproving upland rice growth on

acidic soils. [Thus, it is necessary to test the potential of beneficial bacterial isolates from biogas

[ Formatted: Font: Not Italic ]

[ Formatted: Font: Italic ]

Commented [EDTR29]: Reviewer 3 wrote: | think it is
unnecessary to show all these Bacillus species. Will the authors work
with these genera in this investigation? In materials and methods,
the authors do not say that they work with these bacterial genera. |
recommend explaining more the lines 66-69 since it is the essence of
this work.

Commented [EDTR30R29]: The authors did not reply to this
comment.

Ci ted [EDTR31]: Reviewer 3 wrote: Are acid soils

sludge to increase in-increasing-the availability of nitrogen_and; phosphate, and the_growth
response_-te-the-growth-of upland rice due to application of the biogas sludge and selected
isolates in ultisols. The study was-aimed to evaluate e-the influence of selected superior bacterial
isolates, biogas sludge, and their interaction on the mineral nutrition of the upland rice_grown

in ultisols.

Materials and methods|

Study area

The concentration of total -N and available -P in ultisols and the plant tissue were analyzed in
the Analytical Laboratory of PT. Socfin Indonesia, Medan (Indonesia). The bacterial isolates
were applied to upland rice in the village of Padang Bulan MiHage-(3°37.760' N; 98°38.898' E;
altitude 18 m a.s.l.above-sea-level), Medan Selayang Subdistrict, Medan City, Nerth-Sumatra;

Indonesia, from October 2020 to April 2021. Furthermere The average temperature was 27.4°C,

the average air humidity was 82%, temperature-was274°C-and the average rainfall was

recorded-228.5 mm byper month.

Preparation of medium and upland rice seeds

The medium to grow upland rice plants? used ultisols erder-from the Simalingkar area, Medan

Tuntungan Subdistrict, Medan City, with-at a depth of 0 to 20 cm._One hundred-188 g of soil

representative in Indonesia? What percentage of rice is cultivated
upland in Indonesia? Is it representative? | think that the authors
must state this information here for the enhancement of the
investigation novelty. Furthermore, the authors must show the
importance of using bio-products as an alternative to mineral
fertilization in rice.

{Commented [EDTR32R31]: The authors did not reply to any }

of these comments.

Commented [EDTR33]: Reviewer 3 wrote: The description of
the methodology is brief and doesn’t have details, which does not
allow it to be reproduced. The authors must review the English.

‘| Commented [EDTR34R33]: The authors did not reply to these

{comment&
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samples were taken and analyzed for chemical characteristics such as [pH using HCI 25%]
method-with-spectrophotometer, organic -C by Walkley-Black method-with-spectrophotometer,
available -P by Bray-1l method-with-spectrophetometer, total -N using Kjeldahl method-with

spectropheotometer, and cCation eExchange cCapacity (CEC) and base saturation (K, Ca, Na,

Mg) by ammonium acetate pH 7 method with-atomic-abserption-spectrophotometry-(Tab. 1).
The soil was sterilized by burnirgdrying at 100°°C for 2 heursh. After being incubated for 1

day, the soil was put-placed into a 10 kg polybag with-a-size-of-10-kg. A basic NPK fertilizer

Commented [SM38]: Does this correct? The Note for the table
1 indicates that the pH was measured in H20

soil was incubated but the authors did not answer.

C d [SM40]: What do you mean by soil incubation?

of NPK-Mutiara at a dose of 300 kg ha™ was_applied-given by stirring evenly with the soil.

[Commented [EDTR39]: Reviewer 1 asked the authors why the
[ Commented [SM41]: What were the dimensions of a polybag?

C d [SM42]: Please, indicate the composition of the

Coneurrenthys-Tthe seeds of upland rice (Oryza sativa L. (7)) used was-were of an? inbred

variety of Inpago-8, then soaked in water for 24 hoursh, and-followed by a pPropineb fungicide
(70%) application for 2 heursh. Upland rice was planted after 1 d ene-day-of basic fertilization

with two seeds per polybag at a depth of 2 cm.

TABLE 1, The-cChemical characteristics of the sterile-ultisols soil samples after sterilization at 100°°C.

Chemical characteristics Value Category”
Soil pH (H20) 4.80 Acid
Organic -C (%) 0.44 Very low
Total -N (%) 0.04 Very low
Available -P (mg kg?) 870.25 Very high
CEC (mec/100 g) 28.31 High
Base saturation (%) 4.85 Very low
Exchangeable cations
K (meg/100 g) 0.60 High
Ca (meo/100 g) 0.34 Very low
Mg (meqg/100 g) 0.32 Very low
Na (meag/100 g) 0.09 Very low
Al (%) 0.02 Very low

Seurce—*Criteria for pH H,0 = 4.5-5.5 (acid); organic k-C <1% (very low); total -N <0..1% (very low); available
-P >60 mg kg* (very high); Cation exchange capacity (CEC) = 25-40 meq /100 g™ (high); base saturation <20%
(very low); exchangeable -K= 0.60-1.00 meg /100 g* (high); exchangeable -Ca <2 meg /100 g (very low);

exchangeable -Mg <0.4 meq /100 g* (very low); exchangeable -Na <0.1 meg /100 g™ (very low); exchangeable

-Al <5% (very low) (Soil Research Institute, 2009)|

fertilizer (percentages of N, P and K), the company and the country
of the fertilizer manufacture

Commented [SM43]: What was the dose of the fertilizer per
bag?
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Commented [EDTR44]: Please check this reference and add it
in the original language.

irrelevant. | recommend to write the techniques that allow the soil
characteristics and then state the bibliographic cites
correspondingly.

comment nor changed the table’s footnote.

Commented [SM47]: According to which criteria these are

{Commented [EDTR45]: Reviewer 3 wrote: | think that it is
{ called “superior”?

Commented [EDTR46R45]: The authors neither replied to this }

Preparation of superior bacterial isolates suspension and biogas sludge

The selected superior bacterial isolates used phosphate solubilizing bacteria (P7) which has

been confirmed by Mustamu et al. (2021a) and nitrogen-fixing bacteria or N3 (Mustamu et al.,

Commented [SM48]: The species or the genera of the
microorganisms should be named for each of the treatments P7, N3,
etc., so that the differences between the treatments could be
appreciated.

Without these data, this research may not be reproduced in future
since no information is provided about the bacterial composition of
these isolates.

Commented [EDTR49]: Reviewer 1 asked: why are they
superior bacteria? How were they selected? what species are they?

Commented [EDTR50R49]: The authors did not answer these
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2021b). The isolates were grown on NB medium, and incubated for 48 h. Fhe-Bbacterial growth

in the solution was measured using mpectrophotometer Mith a density of 108 cells per mkml.

d [EDTR51]: Please add the brand, model, city and

@%@ mbml was taken from solution containing nitrogen-fixing baeteria-(N3) bnd phosphate

solubilizing (P7)- bacteria. |

countrv

Commented [EDTR52]: Reviewer 3 wrote: What A was use?

The result that allows this determination is an optical density data.
How the authors know that this date correspondis to 108 cells per
mL?

The biogas sludge was taken-collected from the digester tank at the palm oil mill of PT. Nubika

Jaya, Pinang City, Labuhanbatu District, North Sumatra Province, Indonesial. Bacterial isolates ‘

Commented [EDTR53R52]: The authors did not reply.

What did you do with this?

Commented [EDTR55R54]: The authors did not add any
information.

‘ [Commented [EDTR54]: Reviewer 3 wrote: incomplete.

and biogas sludge were applied to the soil surface at the base of? the plants were-one week after

planting;{—\A,LAll).—{Biogas sludge samples were-taken-at 500 mtml volume were used to analyze

the then-analyzed the chemical and biological characteristics in the laboratory (Tab. 2). |

TABLE 2, The chemical and biological characteristics of the biogas sludge.

Commented [EDTR56]: Reviewer 3 wrote: Is this isolate a
Bacilli? | consider very important that the authors declare this. The
authors must give more data about both bacteria isolates.

{Commented [EDTR57R56]: The authors did not reply to this

comment.

Commented [SM58]: Could you indicate which species or
hybrid of palm was employed? This may have an effect on the
sludge composition
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Characteristics-of b'egas S elge Method Value [authors must give more details about how biogas sludge was taken.
Chemical {Commented [EDTR61R60]: The authors did not provide any
pH Electrometry 7.41 other detail
Chemical oxygen demand/CODb (mg L-l) Spectrophotometry 4547.8 Commented [SM62]: Please, provide the bibliographic
Biological oxygen demand/20D (mg L) Titrimetry 1127.5 reference of the manual used for the biogas sludge analysis
rTOtaI N (0%) Spectrophotometry} 0.051 Commented [EDTR63]: Reviewer 3 wrote: The authors must
TOta:I|;E| ( /0) (0 ) gpectropnotometry 0(50(')()93,7 say how the chemical and biological characteristics of biogas sludge
Auvailable-P (% pectrophotometry .01 were determined, or make a bibliography cite.
K (% i - i
Total -K (%) aGt:g(?th;:fO;umace’ -aAtomic 018 [Commented [EDTR64R63]: The authors did not add a citation.
spectrophotometry AAS (Formatted Font: Bold
brganic,-c (%) Atomic absorption ] 0.14 [Commented [SM65]: Kieldahl?
spectrophotometry (AAS)
. Commented [SM66]: Did you measure the organic C with
'(\:/Iag(z;z) g:ggﬂ::s ;E:zggz:mg 882 { atomic absorption spectrophotometry?
Na (WM) Graphite furnace-AAS h4-41‘ C d [EDTR67]: Reviewer 1 asked: Is it correct? It can
Cu (%) AAS 0.0001 be a very high amount of sodium
. . . [Commented [EDTR68R67]: The authors did not answer.
Total nitrogen-fixing bacteria (CFU rakmlt) Plate count 29.4x10°
Total phosphate solubilizing bacteria (CFU mLml?) Plate count 7.0x10*

Treatments application

This study used a rRandomized bBlock dBesign within two factors and seven replicatesiens.
The first factor was the type of superior bacterial isolates (BO = un-treated; B1 = nitrogen-fixing
bacterial isolate (N3); B2_= phosphate solubilizing bacteria isolate (P7); B3_= combination of

isolates N3+P7) at the-a similar dose, namely 10 mbLml/ polybag™. The second factor was
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dosage-dose of biogas sludge (SO = untreated; S1 = 157.5; S2 = 315; S3 = 630 mLml polybag

16. Determination of biogas sludge based on the dose of liquid organic fertilizer at the oil palm

Ci d [EDTR69]: Reviewer 3 wrote: Why the authors

was 126 m® ha* equal to 126,000 L ha'* (Sutarta et al., 2003), then converted to soil weight per

polybag (Eeq.uatien 1). Each replicateien was [disassembled at 4, 8, and 12 weeks after the

use these biogas sludge concentrations. | think it is important!

Commented [EDTR71]: What do you mean by disassembled?

application of the isolates and biogas sludge applieaﬁe&(WMBSA{VMD for determination of

the crop growth rate (CGR).

The doseof liquid organic fertilizer per ha
soil weight per ha

Biogas sludge = soil weight per polybag 1)

* ( commented [EDTR70R69]: The authors did not reply.

126,000 L ha™
2,000,000 kg ha™

x 10 kg = 630 mim!

J

Parameters and data analysis
Variable-The observations of the variables were conducted by measuring the growth of

upland rice (plant height, and total fresh and dry weight), total -N and available -P contents in

Commented [SM72]: Corresponds to
weeks after application

o wJ I __J

| Commented [EDTR73]: Please change per ha for ha™

Also, add spaces between the words because they are written
together

Please use the equation editor in Word to write these equations. It is
not possible to edit them.

the shoots, total N uptake -N, and available -P. The CGR were-conductedwas determined on
plants at 4-8, 8-12, and 12-16 WAIBSAWAA. Each polybag from each treatment and

replicateion was disassembled iwhen the plants were 4, 8, 12, and 16 WAIBSAWAA, then

) {Commented [EDTR74]: Delete the space between ha and * ]
Ci ted [SM75]: How exactly the plant height was
measured?

Commented [SM76]: The total weight includes aerial parts +
plant roots?

[Commented [EDTR77]: What do you mean by disassembled? ]

measured-the plant height was measured, and the total fresh weight was eenducted-obtained by
weighing the roots and fshoots]. The total dry weight (roots + shoots) was measured after using

anby bven\ at 60%°C for 48 heursh and weighed using by-the analytical scales. A 200 g sample

of the second leaf from the shoots was collected takenby-200-g-and analyzed to determinefer

the total -N using the Kjeldahl method and the available -P was estimated usingby the dry ashing

method through-UN-Vis Speetrophotometer, The ftotal -N and available -P absorption were

[Commented [SM78]: individual culm? ]

Commented [EDTR79]: Please add the model, brand, city and
country.

measured using Eequation {2). The CGR was calculated byas-the dry weight related to the per
unit area using Eequation {3} (Shon et al., 1997):

Uptake-Nnutrient_uptake = nutrient content in the shoots x total dry weight 2)

_AW _ W2-W1
CeR =3 = ©)

C d [SM80]: Please revise the name of this method in
English

the “total N”?
How it is possible to absorb the total nitrogen?
Please check the English spelling
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whereNete:

CGR_——=-_crop growth rate;

W1. = dry weight per unit area at t1;
W2 ——=dry weight per unit area at t2;
t1 ——=first sampling;

t2. = second sampling;

The parameters of the second phase of the study were analyzed by an ANOVA and if the

treatment had a significant effect, then-centinued-followed by -Duncan’'s multiple range test

(DMRT)-at P<0.05 usingwith-SPSS v.20 software.

Results,

Effect of bacterial isolates and biogas sludge on upland rice growth

Plant height of upland rice (em)

The effect of biogas sludge application was significant on the plant height of upland rice at 8,
12, and 16 WAIBSAWAA. Superior bacterial isolates and their interactions did not have a
significant had-an-insignificant-effect on the plant height of upland rice at 4, 8, 12, and 16
WAIBSAWAA (Fig. 1). A significant increase in plant height of upland rice was observed
along-with increased doses of biogas sludge ofte 630 mblml-/polybag™ at 8, 12, and 16
WAIBSAWAA with the highest increase of 14.81% compared to the control at 16
WAIBSAWAA. Although the effect was insignificant;not significant,—it-was-seen-that-the
iselates-combination of isolates B3 and the interaction of B2S3 showed the highest increase in

plant height of upland rice by 2.94% and 22.06%, respectively, compared to the control.

Commented [SM82]: Please, provide the bibliographic
reference or the web page for this software

Commented [EDTR83]: Reviewer 1 wrote: | recommend that
the results part be restructured in its figures and tables. It could only
show figures that show a significant difference, without showing
those that do not have a significant difference.

Reviewer 3 wrote: It is necessary write Results and discussion again
in other form. All the information of this section must be re-
organized. Account of the statistical analysis made and some
information in figures and tables is irrelevant. The figures have
repeated information.

Commented [EDTR84R83]: The authors did not reply to these
comments.

l

Commented [EDTR85]: Reviewer 3 wrote: | consider that it is
necessary to write again Results and discussion in other form. The
information of this section must be re-organized in two aspects: (1)
Effect of bacterial isolates and biogas sludge on upland rice growth.
(2) Effect of bacterial isolates and biogas sludge on upland rice
nutrition. The first point could include:

- Plant height of upland rice

-.Biomass of upland rice

- Crop growth rate of upland rice

The second point could include:

-.Content of total-N and available-P nutrient of upland rice

- Uptake of total-N and available-P nutrient of upland rice
Furthermore, for both points the analysis made from lines 249-332
must be undertaken.

Commented [EDTR86R85]: It seems the authors reorganized
these sections following the reviewer’s suggestion. However, they
did not reply to the comment.
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lFIGURE 1l [Effect of superior bacterial isolates, dosage of biogas sludge and their interactions on plant height of

differed according to the Duncan test indicated-significanthy-by-DMRT-at P<0.05. ns_-= not significantly. Dosage
of biogas sludge (SO_= untreated; S1 = 157.5; S2 = 315; S3_= 630 mLml/-polybag™). Superior bacterial isolates

upland rice at 4, 8, 12, and 16 WAIBSAWAA. Values followed by the different letter in the graph significantly \

" | the appropriate resolution and quality.

Commented [EDTR87]: The word Height in the Y axes must be
in lowercase.
Please add these graphs as independent files to ensure they have

(BO_= un-treated; B1 = isolate N3, B2 = isolate P7, B3 = combination of isolates N3+P7).

Biomass of upland rice {g)

| commented [EDTR88]: Reviewer 3 wrote: If all the treatments

(B x S) are NS then there was not interaction between the factors.
Then it is unnecessary to show the third figure. | recommend to
show only first and second figures. The authors could explore the
possibility that gives them not interaction between the factors for
discussing the result.

The effect of biogas sludge significantly increased the total fresh weight of upland rice at 8, 12, [ LA TR T e oy b ]
. L .. . . \F tted: Font: 10 pt

and 16 WAIBSAWAA. Superior bacterial isolates and their interactions did not have a had-an ( Forma ont: 0P )
‘ [ Formatted: Font: 10 pt J

insignificant effect on the total fresh weight of upland rice at 4-16 WAIBSAWAA (Tab. 3). fﬁ["°’“““°"= Font: 10 pt )
| ( Formatted: Font: 10 pt, Bold )

( Formatted: Font: 10 pt J

[TABLE 3, Effect of superior bacterial isolates, biogas sludge, and their interactions on the total fresh weight (aerial (Formatted: Font: 10 pt J

partsshoot + roots) of individual upland rice plants at 4, 8, 12, and 16 weeks after the application of the isolate and T
biogase sludge (WAA). WAIBSA:

| Commented [EDTR90]: Reviewer 3 wrote: If all the treatments

\ Then it is unnecessary to show the interaction.

(B x S) are NS then there was not interaction between the factors.

Commented [EDTR91R90]: The authors did not reply to this ]

symbol £ in all values of the table.

—1C d [EDTR92]: Please add a space before and after the ]

Total fresh weight + standard error SE (g)
Treatments 4 WAIBSAWAA 8 WAIBSAWAA 12 16 WAIBSAWAA [ comment.

. — WAIBSAWAA (Formatted: Font: Bold
Superior bacterial isolates (B)

BO 4.15+0.21 169.31 + 8.90 215.27 +8.42 229.82+8.94

B1 3.12+0.12 194.50 + 9.35 235.08 +10.32 252.02 £ 10.22

B2 4.52+0.23 162.89 + 11.15 201.85+9.89 230.70 £9.28

B3 3.30+0.25 173.91 + 12.55 220.40 + 15.96 245.03 + 16.32
Biogas sludge (S)

SO 3.7210.24 144.07+9.37 b 182.67+7.14 b 197.56+6.58 b

Sl 3.58+0.27 153.41+7.93 b 190.70+8.90 b 215.65+7.03 b

S2 3.64+0.27 199.68+10.30 a 258.70+9.63 a 280.15+9.25a
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Ci ted [EDTR93]: Reviewer 1 wrote: This is not an

S3 4.15+0.25 203.45+1.36 a 240.52+2.81 a 264.21+2.42 a
Interactions (BxS)
B0SO 4.99+0.33 124.08+5.60 185.64+3.32 192.78+2.96
BOS1 3.47+0.26 160.43+1.16 188.60+5.76 207.05+3.97
B0S2 3.42+0.42 185.97+6.80 232.60+8.75 250.84+7.40
B0S3 4.71+0.42 206.76+5.49 254.23+10.27 268.61+8.85
B1S0 2.80+0.18 155.79+1.12 183.96+5.20 202.88+2.88
B1S1 3.74+0.29 174.82+9.01 227.91+6.38 236.60+6.32
B1S2 3.28+0.40 241.17+5.25 283.60+7.76 296.08+8.05
B1S3 2.67+0.22 206.20+7.23 244.85+6.26 272.52+4.34
B2S0 3.19+0.18 190.90+7.77 215.36+7.67 229.11+6.75
B2S1 4.85+0.38 106.74+13.42 143.16+13.02 179.61+10.36
B2S2 5.20+0.24 148.40+11.59 219.65+5.26 248.72+6.94
B2S3 4.82+0.45 205.53+10.50 229.21+16.57 265.34+9.58
B3S0 3.91+0.30 105.53+3.94 145.72+1.96 165.45+1.11
B3S1 2.25+0.09 171.63+4.90 203.14+7.07 239.34+12.07
B3S2 2.66+0.14 223.17+7.84 298.95+1.51 324.94+3.03
|B3SS 4.37+0.07 195.3146.77 233.79+8.40 250.3818.1d
CVi (%) 56.09 29.68 26.31 20.78

Nete:—vValues followed by the different letter in the column significantly differed according to the Duncan test
indicated-significanthy-by-BMRT-at P<0.05+SE. ns -= not significantly. Dosage of biogas sludge (SO = untreated;
S1 =157.5; S2 = 315; S3 = 630 mLml/-polybag™). Superior bacterial isolates (BO_= un-treated; B1 = isolate N3,
B2 = isolate P7, B3 = combination of isolates N3+P7).

interaction assessment, it is the treatments. In the ANOVA of this
trial there are 16 treatments and 112 experimental units. The
sources of variation evaluated would be (treatments, bacteria,
sludge, and bacteria x sludge interaction). And there may be a
significant difference in treatments without any interaction between
the factors.

[Commented [EDTR94R93]: The authors did not reply to this }

comment.

A significant increase in the total fresh weight of upland rice along-was observed with the higher {Commented [EDTR95]: Please define this on the table’s }
footnote.
increase-in-the-dosage-dose of biogas sludge ofte 315 mLml/-polybag™ at 16 WAIBSAWAA
with the highest increase by-of 41.81% compared to the control. Although the effect was not
significant, i-was-seen-that-the-B1 and the interaction of B3S2 showed the highest increase
in the total fresh weight of upland rice werewith -9.66% and 68.55%, respectively, compared
to the control.
The effect of biogas sludge significantly increased the total dry weight of upland rice at 12 and
16 WAIBSAWAA. Superior bacterial isolates and their interactions had an insignificant effect
on the total dry weight of upland rice at 4 -16 WAIBSAWAA (Tab. 4).
h’ABLE 4 [Effect of superior bacterial isolates, biogas sludge, and their interactions on the total dry weight (aeriat C d [EDTR96]: Reviewer 3 wrote: If all the treatments
partsshoot + roots) of individual upland rice plants at 4, 8, 12, and 16 weeks after the application of isolate and (BxS) are NS, there was not interaction between the factors. Then it
biogase sludge (WAA). i i 812 is unnecessary to show the interaction.
[f‘ ted [EDTR97R96]: The authors did not reply to this }
Total dry weight + standard errorSE (g) comment.
Treatments 4 WAIBSAWAA 8 12 16 [Formatted: Font: Bold ]
WAIBSAWAA  WAIBSAWAA WAIBSAWAA
Superior bacterial isolates (B)
BO 1.38&‘0.06 48.01+1.29 73.60+3.99 82.52+4.18 C ted [EDTR98]: Please add a space before and after the
B1 1.134£0.05 54.09+2.41 76.83+2.66 99.72+4.15 symbol + in all values of the table.
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B2 1.49+0.06 47.30+3.30 73.20£2.28 98.25+3.90
B3 1.15+0.07 52.32+3.39 77.18+4.90 98.47+4.56
Biogas sludge (S)
SO 1.26+0.06 45.51+2.63 62.88+2.19 b 76.78+1.63 ¢
S1 1.23+0.08 44.47+1.71 68.52+2.00 ab 87.65+2.84 bc
S2 1.26+0.08 55.36+3.43 85.69+1.08 a 98.95+1.86 b
S3 1.40+0.06 56.38+1.05 83.73+t3.44 a 115.59+2.11a
Interactions (BxS)
BOSO 1.58+0.08 41.73+2.78 58.08+1.54 67.23+0.96
BOS1 1.12+0.08 45.87+0.83 62.74+1.83 71.08+1.91
B0S2 1.20+0.12 52.25+2.07 81.39+5.48 88.28+5.02
B0s3| 1.60+0.12 52.18+0.29 92.20+3.05 103.49+2.43 (c d [EDTR99]: Reviewer 1 wrote: Idem table 3 )
o MmN mEAT RERE B oot e o
B1S2 1.12+0.10 67.79+1.44 91.05+2.25 101.80+2.40
B1S3 1.02+0.08 53.81+3.76 67.84+1.77 120.54+2.15
B2S0 1.17+0.05 59.32+2.33 70.92+4.20 81.43+3.82
B2S1 1.54+0.10 34.47+2.16 61.69+1.97 89.84+1.41
B2S2 1.73+0.05 37.37+3.74 83.10+1.19 105.46+1.37
B2S3 1.53+0.10 58.05+1.76 77.07+4.27 116.28+1.30
B3S0 1.30+0.07 34.35+7.04 52.98+0.73 78.16+0.48
B3S1 0.85+0.03 49.40+0.08 70.72+1.29 93.44+2.19
B3S2 0.99+0.05 64.05+4.68 87.22+2.90 100.26+1.93
B3S3 1.44+0.02 61.48+2.47 97.80+0.77 122.04+0.20
CV[%) 43.80 31.22 26.54 18.38 {r ted [EDTR101]: Please define this on the table’s }
Nete—vValues followed by the different letter in the column significantly differed according to the Duncan test footnote.
indicated-significanthy-by-BDMRT-at P<0.05+SE. ns= not significantly. Dosage of biogas sludge (S0 _= untreated;
S1.=157.5; S2 = 315; S3 = 630 mLml/-polybag™). Superior bacterial isolates (BO_= un-treated; B1 = isolate N3,
B2 = isolate P7, B3 = combination of isolates N3+P7).
A significant increase in total dry weight of upland rice was observed aleng-with the increase
in the dosage of biogas sludge ofte 630 mkml/-polybag™ at 16 WAIBSAWAA, with the highest
increase of 50.55% compared to the control. Although the effect was_not insignificant, it-was
seen-thatthe-B1 and the interaction of B3S3 showed the highest increase in the total dry weight [r d [EDTR102]: Reviewer 1 wrote: The interaction }
was insignificant

of upland rice-with were-20.84% and 81.53%, respectively, compared to the control.

Crop growth rate of upland rice
The effect of superior bacterial isolates, biogas sludge, and their interactions significantly

increased the crop growth rate of upland rice at 12 to 16 WAIBSAWAA, but it did not have

had-a a-nsignificant effect at 4-8 and 8-12 \WAIBSAWAA (Tab. 5).

h’ABLE 5. EFhe-effect of superior bacterial isolates, biogas sludge, and their interactions on the crop growth rate

of the upland rice.

) {Commented [EDTR103R102]: The authors did not reply to }

this comment.
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generate confusion, take into account the recommendations of the
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Superior bacterial Biogas sludge (S)

isolates (B) S0 s1 s2 s3 Average
4-8 WAIBSAWAA
BO 1.434 1.598 1.823 1.806 1.665
Bl 1.631 1.669 2.381 1.885 1.892
B2 2.077 1.176 1.273 2.019 1.636
B3 1.180 1.734 2.252 2.144 1.828
Average 1.580 1.544 1.932 1.964 [CVF 32.28% C d [EDTR106]: Please define this on the table’s
8-12 WAIBSAWAA footnote.
BO 0.584 0.602 1.041 1.430 0.914
Bl 0.818 1.099 0.831 0.501 0.812
B2 0.414 0.972 1.633 0.679 0.925
B3 0.665 0.761 0.828 1.297 0.888
Average 0.620 0.859 1.083 0.977 CV =56.17%
12-16 WAIBSAWAA
BO 0.327 fgh 0.298 gh 0.246 h 0.403b-h 0.318 b
Bl 0.385 c-h 0.619 a-h 0.384 d-h 1.882a 0.817a
B2 0.375e-h 1.005 a-h 0.798 a-h 1.400a-h 0.895a
B3 0.899 a-h 0.811 a-h 0.466 a-h 0.866a-h 0.761a
Average 0.496 b 0.683 b 0.474b 1.138a CV =51.07%
Nete:—vValues followed by the different letter in the column significantly differed according to the Duncan test
indicated-significanthy-by-BDMRT-at P<0.05. ns_-= not significantly. Dosage of biogas sludge (SO = untreated; S1
=157.5; S2 = 315; S3 = 630 mLm! polybag™). Superior bacterial isolates (B0 = un-treated; B1 = isolate N3, B2 =
isolate P7, B3 = combination_of isolates N3+P7).
The biogas sludge dose of 630 mLml/-polybag™ (S3) significantly increased the highest crop
growth rate for upland rice at 12 to 16 WAIBSAWAA by 129.44% compared to the control.
The ability-ef-isolates B1-B3 iselates-significantly increased the crop growth rate of upland rice
with the highest increase in-thefor B2 ofby 181.45% compared to the controls at 12 to 16
WAIBSAWAA. The interaction of the B1S3 significantly increased the crop growth rate of
upland rice, showing values-by 5.76-times greater compared-tothan those of the control. C ted [EDTR107]: Reviewer 1 asked: how it was
calculated and where it compares with the other treatments
[Commented [EDTR108R107]: The authors did not reply. ]
Effect of bacterial isolates and biogas sludge on upland rice nutrition (¢ d [EDTR109]: Reviewer 1 wrote: In this analysis, it is
necessary to justify the reason why the bacteria achieve a greater
s s < absorption of nutrients such as nitrogen and a higher growth rate,
ACOr“ZErlt of total -N and available -P nutrient-of upland rice but do not achieve a greater height, dry weight and content of N and
P
The effect of biogas sludge, superior bacterial isolates, and their interactions had-andid not have {Commented [EDTR110R109]: The authors did not reply to }
this comment.
a insignificant effect on the nutrient content of total -N and available -P in the upland rice (Fig. ( Formatted: Font: Not Bold )

2). fl'he biogas sludge doses of 315 and 630 mLml/-polybag™ (S2 and S3) explained that the
nutrient-contents of available -P and total -N in the plant tissue of upland rice were higherby

33.33% and 4.53% higher, respectively, compared to the control. The isolate B2 iselate-showed
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the highest-nutrient content of total -N in the plant tissue of upland rice with values by 1.63%

higher than those of eempared-to-the control;_however b4t all isolates (B1-B3) showed a

Commented [SM111]: Do you refer to the contents of available
P in soil or in the plant tissue? If plant tissue, what was the analytical
method to determine the “available” P in the plant tissues?

similar level of available -P in the plant tissue of upland rice with-compared to? the control.

| Commented [EDTR112]: Reviewer 1 wrote: there is no
significant difference should not be analyzed, the differences are

Uptake of total-N and available-P nutrient of upland rice \ | given only by chance. ’
The effect of biogas sludge significantly increased in the nutrient-uptake of total -N and [ g‘gmmentetd [EDTR113R112]: The authors did not reply to ]
\ IS comment.

available -P. The Superior bacterial isolates significantly increased in the rutrient-uptake of ((Formated: Font: Not Bold

total -N. [The interaction of biogas sludge with superior bacterial isolates did not show ahad-ar

explain that there was increase in uptake of nutrient; however,
there was not increase in nutrient content in the rice plants.
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asignificant effect on the autrient-uptake of total -N and available -P of the upland rice (Fig.
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A significant increase in the k%l#ien{—uptake—of total -N ]and available -P in upland rice_was
observed along-with the-inereasea higher inthe dose of biogas sludge ofte 630 mkml/-polybag,”
* with the highest increases of 54.11% and 65.20%, respectively, compared to the control. The
superior bacterial isolates (B1-B3) also significantly increased the putrient-uptake of total -N
for-in upland rice with the highest increase in-with the B2 of by-20.77% compared to the control.
Although the effect was not insignificant, #-was-seen-thatthe-B3 showed the highest increase

in nutrient-uptake of available -P in upland rice was-of 19.93% compared to the control.

Discussion

Fhe-eEffect of selected superior bacterial isolates

The selected superior bacterial isolates (N3 and P7) significantly increased kheﬂutrient uptake
of total -N bnd crop growth rate of upland rice on ultisols at 12 to 16 WAIBSAWAA, but it did
not haved an insignificant effect on plant height, total fresh weight, total dry weight, nutrient
content (total -N and available -P) in leaf tissue, nutrient uptake of available -P, and crop growth
rate of upland rice at 4 to 8 and 8 to 12 \WAIBSAWAA. The superior bacterial isolates (N3, P7,
and N3+P7) could increase the{num’en{ uptake of total -N ]in upland rice by 14.64%, 20.77%,
and 20.68%, respectively, compared to the control (Fig. 2). Similar results are also shown in

Table 5, that-where can be observed that the crop growth rate of upland rice at 12 to 16

WAIBSAWAA due-to-selected-superior-bacterial-isolates{(N3-P7,-N3+P7)-has increased by

2.57,;2.81,; and 2.39 -times, respectively due to the selected superior bacterial isolates (N3, P7,

N3+P7), compared to the control. The findingresults indicated that the ability of a single-isolate

by-P7 bacterial isolate was greater in increasing total -N and crop growth rate of upland rice

compared to a single iselate-by-N3 bacterial isolate and thea combination of N3+P7 bacterial

isolates. This} was due to the presence of several organic acids and hormones produced by P7

that can increase the nutrient uptake of total -N and crop growth rate of upland rice. This result

Commented [SM119]: This phrase makes no physiological

sense. Please check out the English spelling. What does the “nutrient

uptake of total” element stand for?
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298  iwas supported by Mustamu et al. Q20219 who found that the phosphate solubilizing bacterial [r ted [EDTR122]: A or b?

299 isolate (P7) from the biogas sludge contains organic acids-produced such as lactic, oxalic,
300 acetic,_and citric acids, and-it had the highest ability to solubilize phosphate from calcium
301 triphosphate and rock phosphate with values was-4.62 and 2.66_-times_higher, respectively,
302  compared to the control. Meena et al. (2016) reported that the availability of nitrogen and

303  phosphorus in soils slightly increased within the application of bio fertilization with Bacillus

304  cereus; this—it was due to the production of organic acids and other chemicals such as citric,
305 tartaric, and oxalic acids whieh-that can stimulate plant growth and nutrients availability.
306  Youssef and Eissa (2017) reported that the increase in vegetative growth and total biomass was

307  due to increased photosynthesis, translocation, and accumulation of mineral nutrients. Khan et

308 al. (2020) reported that Bacillus cereus strain SA1 can produce the hormones gibberellin,
309 indole-acetic acid (IAA), and organic acids. Ferrara et al. (2012) reported that the hormone

310 gibberellinand; IAA, and-other-hermenes-can increase plant growth under stressful conditions.

311  Kang et al. (2014) said that |PGPB] has several mechanisms to increase plant growth with [Commented [SM123]: What does this abbreviation mean?

312  nitrogen-fixation_and; phosphate solubilizationing, increasing nutrient availability. Suksong et

313  al. (2016) reported that bacteria of palm oil solid waste from_an anaerobic digester include:

314  Ruminococcus sp., Thiomargarita sp., Clostridium sp. Anaerobacter sp., Bacillus sp., Formatted: Font: Not Italic

Formatted: Font: Not Italic

315  Sporobacterium sp., Saccharofermentans sp., Oscillibacter sp., Sporobacter sp., and Formatted: Font: Not Italic

Formatted: Font: Not Italic

316  Enterobacter sp. Liagquat et al. (2017) also reported thatan abundance of Bacillus, Clostridium,

Formatted: Font: Not Italic

317  and Enterobacter spp. in an anaerobic digester of wastewater whenin producing biogas.
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319  FheeEffect of biogas sludge
320 The dose of biogas sludge significantly increased plant height, total fresh weight (8, 12, and 16

321 WAIBSAWAA), total dry weight (12 and 16 WAIBSAWAA), nutrient uptake (total -N and

322 available-P), and the crop growth rate of upland rice at 8 to 12 WAIBSAWAA. However ; but CommentecliSME2s L bt lichicha iRl

plant samples?
What does the “available P” stand for in relation to the nutrient
uptake by the plants in this experiment?
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it did not have-had an insignificant effect on nutrient content (total -N and available -P) in leaf
tissue, and crop growth rate of upland rice (4-8 and 8-12 ‘WAIBSAWAA). An increase in plant
height, total dry weight, nutrient uptake in terms of oftotal -N and available -P, and also crop
growth rate of upland rice on ultisols-aleng with the-increase-ina higher-the dose of biogas
sludge te-of 630 mkml/-polybag™ at the end of this study (16 \A/AJBSAM)J However, in
contrast to the total fresh weight, an increase along with the increase in the biogas sludge dose

to 315 mml/-polybag™ then decreased at the dose of 630 mml/-polybag™. Ht—wa&eaused Tthe

C d [EDTR125]: This sentence is poorly written. It is

biogas sludge had chemical characteristics such as pH (7.41), total -N (0.051%), available -P
(0.013%), organic -C (0.14%), total -K (0.18%), and biological characteristics such as total
nitrogen-fixing bacteria (29.4x10%° CFU mLml™) and total phosphate solubilizing bacteria
(7.0x10% CFU mkml™Y) (Tab.le 2). The C-organic C content and the total population of nitrogen-
fixing and phosphate solubilizing bacteria from the biogas sludge could be-increased the
nutrient uptake in terms of of-total -N and available -P in upland rice aleng-with an increasing
the-dose of biogas sludge ofte 630 mkml/-polybag™ (Fig. 2). Therefore, the nutrients absorbed
are used for plant metabolic processes and stimulate the grewth-ef-plant height, biomass, and
crop growth rate of the upland rice. A similar result was reported by Mustamu and Triyanto
(2020) who determined?-that-the macro and micronutrients from the biogas sludge and alse-had
the population of nitrogen-fixing and phosphate solubilizing bacteria ofby 480x10* and 42x10*
CFU mmkml?, respectively. Ndubuisi-Nnaji et al. (2020) reported that the total phosphate
solubilizing bacteria (1.6 to 2.5 CFU mlml™) was significantly higher compared to nitrogen-
fixing bacteria (0.5--1.4 CFU mkml?) showing—ané a significant increase in nutrient
concentration in the order of N>K>P>Ca>Mg>S in all anaerobic digester bioreactors. Méller
and Mdller (2012) reported that an increase in concentrations of NH4*-N ranged from 45 to

80% after anaerobic waste.

not clear what increased/decreased. Please rewrite this sentence.
The manuscript needs to be checked by a professional translator or
a native speaker to ensure its quality.
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Fheilnteraction effect-of selected superior bacterial isolates and biogas sludge
The interaction of biogas sludge and superior bacterial isolates only significantly increased the

crop growth rate of upland rice on ultisols at 12-16 ‘WAIBSAWAA, but it did not havehad an

insignificant effect on the other parameters in this study. The interaction of NFB |Baci||us

paramycoides Nvith biogas sludge at the dose of 630 mkml/-polybag™ (B1S3) showed the

highest crop growth rate of upland rice compared to other interactions and_was 5.76-times
greater compared to the control. This #-was caused by the application of biogas sludge that
could havebe increased soil organic matter and the total population of beneficial bacteria.
Likewise, the-characteristics-of-the biogas sludge _contained-had the organic -C was-(0.14%),

total nitrogen-fixing bacteria-was (29.4x10° CFU mLml™), and total phosphate solubilizing

named for the first time, what is its function and characteristics,
because the characteristics of the bacteria do not appear in the

C d [EDTR127]: Reviewer 1 wrote: This bacterium is
methodology

Commented [EDTR128R127]: The authors did not reply to
this comment

bacteria was-(7.0x10* CFU mLml™) (Tab. 2) that could improve soil quality and support the

crop growth rate. This result is supported by Urra et al. (2019) who found that the application
of sewage sludge in the long_-term significantly increases the organic matter contents in the
soil, causing which-causes-a decrease in soil pH due to the nitrification of ammonium in sewage
sludge and the production of organic acids along with the decomposition of the organic matter.

Bhardwaj et al. (2014);-and Carvajal-Mufioz and Carmona-Garciaet-al. (2012) showedreperted

[ Formatted: Not Superscript/ Subscript ]
[ Formatted: Not Superscript/ Subscript ]
[Formatted: Font: Not Italic ]

that the application of a biofertilizer had advantages in the plant such as availability of nutrients

that are balanced for plant health. It also; stimulatesing nutrient mobilization that can increase

soil biological activity and the; availability of microbial food to encourage the growth of
beneficial microorganisms, increasing the soil organic matter content and, therefore, thereby
increasing-the cation exchange capacity. Siswanti and Lestari (2019) indicatedreported-that the
interaction of biogas sludge-+biofertilizer (36 mLmI+10 L ha) significantly increased the plant
height, number of leaves, and capcaiscin content in chili pepper compared to a single treatment

of biogas sludge and biofertilizer.

[Conclusions

Commented [EDTR129]: Reviewer 3 wrote: The authors must
review the English in lines 359-361.

The conclusions aren’t the repetition of results. The authors could
make an effort to show emerging properties accounted for in the
results of this work and enhance the practical application and the
investigation novelty.

these comments and kept the same conclusions.
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The isolates 6£N3, P7, N3+P7 from the biogas sludge significantly increased the rutrient-uptake

of total -N (20.77%) and crop growth rate (2.81 times higher than the control?) of upland rice

on ultisols with the highest increase found in-with the P7 isolate. -of 20-77%and-2.81-times;
respectively-The dose of biogas sludge significantly increased plant height (14.81%), total dry
weight (50.55%), autrient-uptake of total -N (54.11%) and available -P_(65.20%), and also crop
growth rate (129.44%) of upland rice on ultisols with the highest increase at a dose of 630 mLml

Ipolybag™.

— Likewise, the
dose of biogas sludge significantly increased the total fresh weight of upland rice by 41.81%

with the highest increase at the dose of 315 mLml/-polybag,* by-41.81%-The interaction of

isolates N3, P7, N3+P7 with the dose of biogas sludge only significantly increased the crop
growth rate of upland rice on ultisols 5.76 times with the highest increase found within-the

B1S3.-by-5-76-times-

Conflict of interest statement

The authors declare that there is no conflict of interest regarding the publication of this article.

Author’s contributions

All authors formulated the overarching research goals and aims, provided the study materials,
developed or designed the methodology. NEM analyzed and interpretation-interpreted the study
data. NEM and MS wrote the initial draft, managed and coordinated the research activity in the

field, data—ceHectionand collected the data. ZN and | verified the overall reproducibility of

results and the other research outputs. AIll authors conducted the critical

review/commentary/revision of the manuscript.

|Literature cited

[ Formatted: Not Superscript/ Subscript ]
[Formatted: Font: 13,5 pt ]
[Formatted: Font: 13,5 pt ]

in the introduction must be updated.

Commented [EDTR132R131]: The authors either replied to

) {Commented [EDTR131]: Reviewer 3 wrote: The literature used
{

this comment nor changed the citations in the text (only added two).

‘ {Formatted: Font: 13,5 pt ]
)

[Formatted: Font: 13,5 pt




396
397
398
399
400
401
‘402
403
404
405
‘406
407
408
409
410
411
412

413

414

415

416

417

418

419

420

19

Adela, B. N., Muzzammil, N., Loh, S. K., & Choo, Y. M. (2014). Characteristics of palm oil
mill effluent (POME) in an anaerobic biogas digester. Asian Journal of Microbiology,
Biotechnology and Environmental Sciences-Paper, 16(1), 225-231.

Alvionita, F., Faizal, M., Komariah, L. N., & Said, M. (2019). Biogas production from palm oil
mill effluent with indigenous bacteria. International Journal on Advanced Science,
Engineering and Information Technology, 9(6), 2060-2066.
https://doi.org/10.18517/ijaseit.9.6.10462-

Ambrosini, A., Stefanski, T., Lisboa, B. B., Beneduzi, A., Vargas, L. K., & Passaglia, L. M. P.
(2016). Diazotrophic bacilli isolated from the sunflower rhizosphere and the potential of
Bacillus mycoides B38V as biofertiliser. Annals of Applied Biology, 168(1), 93-110.
https://doi.org/10.1111/aab.12245.

Bhardwaj, D., Ansari, M. W., Sahoo, R. K., & Tuteja, N. (2014). Biofertilizers function as key
player in sustainable agriculture by improving soil fertility, plant tolerance and crop

productivity. ~ Microbial  Cell Factories, 13,  Article  66{&)—31-10.

[ Formatted: French (France)

https://doi.org/10.1186/1475-2859-13-66-

Carvajal-Mufioz, J. S., & Carmona-Garcia, C. E. (2012). Benefits and limitations of
biofertilization in agricultural practices. Livestock Research for Rural Development,
24(3), Article 431-8.

Choorit, W., & Wisarnwan, P. (2007). Effect of temperature on the anaerobic digestion of palm
oil mill effluent. Electronic Journal of Biotechnology, 10(3), 376-385.
https://doi.org/10.2225/vol10-issue3-fulltext-7-

_(1997). FAO soils Bulletin 40 - China: recycling of

C d [EDTR133]: Please check the year of this

organic wastes in agriculture.-FAO-soHsBuletin40. Food and Agriculture Organization

of the United Nations. FAO— Rome-

https://www.fao.org/publications/card/en/c/34d03d32-bd9f-5d08-aa08-ed2499349eb1/

publication as it seems it is 1977:
https://www.fao.org/publications/card/en/c/34d03d32-bd9f-5d08-
2a08-ed2499349eb1/

N . [Formatted: English (United States)

\{Formatted: Font: Italic



https://doi.org/10.18517/ijaseit.9.6.10462

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

20

Ferrara, F. I. S., Oliveira, Z. M., Gonzales, H. H. S., Floh, E. I. S., & Barbosa, H. R. (2012).
Endophytic and rhizospheric enterobacteria isolated from sugar cane have different
potentials for producing plant growth-promoting substances. Plant and Soil, 353(%), 409-

~417. https://doi.org/10.1007/s11104-011-1042-1-

Kang, S. M., Radhakrishnan, R., You, Y. H., Joo, G. J,, Lee, I. J., Lee, K. E., & Kim, J. H.

(2014). Phosphate solubilizing Bacillus megaterium mj1212 regulates endogenous plant
carbohydrates and amino acids contents to promote mustard plant growth. Indian Journal
of Microbiology, 54(4}, 427—-433. https://doi.org/10.1007/s12088-014-0476-6-

Khan, M. A., Asaf, S., Khan, A. L., Jan, R., Kang, S. M., Kim, K. M., & Leeg, I. J. (2020).

Thermotolerance effect of plant growth-promoting Bacillus cereus SA1 on soybean

[ Formatted: Font: Italic

[Formatted: Font: Italic

during heat stress. BMC  Microbiology, 20(), Article 175114
https://doi.org/10.1186/s12866-020-01822-7-

Liaquat, R., Jamal, A., Tauseef, I., Qureshi, Z., Farooq, U., Imran, M., & Ali, M. I. (2017).
Characterizing bacterial consortia from an anaerobic digester treating organic waste for
biogas production. Polish Journal of Environmental Studies, 26(7), 709-716.
https://doi.org/10.15244/pjoes/59332-

Lim,J. W., Ge, T., & Tong, Y. W. (2018). Monitoring of microbial communities in anaerobic
digestion sludge for biogas optimisation. Waste Management, 71, 334-341.
https://doi.org/10.1016/j.wasman.2017.10.007-

Lubis, F. S., Irvan:, Anwar, D., Harahap, B. A., & Trisakti, B. (2014). Kajian awal pembuatan

pupuk cair organik dari effluent pengolahan lanjut limbah cairpabrikkelapa sawit

(LCPKS) skala pilot-itial-stuies-of-organic-liguid-fertilizer from-further processing




445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

21

palm-oil-mill-effluent (POME)-in-pHot-seale. Jurnal Teknik Kimia USU, 3(1), 32-37.
https://doi.org/10.32734/jtk.v3i1.1499-

Meena, V. S., Bahaur, I., Maurya, B. R., Kumar, A., Meena, R. K., & Verma, J. P. (2016). ( Formatted: Spanish (Spain)
Potassium-solubilizing microorganism in evergreen agriculture: an overview. In V. S. [Formatted: English (United States)
N\ . [Formatted: English (United States)
Meena, V=S, B. R. Maurya,B-R:, J. P. Verma,<—P-, & R. S. Meena fR-S-(Eds.) 2646} | { Formatted: English (United States)
. - A . . 3 \ [Formatted: English (United States)
Potassium solubilizing microorganisms for sustainable agriculture_(pp. 1-20). New ( Formatted: English (United States)
Delhiz Springer—pp——20. https://doi.org/10.1007/978-81-322-2776-2. ( Formatsed: English (United States)
[ Formatted: English (United States)
Moéller, K., & Miller, T. (2012). Effects of anaerobic digestion on digestate nutrient availability ( Formatted: Engiish (United States)
[ Formatted: English (United States)
and crop growth: a A—review. Engineering in Life Sciences, 12(3), 242-257. ( Formatted: English (United States)
[Formatted: Font: Italic
https://doi.org/10.1002/elsc.201100085- ( Formatted: Font: Not Italic
i i i i i . [Formatted: English (United States)
Mustamu, N. E., & Triyanto, Y. (2020). Nature of chemical and biological sludge biogas liquid ( Formatted: English (United States)

waste oil palm. International Journal of Innovative Science and Research Technology,

5(2), 955-957.

O 0 U 0 U JU U ) ()

[ Formatted:

English (United States)

Mustamu, N. E., Nasution, Z., Irvan., & Sembiring, M. (2021a). Isolation of phosphate
solubilizing bacteria from anaerobic digestion sludge of palm oil mill effluent on ultisols.

Plant Cell Biotechnology and Molecular Biology, 22(35—36), 220-230.

[ Formatted:

English (United States)

Mustamu, N. E., Nasution, Z., Irvan:, & Sembiring, M. (2021b). Potential and phylogenetic of
superior bacterial isolates in biogas sludge from anaerobic digestion of palm oil mill

effluent. IOP Conference Series: Earth and Environmental Science, 913, Article 012065

[ Formatted:

Font: Italic

The 4%

Ndubuisi-Nnaji, U. U., Ofon, U. A., Ekponne, N. I., & Offiong, N. A. O. (2020). Improved
biofertilizer properties of digestate from codigestion of brewer’s spent grain and palm oil

mill effluent by manure supplementation. Sustainable Environment Research, 30, Article

14. (1) 111 htips:Hdoi-orgHL0-1186/542834-020-00056-6

[ Formatted:

Font: Italic

(c

d [EDTR134]: This link does not work.




470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

22

Sharma, S. B., Sayyed, R. Z., Trivedi, M. H., & Gobi, T. A. (2013). Phosphate solubilizing

microbes: sustainable approach for managing phosphorus deficiency in agricultural soils.

SpringerPlus, 2, Article 587. https://doi.org/10.1186/2193-1801-2-587-
Shon, T. K., Haryanto, T. A. D., & Yoshida, T. (1997). Dry matter production and utilization

of solar energy in one year old Bupleurum falcatum. Journal of the Faculty of Agriculture

Kyushu University, 41(3-4), 133-13940.

Siswanti, D. U., & Lestari, M. F. (2019). Growth rate and capsaicin level of curly red chili
(Capsicumannum L.) on biofertilizer and biogas sludge application. Jurnal Biodjati, 4(1),
126-137. https://doi.org/10.15575/biodjati.v4i1.4216-

|Soi| Research Institute. (2009). Technical guide 2: chemical analysis of soil, plants, water and

fertilizer. Boger-tndenesia-Ministry of Agriculture;ﬁz%&]

Suksong, W., Kongjan, P., Prasertsan, P., Imai, T., & Sempeng—O-Thong, S. (2016).
Optimization and microbial community analysis for production of biogas from solid
waste residues of palm oil mill industry by solid-state anaerobic digestion. Bioresource
Technology, 214, 166-174. https://doi.org/10.1016/j.biortech.2016.04.077-

Sutarta, E. S., Tobing, P. L., & Sufianto. (2003, June 13-14). Aplikasi limbah cair pabrik kelapa

sawit pada perkebunan kelapa sawit [Conference presentation]. Pertemuan Kelapa Sawit

11, Medan, Indonesia-43-14-Juri-2003.
Tepsour, M., Usmanbaha, N., Rattanaya, T., Jariyaboon, R., O-Thong, S., Prasertsan, P., &
Kongjan, P. (2019). Biogas production from oil palm empty fruit bunches and palm oil

decanter cake using solid-state anaerobic co-digestion. Energies, 12(22), Article 4368.

Commented [EDTR135]: Please add this reference in its
original language.

[ Formatted: English (United States)

https://doi.org/10.3390/en12224368-
Urra, J., Alkorta, 1., Mijangos, |., Epelde, L., & Garbisu, C. (2019). Application of sewage

sludge to agricultural soil increases the abundance of antibiotic resistance genes without



494

495

496

497

498

499

500

501

502

23

altering the composition of prokaryotic communities. Science of the Total Environment,
647, 1410-1420. https://doi.org/10.1016/j.scitotenv.2018.08.092-

Youssef, M. A., & Eissa, M. A. (2017). Comparison between organic and inorganic nutrition
for tomato. Journal of Plant Nutrition, 40(13), 1900-1907.
https://doi.org/10.1080/01904167.2016.1270309-

Zhang, A. M., Zhao, G. Y., Gao, T. G., Wang, W.,, Li, J., Zhang, S. F., & Zhu, B. C. (2013).

Solubilization of insoluble potassium and phosphate by Paenibacillus kribensis CX-7: a

[Formatted: Font: Italic

soil microorganism with biological control potential. African Journal of Microbiology

Research, 7(1), 41-47. https://doi.org/10.5897/AJMR12.1485-



Centro Editorial

Facultad de Ciencias Agrarias
Sede Bogotd

B.FCA.1.008-103-21

Bogota, November 229, 2021

Certificate of acceptance for publication

This certificate was issued to certify that the article entitled “Performance of selected superior
bacterial isolates from biogas sludge on the growth of upland rice in ultisols” submitted on
August 1%, 2021 by the authors Novilda Elizabeth Mustamu, Zulkifli Nasution, Irvan, and
Mariani Sembiring, has been accepted for publication in volume 39 No. 3 (2021) of the journal

Agronomia Colombiana.

Sincerely,

STANISLAV MAGNITSKIY

Editor-in-Chief, revista Agronomia Colombiana
Director del Centro Editorial

Facultad de Ciencias Agrarias

Universidad Nacional de Colombia, sede Bogota

Calle 44 No. 45-67 Bogota, D.C.

Facultad de Ciencias Agrarias

Bloque A3, Oficina 101. Unidad Camilo Torres

agrocol fabog@unal.edu.co Tel: +57 3165355 /57 3165000 ext 10265
Bogota, Colombia

Prepard: JCA — Asistente Editorial

Patrimonio
de todos
los colombianos



M Gmail c}\ Telusuri emai -_T:" @ €E3

2 s € B O B ® @ m D i 87darize? < > A
Revista Agronomia Colombiana <agrocal_fabog@unal edu.cos & Sel, 8Mar20.00 $ &
Ed Kotak Masuk 30 o naAa R
Berbintan : :
W 9 ¥ Deteksibahasa ~ > Indonesia + Terjemahkan pesan Nonaktifkan untuk: Inggris s
(O Ditunda
Dear author:
E> Terkirim
e Edifor in Chief checl the paper one last time before sending it to proofreading and layout design. We enclose the manuscript with some final comments we
D Draf 2 The Editor in Chief checked th I ime beft ding i freadi dl design. W I h i ith final

consider that should be addressed before final acceptance. We look forward to getting the revised version as soon as possible in order to continue with its editorial
v  Selengkapnya process.

Kind regards,
Label +

Stanislav Magnitskiy

Editor en Jefe

Revista Agronomia Colombiana

Blogue A3, Oficina 101, Unidad Camilo Torres
Calle 44 45-67 Bogota, D.C.

agrocol fabog@unal edu.co
tel: +57 3165365 / 67 3165000 ext 10265

Profesor Titular PhD
Departamento de Agronomia
Facultad de Ciencias Agrarias, oficina 331

(R LR T T T R R o



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

\Effect of selected bacteria from biogas sludge on the growth and nutrition

of upland rice

Efecto de las bacterias seleccionadas de los lodos de biogas en el crecimiento y

la nutricion del arroz de secano

Novilda Elizabeth Mustamu®Z, Zulkifli Nasution?*, Irvan3, and Mariani Sembiring?

Doctoral Program in Agricultural Sciences, Faculty of Agriculture, Universitas Sumatera Utara, Sumatera Utara
(Indonesia).

2Program Study of Agrotechnology, Faculty of Agriculture, Universitas Sumatera Utara, Sumatera Utara
(Indonesia).

3Program Study of Chemical Engineering, Faculty of Engineering, Universitas Sumatera Utara, Sumatera Utara
(Indonesia).

*Corresponding author: putrasution@usu-ac-id-nemustamu@gmail.com |

Commented [EDTR1]: Reviewer 1 wrote: | recommend
“Evaluation of selected bacterial isolates from biogas sludge in
upland rice”

Reviewer 3 wrote: The title don’t show effectively the results of
investigation. | recommend the title: Effect of selected bacteria from
biogas sludge on the growth and nutrition of upland rice.

Regarding the term “superior bacterial isolates” reviewer 3 wrote:
What the authors wanted to say? | don’t understand this term.

This reviewer also wrote: The authors evaluated only the effect of
bacteria and biogas sludge on rice growth. They evaluated also the
effect of these treatments on rice nutrition!

Finally, regarding the word “ultisols” reviewer 3 wrote: Why is it
necessary to specify the soil type?

Commented [EDTR2R1]: The authors only considered the
suggestion of reviewer 3 but did not reply to any of the reviewer’s
comments.

C ted [EDTR3]: Please do not change the corresponding

ABSTRACT

This study evaluated the influence of selected superior bacterial isolates (SBI), biogas sludge,

and their interactions on growth and nutrient uptake of upland rice lgrown lin Ultisols. We used
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RESUMEN

El presente estudio evalud la influencia de aislamientos bacterianos superiores seleccionados
(ABS), lodos de biogas y sus interacciones sobre el crecimiento y la absorcion de nutrientes en
el arroz de tierras altas cultivado en ultisoles. Se utiliz6 un disefio de bloques al azar con dos
factores y siete repeticiones desde octubre de 2020 hasta abril de 2021. El primer factor
utilizado seleccioné ABS (BO = sin tratamiento, B1 = aislamiento de bacterias fijadoras de
nitrogeno (N3), B2 = aislamiento de bacterias solubilizantes de fosfato (P7), B3 = combinacién
de aislados (N3+P7)). El segundo factor fue la dosificacion del lodo de biogas dSO = sin

tratamiento, S1 = 157.5; S2 = 315; S3 =630 mI/ponbagD. Los parametros fueron determinados

por analisis de varianza y seguidos de la prueba de rangos maltiples de Duncan a P<0.05. Los

resultados mostraron que el aislamiento P7 aumento significativamente la absorcion de N en

un 20.;77% y la mayertasa de crecimiento del cultivo (TCC) de arroz de tierras altas 2.81 -
veces. Las dosis de lodos de biogas de 315 a 630 ml/polybag aumentaron significativamente la
altura de la planta, la absorcion de-nutrientes-de N y P, el peso fresco y seco total y el TCC de
arroz de tierras altas. La interaccion de N3 con la dosis de lodos de biogés de 630 ml/polybag
aumentd significativamente la TCC del arroz de tierras altas. La aplicacion de los aislamientos
N3y P7 y su combinacion dentro de lodos de biogas de 630 ml/polybag tiene el potencial de

aumentar el TCC de arroz de tierras altas en suelos acidos.

Palabras clave: suelo acido, tasa de crecimiento de cultivos, dosis, potencial de lodo;.
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Biogas sludge is the waste by-product from an anaerobic processing system (FAO, 1977) and
has a high nutrient content that can be used as organic fertilizer to increase soil fertility and the
plants yield (Adela et al., 2014). The following characteristics of the biogas sludge from palm
oil waste have been reported: total N of 490 mg L%, total P of 110 mg L, total K of 1.9 mg L
! (Lubis et al., 2014), C/N 8; 0.14% N, 1.12% C (Tepsour et al., 2019), and NH3-N of 91 -112
mg L (Choorit & Wisarnwan, 2007). The pH may range from 6.8 to 8.3, with the highest
bacterial population of 7.21x107 cells per ml and the lowest one of 3.15x10" cells per ml
(Alvionita et al., 2019). Additionally, Mustamu and Triyanto (2020) reported that the biogas
sludge has nitrogen-fixing and phosphate solubilizing bacteria that have the potential to increase

the availability of nitrogen and phosphate in soils.

The diversity of beneficial bacteria such as nitrogen-fixing and phosphate solubilizing bacteria
has a greater potential to increase soil fertility and plant growth. Zhang et al. (2013) reported
that phosphate solubilizing bacteria play an important role in increasing soil fertility, and plant
yield, and reducing the use of chemical fertilizers. Sharma et al. (2013) described different
[Bacillus species, such as B. circulans, B. cereus, B. fusiformis, B. pumilus, B. megaterium, B.
mycoides, B. coagulans, B. chitinolyticus, and B. subtilis as phosphate solubilizing
microorganisms. Ambrosini et al. (2016) showed the highest nitrogenase activity in Bacillus
cereus among 42 different strains of Bacillus spp. Lim et al. (2018) also reported the dominant
bacteria found in the biogas sludge from anaerobic processing using the pyrosequencing and

clone library methods, i.e., Proteobacteria, Firmicutes, Bacteroidetes, and Thermotogae.

The application of bacteria from biogas sludge has never been reported in Indonesia for

improving upland rice growth on acidic soils, includinge Ultisols. According to the Pusat

Penelitian Tanah dan Agroklimat (Center for Soil and Agro-climate Research); (2000), feund
that-the area in Indonesia covered by Ultisols was 45.8 million ha, or 24% of the total area of

Indonesia. Furthermore, according to the Ministry of Agriculture, the area ef-dedicated to rice
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growing-cultivation in Indonesia was 15,712,025 ha with a the-yield of 81,148,617 ten ha* in

2017 and the contribution of upland rice yield reacheds 4.66% (Kementerian Pertanian,

Ministry-of-Agriculture-2017). The yield contribution of upland rice was classified as low and,

therefore, it is necessary to developfind options in order to-increase welel—l_tt{hmugh—megas

shudge. Thus, it is necessary to test the potential of beneficial bacterial isolates from biogas
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sludge to increase the availability of nitrogen and phosphate, and the growth response of upland
rice due to application of the biogas sludge and selected isolates in Ultisols. The study aimed
to evaluate the influence of selected superior bacterial isolates, biogas sludge, and their

interaction on the mineral nutrition of the upland rice grown in Ultisols.

Materials and methods

Study area
The concentration of total N and bvailable P in Ultisols and in the plant tissue (N and P uptake)

were analyzed fin the Analytical Laboratory of Socfin Indonesia Inc., Medan (Indonesia). The

assures biogas sludge increases yield. It may be an option to
increase it and for that reason it was evaluated in this study.
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bacterial isolates were applied to upland rice in the village of Padang Bulan (3°37.760' N;
98°38.898' E; altitude 18 m a.s.l.), Medan Selayang Subdistrict, Medan City, Indonesia, from

October 2020 to April 2021. The average temperature_was 27.4°C, the average air humidity,

was 82% and average rainfall was in-this-study-were-27.4°C,-82%-and-228.5 mm per month;
respectively.

Preparation of medium and upland rice seeds

The medium to grow upland rice plants used the Ultisols from the Simalingkar area, Medan
Tuntungan Subdistrict, Medan City, at a depth of 0 to 20 cm. One hundred g of soil samples
were taken and analyzed for chemical characteristics such as pH using H2O, organic C by

Walkley-Black, available P by Bray-Il, total N using Kjeldahl method, and cation exchange
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capacity (CEC) and base saturation (K, Ca, Na, Mg) by ammonium acetate pH 7 method (Tab.
1). The soil was sterilized by drying at 100°C for 2 h. For preventing heat from the sterilization
process, the soil wasis incubated for 1 d and then placed into a 10 kg polybag (18 cm x 18 cm).

A basic NPK fertilizer (16-16-16) by [Meroke Tetap Jaya Ind., at a dose of 1.5 g/polybag was

[Commented [EDTR20]: Please add the city and country.

applied by stirring evenly with the soil. The seeds of upland rice (Oryza sativa L.) used-in

thewere of the inbred variety Inpago-8 inbred variety-were-effrom the -Indonesian Agency for

Agricultural Research and Development; ther-were soaked in water for 24 h, followed by thea

application of the fungicide Propineb fungicide-(70%) apphication-for 2 h. Upland rice was

planted after 1 d of basic fertilization with two seeds per polybag at a depth of 2 cm.

TABLE 1. Chemical characteristics of the Ultisols soil samples after sterilization at 100°C.

Chemical characteristics Value Category”
Soil pH (H-0) 4.80 Acid
Organic C (%) 0.44 Very low
Total N (%) 0.04 Very low
Available P (mg kg) 870.25 Very high
CEC (meq 100 g% 28.31 High
Base saturation (%) 4.85 Very low
Exchangeable cations
K (meq 100 g%) 0.60 High
Ca (meq 100 ) 0.34 Very low
Mg (meq 100 g1) 0.32 Very low
Na (meq 100 g% 0.09 Very low
Al (%) 0.02 Very low

[Criteria for pH (H,0) = 4.5-5.5 (acid); organic C <1% (very low); total N <0.1% (very low); available P >60 mg
kg (very high); Cation exchange capacity (CEC) = 25-40 meq 100 g** (high); base saturation <20% (very low);
exchangeable K= 0.60-1.00 meq 100 g** (high); exchangeable Ca <2 meq 100 g** (very low); exchangeable Mg
<0.4 meq 100 g* (very low); exchangeable Na <0.1 meq 100 g (very low); exchangeable Al <5% (very low)
(Balai Penelitian Tanah (Indonesia Soil Research Institute), 2009)]
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While the suspension phosphate solubilizing bacteria isolates, the test was spread over

Pikovskaya (PVK) medium. [The culture medium was incubated for 2 to 3 days at room

temperature. h’he nitrogen-fixing bacterial isolate test was characterized by the presence of
colonies growing on the JNFB medium. The growth of phosphate solubilizing bacterial isolates

wasis indicated by a halo zone around the microbial colonies on thel PVK medium. [Fhe-result
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was-found-in Sseven nitrogen-fixing and seven phosphate--solubilizing isolates were found to

produce total-N and available-P. The isolates of superiorbacteria-were-selected-whichthat -had

showed the highest phosphate and nitrogen increasing abilities were selected, namely phosphate
solubilizing bacteria (P7) and nitrogen-fixing bacteria (N3), which were confirmed by Mustamu

etal. (2021a, 2021b).

rl'he biogas sludge was collected by the fixed tank of digester at the |pa|m oil |mi|| of Nubika
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Jaya Inc., Pinang City, Labuhanbatu District, North Sumatra Province, Indonesia, and then

handled with tongs. ]Bacterial isolates and hiogas sludge were applied to the soil surface at the

base of the plants at one week after planting. Biogas sludge samples at a 500 ml volume were

used to analyze the chemical and biological characteristics (Tab. 2).|

TABLE 2. The chemical and biological characteristics of the biogas sludge.

C d [EDTR28]: The Editor in Chief asked: Could you
indicate which species or hybrid of palm was employed? This may

have an effect on the sludge composition.

{Commented [EDTR29R28]: The authors did not reply.

authors must give more details about how biogas sludge was taken.

{Commented [EDTR30]: Reviewer 3 wrote: | think that the }

Commented [EDTR31R30]: The authors did not add any
information.

Commented [EDTR32]: Reviewer 3 wrote: The authors must
say how the chemical and biological characteristics of biogas sludge
were determined, or make a bibliography cite.

The Editor in Chief also wrote: Please, provide the bibliographic
reference of the manual used for the biogas sludge analysis.

Source: laboratory analysis

Characteristics Method Value [Commented [EDTR33R32]: The authors did not add a citation. ]
pH Electrometry 7.41
Chemical oxygen demand (mg L) Spectrophotometry 4547.8
Biological oxygen demand (mg L) Titrimetry 11275
Total N (%) Kjeldahl 0.051
Total P (%) Spectrophotometry 0.0097
Available-P (%) Spectrophotometry 0.013
Total K (%) Graphite furnace - atomic absorption 0.18
spectrophotometry (AAS)
Organic C (%) Walkley-Black 0.14
Ca (%) Graphite furnace-AAS 0.04
Mg (%) Graphite furnace-AAS 0.04
Na (mg L) Graphite furnace-AAS M4-41‘ {f‘ ted [EDTR34]: Reviewer 1 asked: Is it correct? It can }
Cu (%) AAS 0.0001 be a very high amount of sodium.
Total nitrogen-fixing bacteria (CFU ml) Plate count 29.4x10° [Commented [EDTR35R34]: The authors did not answer. ]
Total phosphate solubilizing bacteria (CFU ml'*)  Plate count 7.0x10* -
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Treatment application

This study used a randomized block design with two factors and seven replicates. The first
factor was the type of superior bacterial isolates (BO = untreated; B1 = nitrogen-fixing bacterial
isolate (N3); B2 = phosphate solubilizing bacteria isolate (P7); B3 = combination of isolates
N3+P7) at a similar dose, namely 10 ml/polybag. The second factor was dose of biogas sludge

(SO = untreated; S1 = 157.5; S2 = 315; S3 = 630 ml/polybag). Determination of biogas sludge

based on the dose of liquid organic fertilizer at the oil palm was 126 m® ha'* equal to 126,000
L ha (Sutarta et al., 2003), then converted to soil weight per polybag (Eq. 1). Each replicate

was bisassembled bt 4, 8, and 12 weeks after the-application (WAA) of what? for determination

Commented [EDTR36]: Reviewer 3 wrote: Why the authors
use these biogas sludge concentrations. | think it is important!

) [Commented [EDTR37R36]: The authors did not reply. ]

[Commented [EDTR38]: What do you mean by disassembled? ]

of the crop growth rate (CGR).

The dose ofliquid organic fertilizer ha=*

Biogas sludge = x s0il weight per polybag 1)

Soil weight ha=?

_ 26,000Lha™?
~ 2,000,000 kg ha—1

x 10 kg =630 ml

Parameters and data analysis

The observations of the variables were conducted by measuring the growth of upland rice (plant<
height, and total fresh and dry weight), rutrient-contents and uptake of N and P in the shoots,
and CGR. The plant height was measured fromby the base of the roots to the tip of leaves using
a measuring tape?, and the total fresh weight was obtained by weighing the roots and shoots.
The total dry weight (roots_+ shoots) was measured after using an oven (model VS-1202D3,
Vision Scientific Co., Ltd-—Korea) at 60°C for 48 h and weighed using the analytical scales. A
200 g sample of the second leaf from the shoots was collected and analyzed to determine the N
content using the Kjeldahl and the P content was estimated using the destruction method
throught dry ashing. The N and P uptake were measured using Equation 2. The CGR was

calculated as the dry weight related to the unit area at 4-8, 8-12, and 12-16 WAA using Equation

3 (Shonetal., 1997):

[Formatted: Indent: First line: 0 cm ]

{Commented [EDTR39]: The Editor in Chief asked: individual }
culm?

[Commented [EDTR40R39]: The authors did not answer. ]
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Nutrient uptake = nutrient content in the shoots x total dry weight 2)
_ AW _ W2-W1
CGR= At T t2-t1 ®)

where:
CGR = crop growth rate;
W1 = dry weight per unit area at t1;
W2 = dry weight per unit area at t2;
t1 = first sampling;

t2 = second sampling;

The parameters of the second phase of the study were analyzed by an ANOVA and if the
treatment had a significant effect, followed by Duncan's multiple range test at P<0.05 using

SPSS v.20 software (IBM, 2011).

Results

Effect of bacterial isolates and biogas sludge on upland rice growth

Plant height of upland rice

The effect of biogas sludge application was significant on the plant height of upland rice at 8,
12, and 16 WAA. Superior bacterial isolates and their interactions did not have a significant
effect on the plant height of upland rice at 4, 8, 12, and 16 WAA (Fig. 1). A significant increase
in plant height of upland rice was observed with irereased-higher doses of biogas sludge of 630
ml/polybag at 8, 12, and 16 WAA with the highest increase of 14.81% compared to the control
at 16 WAA. Although the effect was not significant, the combination of isolates B3 and the
interaction of B2S3 showed the highest in plant height of upland rice by 2.94 and 22.06%,

respectively, compared to the control.

Commented [EDTR41]: Reviewer 1 wrote: | recommend that
the results part be restructured in its figures and tables. It could only
show figures that show a significant difference, without showing
those that do not have a significant difference.

Reviewer 3 wrote: It is necessary write Results and discussion again
in other form. All the information of this section must be re-
organized. Account of the statistical analysis made and some
information in figures and tables is irrelevant. The figures have
repeated information.

{

Commented [EDTR42R41]: The authors did not reply to these
comments.

)

Commented [EDTR43]: Reviewer 3 wrote: | consider that it is
necessary to write again Results and discussion in other form. The
information of this section must be re-organized in two aspects: (1)
Effect of bacterial isolates and biogas sludge on upland rice growth.
(2) Effect of bacterial isolates and biogas sludge on upland rice
nutrition. The first point could include:

- Plant height of upland rice

-.Biomass of upland rice

- Crop growth rate of upland rice

The second point could include:

-.Content of total-N and available-P nutrient of upland rice

- Uptake of total-N and available-P nutrient of upland rice
Furthermore, for both points the analysis made from lines 249-332
must be undertaken.

Commented [EDTR44R43]: It seems the authors reorganized
these sections following the reviewer’s suggestion. However, they
did not reply to the comment.
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FIGURE 1. Effect of superior bacterial isolates, dosage of biogas sludge, and their interactions on plant height of

C d [EDTR45]: Please add these graphs as

upland rice at 4, 8, 12, and 16 WAA. Values followed by the different letter in the graph significantly differed |

according to the Duncan test at P<0.05. ns - not significant. Dosage of biogas sludge (SO = untreated; S1 = 157.5;
S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = un-treated; B1 = isolate N3, B2 = isolate P7;;

B3 = isolates N3+P7-isclates).

Biomass of upland rice

The effect of biogas sludge significantly increased the total fresh weight of upland rice at 8, 12,
and 16 WAA. Superior bacterial isolates and their interactions did not have a significant effect

on the total fresh weight of upland rice at 4-16 WAA (Tab. 3).

independent files to ensure they have the appropriate resolution
and quality.

| commented [EDTR46]: Reviewer 3 wrote: If all the treatments

\ | discussing the result.

(B x S) are NS then there was not interaction between the factors.
Then it is unnecessary to show the third figure. | recommend to

show only first and second figures. The authors could explore the
possibility that gives them not interaction between the factors for

Commented [EDTR47R46]: The authors did not reply to this
comment.

Ci d [EDTR48]: Reviewer 3 wrote: If all the treatments

TABLE 3. Effect of superior bacterial isolates, biogas sludge, and their interactions on the total fresh weight ;

(shoot+roots) of individual upland rice plants at 4, 8, 12, and 16 weeks after the application (WAA).

(B x S) are NS then there was not interaction between the factors.
Then it is unnecessary to show the interaction.

C ted [EDTR49RAS8]: The authors did not reply to this ]

Treatments Total fresh weight + standard error (g)
4 WAA 8 WAA 12 WAA 16 WAA comment.
Superior bacterial isolates (B)
BO 415+0.21 169.31 + 8.90 215.27 £ 8.42 229.82+8.94
B1 3.12+0.12 194.50 + 9.35 235.08 £ 10.32 252.02 £ 10.22
B2 4.52+0.23 162.89 £ 11.15 201.85+9.89 230.70+£9.28
B3 3.30+0.25 173.91 + 12.55 220.40 + 15.96 245.03 + 16.32
Biogas sludge (S)
3.72+0.24 144.07+9.37b 182.67+7.14b 197.56 £6.58 b
S1 3.58 +0.27 153.41+7.93 b 190.70 + 8.90 b 215.65+7.03b
S2 3.64+0.27 199.68 + 10.30 a 258.70£9.63a 280.15+9.25a
S3 4.15+0.25 20345+ 1.36a 240.52+2.8la 264.21+242a

Interactions (BxS)
B0SO 4.99+0.33 124.08 + 5.60 185.64 + 3.32 192.78 £ 2.96
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Ci d [EDTR50]: Reviewer 1 wrote: This is not an

BOS1 3.47 £ 0.26 160.43+ 1.16 188.60 + 5.76 207.05 £ 3.97
B0S2 3.42+£0.42 185.97 + 6.80 232.60 £ 8.75 250.84 £ 7.40
B0S3 4.71+0.42 206.76 £ 5.49 254.23 £ 10.27 268.61 + 8.85
B1SO 2.80+0.18 155.79+ 1.12 183.96 + 5.20 202.88 + 2.88
B1S1 3.74+0.29 174.82 +9.01 227.91+6.38 236.60 + 6.32
B1S2 3.28+£0.40 241.17£5.25 283.60 £ 7.76 296.08 + 8.05
B1S3 2.67+0.22 206.20 £ 7.23 244.85 + 6.26 272.52 £ 4.34
B2S0 3.19+0.18 190.90 + 7.77 215.36 £ 7.67 229.11+£6.75
B2S1 4.85+0.38 106.74 + 13.42 143.16 + 13.02 179.61 + 10.36
B2S2 5.20+0.24 148.40 + 11.59 219.65 + 5.26 248.72 £ 6.94
B2S3 4.82 +0.45 205.53 £ 10.50 229.21 £ 16.57 265.34 £ 9.58
B3SO 3.91+0.30 105.53 + 3.94 145.72 + 1.96 165.45+1.11
B3S1 2.25+0.09 171.63 + 4.90 203.14 £ 7.07 239.34 £ 12.07
B3S2 2.66 +0.14 223.17+7.84 298.95 + 1.51 324.94 + 3.03
B3s3 4.37£0.07 195.3146.77 233.79 + 8.40 250.38 + 8.16
CV (%) 56.09 29.68 26.31 20.78

Values followed by the different letter in the column significantly differed according to the Duncan test at P<0.05.
ns - not significanthy;; CV - coefficient of variation. Dosage of biogas sludge (SO = untreated; S1 = 157.5; S2 =
315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = un-treated; B1 = isolate N3, B2 = isolate P7, B3 =
isolates N3+P7-iselates).

A significant increase in the total fresh weight of upland rice was observed with the higher dose
of biogas sludge of 315 ml/polybag at 16 WAA, with the highest increase of 41.81% compared
to the control. Although the effect was not significant, B1 and the interaction of B3S2 showed
the highest in the total fresh weight of upland rice with 9.66 and 68.55%, respectively,

compared to the control.

The effect of biogas sludge significantly increased the total dry weight of upland rice at 12 and
16 WAA. Superior bacterial isolates and their interactions had an insignificant effect on the

total dry weight of upland rice at 4 -16 WAA (Tab. 4).

h’ABLE 4. [Effect of superior bacterial isolates, biogas sludge, and their interactions on the total dry weight

interaction assessment, it is the treatments. In the ANOVA of this
trial there are 16 treatments and 112 experimental units. The
sources of variation evaluated would be (treatments, bacteria,
sludge, and bacteria x sludge interaction). And there may be a
significant difference in treatments without any interaction between
the factors.

Commented [EDTR51R50]: The authors did not reply to this
comment.

(shoot+roots) of individual upland rice plants at 4, 8, 12, and 16 weeks after the application (WAA).

(B x S) are NS, there was not interaction between the factors. Then it

Ci d [EDTR52]: Reviewer 3 wrote: If all the treatments
is unnecessary to show the interaction.

Total dry weight + standard error (g)

Treatments 4WAA 8 WAA 12 WAA 16 WAA
Superior bacterial isolates (B)
BO 1.38 £ 0.06 48.01+1.29 73.60 + 3.99 82.52+4.18
B1 1.13£0.05 54.09 + 2.41 76.83 + 2.66 99.72 + 4.15
B2 1.49 £ 0.06 47.30 + 3.30 73.20+2.28 98.25 + 3.90
B3 1.15+0.07 52.32 + 3.39 77.18 + 490 98.47 + 4.56
Biogas sludge (S)
SO 1.26 £ 0.06 4551+ 2.63 62.88+2.19b 76.78 £ 1.63¢c
S1 1.23+£0.08 4447 +1.71 68.52 + 2.00 ab 87.65 + 2.84 bc
S2 1.26 £ 0.08 55.36 + 3.43 85.69+1.08a 98.95+1.86b
S3 1.40 £ 0.06 56.38 + 1.05 83.73+3.44a 11559+ 2.11a

Interactions (BxS)

Commented [EDTR53R52]: The authors did not reply to this
comment.
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[" ted [EDTR54]: Reviewer 1 wrote: Idem table 3 ]

{Commented [EDTR55R54]: The authors did not reply to this }

B0SO 1,58+ 0.08 4173+ 2.78 58.08 + 1.54 67.23+0.96
BOS1 1.12£0.08 45.87 +0.83 62.74 + 1.83 7108191
B0S2 1.20£0.12 52,25+ 2.07 81.39 + 5.48 88.28 + 5.02
BOS3 1.60+0.12 5218 +0.29 92.20 +3.05 103.49 + 2.43
B1S0 0.97 0.04 46.64+1.39 69.53 +4.90 80.30 + 4.51
B1S1 1.40£0.07 48.13+2.78 78.91+0.53 96.23 + 1.50 P
B1S2 1.12£0.10 67.79 + 1.44 91.05+2.25 101.80 + 2.40
B1S3 1.02£0.08 53.81+3.76 67.84+ 1.77 120.54 £ 2.15
B250 1.17£0.05 59.32+2.33 70.92 +4.20 8143 +3.82
B2S1 1.54£0.10 34.47+2.16 61.69 + 1.97 89.84 + 1.41
B2S2 1.73£0.05 37.37+3.74 83.10+ 1.19 105.46 + 1.37
B2S3 1.53£0.10 58.05+ 1.76 77.07 +4.27 116.28 + 1.30
B30 1.30£0.07 34.35+7.04 52.98+0.73 78.16 +0.48
B3S1 0.85+0.03 49.40 +0.08 70.72+1.29 93.44 +2.19
B3S2 0.99 £ 0.05 64.05 + 4.68 87.22+2.90 100.26 + 1.93
B3S3 1.44 % 0.02 61.48 + 2.47 97.80 +0.77 122.04+0.20

vV (%) 43.80 3122 2654 18.38

Values followed by the different letter in the column significantly differed according to the Duncan test at P<0.05.
ns= not significanthy; CV - coefficient of variation. Dosage of biogas sludge (SO = untreated; S1 = 157.5; S2 =
315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = un-treated; B1 = isolate N3, B2 = isolate P7, B3 =
isolates N3+P7-iselates).

A significant increase in total dry weight of upland rice was observed with the increase in the

dosage of biogas sludge of 630 ml/polybag at 16 WAA, with the highest increase of 50.55%

compared to the control. Although the effect was not significant, B1 and the interaction|of B3S3
showed the highest in the total dry weight of upland rice with 20.84 and 81.53%, respectively,

compared to the control.

Crop growth rate of upland rice
The effect of superior bacterial isolates, biogas sludge, and their interactions significantly
increased the crop growth rate of upland rice at 12 to 16 WAA, but it did not have a significant

effect at 4-8 and 8-12 WAA (Tab. 5).

h’ABLE 5.|Effect of superior bacterial isolates, biogas sludge, and their interactions on the crop growth rate of the

Ci ted [EDTR56]: Reviewer 1 wrote: The interaction was
insignificant

comment.

‘ {Commented [EDTR57R56]: The authors did not reply to this }

upland rice: 4, 8, 12, and 16 weeks after the application (WAA).

Superior bacterial Biogas sludge (S)

isolates (B) S0 S1 352 S3 Average
4-8 WAA
BO 1.434 1.598 1.823 1.806 1.665
B1 1.631 1.669 2.381 1.885 1.892
B2 2.077 1.176 1.273 2.019 1.636
B3 1.180 1.734 2.252 2.144 1.828
Average 1.580 1.544 1.932 1.964 CV =32.28%

generate confusion, take into account the recommendations of the

C d [EDTR58]: Reviewer 1 wrote: This table can
previous tables.

comment.

) {Commented [EDTR59R58]: The authors did not reply to this }
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8-12 WAA
BO 0.584 0.602 1.041 1.430 0.914
Bl 0.818 1.099 0.831 0.501 0.812
B2 0.414 0.972 1.633 0.679 0.925
B3 0.665 0.761 0.828 1.297 0.888
Average 0.620 0.859 1.083 0.977 CV =56.17%
12-16 WAA
BO 0.327 fgh 0.298 gh 0.246 h 0.403b-h 0.318 b
B1 0.385 c-h 0.619 a-h 0.384 d-h 1.882a 0.817a
B2 0.375e-h 1.005 a-h 0.798 a-h 1.400a-h 0.895a
B3 0.899 a-h 0.811a-h 0.466 a-h 0.866a-h 0.761a
Average 0.496 b 0.683 b 0.474 b 1.138a CV =51.07%

Values followed by the different letter in the column significantly differed according to the Duncan test at P<0.05.
ns - not significanthy;; CV - coefficient of variation. Dosage of biogas sludge (SO = untreated; S1 = 157.5; S2 =
315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = un-treated; B1 = isolate N3, B2 = isolate P7, B3 =
isolates N3+P7-iselates).

The biogas sludge dose of 630 ml/polybag (S3) significantly increased the highest crop growth
rate for upland rice at 12 to 16 WAA by 129.44% compared to the control. The isolates B1-B3
significantly increased the crop growth rate of upland rice with the highest increase for B2 of
181.45% compared to the controls at 12 to 16 WAA. The interaction of the B1S3 significantly

increased the crop growth rate of upland rice, showing values |5.76;times lgreater than those of

the control.

[Effect of bacterial isolates and biogas sludge on upland rice nutrition

Commented [EDTR60]: Reviewer 1 asked: how it was

calculated and where it compares with the other treatments
[Commented [EDTR61R60]: The authors did not reply. ]

C d [EDTR62]: Reviewer 1 wrote: In this analysis, it is

Nutriept-Ceontent of N and P in the upland rice

The effect of biogas sludge, superior bacterial isolates, and their interactions did not have a
significant effect on the-nutrient content of N and P in the upland rice (Fig. 2). The biogas
sludge doses of 315 and 630 ml/polybag (S2 and S3) explained that the contents of P and N in
the plant tissue of upland rice were 33.33 and 4.53% higher, respectively, compared to the
control. The isolate B2 showed the highest content of N in the plant tissue of upland rice with
values 1.63% higher than those of the control; however, all isolates (B1-B3) showed a similar

level of P in the plant tissue of upland rice compared to the control,|

necessary to justify the reason why the bacteria achieve a greater
absorption of nutrients such as nitrogen and a higher growth rate,
but do not achieve a greater height, dry weight and content of N and
P.

Commented [EDTR63R62]: The authors did not reply to this
comment.

Commented [EDTR64]: This expression does not make sense.
The right phrase is content of N and P.

Commented [EDTR65]: The Editor in Chief asked: Do you refer
to the contents of available P in soil or in the plant tissue? If plant
tissue, what was the analytical method to determine the “available”
P in the plant tissues?

[Commented [EDTR66R65]: The authors did not answer. ]

Nutrient-uUptake of N and P in the upland rice

C ted [EDTR67]: Reviewer 1 wrote: there is no
significant difference should not be analyzed, the differences are
given only by chance.

Commented [EDTR68R67]: The authors did not reply to this
comment.
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The effect of biogas sludge significantly increased in the nutrient-uptake of N and P. The
superior bacterial isolates significantly increased in the nutrient—uptake of nitrogen. The
interaction of biogas sludge with superior bacterial isolates did not show a significant effect on

the nutrient uptake of N and P in the upland rice (Fig. 2).

A significant increase in the jautrient-uptake of N and P in upland rice was observed with a

C ted [EDTR69]: The Editor in Chief wrote: This phrase

higher dose of biogas sludge of 630 ml/polybag, with the highest increases of 54.11 and
65.20%, respectively, compared to the control. The superierbacterial isolates {B1-B3} also
significantly increased the-rutrient-uptake of N in the upland rice with the highest increase with
the B2 of 20.77% compared to the control. Although the effect was not significant, B3 showed

the highest in-nutrient-uptake of P in the upland rice of 19.93% compared to the control.
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[FIGURE 2.[The effect of superior bacterial isolates, dosage of biogas sludge, and their interactions on the nutrient

makes no physiological sense. Please check out the English spelling.
What does the “nutrient uptake of total” element stand for?

You can use the phrase “nutrient uptake” when referring to the
nutrients the plant absorbs in general. Nutrient uptake of N and P is
redundant and does not make any sense. Please use only “uptake of
N and/or P”

| Commented [EDTR70]: Please add the names of the Y axes.
They should appear next to the axes.

Please add these graphs as independent files to ensure they have
the appropriate quality and resolution.

content and uptake of N and P in the upland rice. Values followed by different letters significantly differed

according to the Duncan test at P<0.05. ns - not significant. Dosage of biogas sludge (SO = untreated; S1 = 157.5;

~| Commented [EDTR71]: Reviewer 3 wrote: If all the treatments

(B x S) are NS then there was not interaction between the factors.
Then it is unnecessary to show the third figure. | recommend to
show only first and second figures.
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comment.
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S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = untreated; B1 = isolate N3, B2 = isolate P7, B3
= N3+P7 isolates).

Discussion

Effect of selected superior bacterial isolates

The selected superior bacterial isolates (N3 and P7) significantly increased the-nutrient uptake |
of nitrogen and crop growth rate of upland rice on Ultisols at 12 to 16 WAA, but it did not have

a significant effect on plant height, total fresh weight, total dry weight, nutrient content (N and

P) in leaf tissue, nutrient-uptake of phosphorus, and crop growth rate of upland rice at 4 to 8

and 8 to 12 WAA. The superior bacterial isolates (N3, P7, and N3+P7) could increase the

kqamen{—uptake of nitrogen \in upland rice by 14.64%, 20.77%, and 20.68%, respectively,

compared to the control (Fig. 2). Similar results are also shown in Table 5, where can be
observed that the crop growth rate of upland rice at 12 to 16 WAA has increased 2.57, 2.81,
and 2.39 times, respectively due to the selected superior bacterial isolates (N3, P7, N3+P7),
compared to the control. The results indicate that the ability of a single P7 bacterial isolate was
greater in increasing the nitrogen and crop growth rate of upland rice compared to a single N3
isolate and the combination of N3+P7 isolates. This was due to the presence of several organic
acids and hormones produced by P7 that can increase the rutrient-uptake of nitrogen and crop
growth rate of upland rice. This result is supported by Mustamu et al. (2021a) who found that
the phosphate solubilizing bacterial isolate (P7) from the biogas sludge contains organic acids
such as lactic, oxalic, acetic, and citric acids, and had the highest ability to solubilize phosphate
from calcium triphosphate and rock phosphate with values 4.62 and 2.66 times higher,
respectively, compared to the control. Meena et al. (2016) reported that the availability of
nitrogen and phosphorus in soils slightly increased with the application of bio fertilization with
Bacillus cereus; this was due to the production of organic acids and other chemicals such as

citric, tartaric, and oxalic acids that can stimulate plant growth and nutrient availability. Youssef
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and Eissa (2017) reported that the increase in vegetative growth and total biomass was due to
increased photosynthesis, translocation, and accumulation of mineral nutrients. Khan et al.
(2020) reported that Bacillus cereus strain SA1 can produce the hormones gibberellin, indole-
acetic acid (IAA), and organic acids. Ferrara et al. (2012) reported that the hormone gibberellin
and IAA, can increase plant growth under stressful conditions. Kang et al. (2014) said that the
pPlant gGrowth-pPromoting bBacteria (PGPB) has several mechanisms to increase plant
growth with nitrogen-fixation and phosphate solubilization, increasing nutrient availability.
Suksong et al. (2016) reported that bacteria of palm oil solid waste from an anaerobic digester
include Ruminococcus sp., Thiomargarita sp., Clostridium sp. Anaerobacter sp., Bacillus sp.,
Sporobacterium sp., Saccharofermentans sp., Oscillibacter sp., Sporobacter sp., and
Enterobacter sp. Liaquat et al. (2017) also reported abundance of Bacillus, Clostridium, and

Enterobacter spp. in an anaerobic digester of wastewater when producing biogas.

Effect of biogas sludge
The dose of biogas sludge significantly increased plant height, total fresh weight (8, 12, and 16

WAA), total dry weight (12 and 16 WAA), [nutrient uptake (N and P), bnd the crop growth rate
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(29.4x10° CFU ml) and total phosphate solubilizing bacteria (7.0x10* CFU mlY) (Tab. 2). The
organic C content and the total population of nitrogen-fixing and phosphate solubilizing
bacteria from the biogas sludge could increase the nutrient uptake in terms of nitrogen and
phosphorus in upland rice with an increasing dose of biogas sludge of 630 ml/polybag (Fig. 2).
Therefore, the nutrients absorbed are used for plant metabolic processes and stimulate the plant
height, biomass, and crop growth rate of the upland rice. A similar result was reported by
Mustamu and Triyanto (2020) who determined_the macro and micronutrients from the biogas
sludge and the population of nitrogen-fixing and phosphate solubilizing bacteria of 480x10*
and 42x10* CFU ml?, respectively. Ndubuisi-Nnaji et al. (2020) reported that the total
phosphate solubilizing bacteria (1.6 to 2.5 CFU ml?) was significantly higher compared to
nitrogen-fixing bacteria (0.5-1.4 CFU ml?) showing a significant increase in nutrient
concentration in the order of N>K>P>Ca>Mg>S in all anaerobic digester bioreactors. Méller
and Mdller (2012) reported that an increase in concentrations of NH4*-N ranged from 45 to

80% in the anaerobic waste.

Interaction of selected superior bacterial isolates and biogas sludge

The interaction of biogas sludge and superior bacterial isolates only significantly increased the
crop growth rate of upland rice on Ultisols at 12-16 WAA, but it did not have a significant
effect on the other parameters in this study. The interaction of B1 with biogas sludge at the dose
of 630 ml/polybag (B1S3) showed the highest crop growth rate of upland rice compared to
other interactions and was 5.76 -times greater compared to the control. This was caused by the
application of biogas sludge that could have increased soil organic matter and the total
population of beneficial bacteria. Likewise, the biogas sludge contained organic C (0.14%),
total nitrogen-fixing bacteria (29.4x10° CFU ml?), and total phosphate solubilizing bacteria

(7.0x10* CFU mlY) (Tab. 2) that could improve soil quality and support the crop growth rate.
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This result is supported by Urra et al. (2019) who found that the application of sewage sludge
in the long term significantly increases the organic matter contents in the soil, causing a
decrease in soil pH due to the nitrification of ammonium in sewage sludge and the production
of organic acids along with the decomposition of the organic matter. Bhardwaj et al. (2014);
Carvajal-Mufioz and Carmona-Garcia (2012) showed that the application of a biofertilizer had
advantages in the plant such as availability of nutrients that are balanced for plant health. It also
stimulates nutrient mobilization that can increase soil biological activity and the availability of
microbial food to encourage the growth of beneficial microorganisms, increasing the soil
organic matter content and, therefore, the cation exchange capacity. Siswanti and Lestari (2019)
indicated that the interaction of biogas sludge+biofertilizer (36 mI+10 L ha) significantly
increased the plant height, number of leaves, and capseaicin content in chili pepper compared

to a single treatment of biogas sludge and biofertilizer.

Conclusions

The isolates N3, P7, N3+P7 from the biogas sludge significantly increased the autrient-uptake
of nitrogen (20.77%) and crop growth rate (2.81 times higher than the control) of upland rice
on Ultisols with the highest increase found with the P7 isolate. The dose of biogas sludge
significantly increased plant height (14.81%), total dry weight (50.55%), nutrient-uptake of
nitrogen (54.11%) and phosphorus (65.20%), and also crop growth rate (129.44%) of upland
rice on Ultisols with the highest increase at a dose of 630 ml/polybag. Likewise, the dose of
biogas sludge significantly increased the total fresh weight of upland rice by 41.81% with the
highest increase at the dose of 315 ml/polybag. The interaction of isolates N3, P7, N3+P7 with
the dose of biogas sludge only significantly increased the crop growth rate of upland rice on

Ultisols 5.76 times with the highest increase found with B1S3.

Conflict of interest statement



376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

18

The authors declare that there is no conflict of interest regarding the publication of this article.

Author’s contributions

All authors formulated the overarching research goals and aims, provided the study materials,
developed or designed the methodology. NEM analyzed and interpreted the study data. NEM
and MS wrote the initial draft, managed and coordinated the research activity in the field, and
collected the data. ZN and | verified the overall reproducibility of results and the other research

outputs. All authors conducted the critical review/commentary/revision of the manuscript.

Literature cited

Adela, B. N., Muzzammil, N., Loh, S. K., & Choo, Y. M. (2014). Characteristics of palm oil
mill effluent (POME) in an anaerobic biogas digester. Asian Journal of Microbiology,
Biotechnology and Environmental Sciences, 16(1), 225-231.

Alvionita, F., Faizal, M., Komariah, L. N., & Said, M. (2019). Biogas production from palm oil
mill effluent with indigenous bacteria. International Journal on Advanced Science,
Engineering and Information Technology, 9(6), 2060-2066.
https://doi.org/10.18517/ijaseit.9.6.10462

Ambrosini, A., Stefanski, T., Lisboa, B. B., Beneduzi, A., Vargas, L. K., & Passaglia, L. M. P.
(2016). Diazotrophic bacilli isolated from the sunflower rhizosphere and the potential of
Bacillus mycoides B38V as biofertiliser. Annals of Applied Biology, 168(1), 93-110.
https://doi.org/10.1111/aab.12245

Bhardwaj, D., Ansari, M. W., Sahoo, R. K., & Tuteja, N. (2014). Biofertilizers function as key
player in sustainable agriculture by improving soil fertility, plant tolerance and crop
productivity. Microbial Cell Factories, 13, Article 66. https://doi.org/10.1186/1475-

2859-13-66


https://doi.org/10.18517/ijaseit.9.6.10462

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

19

Carvajal-Mufioz, J. S., & Carmona-Garcia, C. E. (2012). Benefits and limitations of
biofertilization in agricultural practices. Livestock Research for Rural Development,

24(3), Article 43.

HPusat Penelitian Tanah dan Agroklimat. (2000). Atlas peta tanah Indonesia. Jakarta

(

Formatted: Font: Italic

)

Puslittanak. Begertndonesia}]

Choorit, W., & Wisarnwan, P. (2007). Effect of temperature on the anaerobic digestion of palm
oil mill effluent. Electronic Journal of Biotechnology, 10(3), 376-385.
https://doi.org/10.2225/vol10-issue3-fulltext-7

FAO. (1977). FAO soils Bulletin 40 - China: recycling of organic wastes in agriculture.. Food
and Agriculture Organization of the United Nations.
https://www.fao.org/publications/card/en/c/34d03d32-bd9f-5d08-aa08-ed2499349eb1/

Ferrara, F. I. S., Oliveira, Z. M., Gonzales, H. H. S., Floh, E. I. S., & Barbosa, H. R. (2012).
Endophytic and rhizospheric enterobacteria isolated from sugar cane have different
potentials for producing plant growth-promoting substances. Plant and Soil, 353, 409—

417. https://doi.org/10.1007/s11104-011-1042-1

fa ) Raca Nn1in a) 009 achn a ae . nam N a a

water-and-fertilizer—Ministry-of Agriculture Republic Indonesia-{Balai Penelitian Tanah.

[

Commented [EDTR76]: Please move this reference according
to the alphabetical order.

)

(2009). Petunjuk teknis 2: Analisis kimia tanah, tanaman, air, dan pupuk. Kementerian ( Formatted: Font; Italic
Pertanian,—lﬂdenesia}.] {f‘ ted [EDTR77]: Please move this reference according

to the alphabetical order.

International Business-Machines-Corperation]BM. (2011). |BM SPSS statistics for Windows: ( Formatted: Font; Italic

vMersion 20.0. Armenk:-New-York:International Business Machines Corporation. ( Formatted: Font: Italic

)
)
)
)

Kang, S. M., Radhakrishnan, R., You, Y. H., Joo, G. J., Lee, I. J., Lee, K. E., & Kim, J. H.

(2014). Phosphate solubilizing Bacillus megaterium mj1212 regulates endogenous plant



424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

20

carbohydrates and amino acids contents to promote mustard plant growth. Indian Journal
of Microbiology, 54, 427-433. https://doi.org/10.1007/s12088-014-0476-6

Khan, M. A., Asaf, S., Khan, A. L., Jan, R., Kang, S. M., Kim, K. M., & Lee, I. J. (2020).
Thermotolerance effect of plant growth-promoting Bacillus cereus SA1 on soybean
during heat stress. BMC Microbiology, 20, Article 175. https://doi.org/10.1186/s12866-
020-01822-7

Liaquat, R., Jamal, A., Tauseef, I., Qureshi, Z., Farooq, U., Imran, M., & Ali, M. I. (2017).
Characterizing bacterial consortia from an anaerobic digester treating organic waste for
biogas production. Polish Journal of Environmental Studies, 26(7), 709-716.
https://doi.org/10.15244/pjoes/59332

Lim, J. W., Ge, T., & Tong, Y. W. (2018). Monitoring of microbial communities in anaerobic
digestion sludge for biogas optimisation. Waste Management, 71, 334-341.
https://doi.org/10.1016/j.wasman.2017.10.007

Lubis, F. S., Irvan, Anwar, D., Harahap, B. A., & Trisakti, B. (2014). Kajian awal pembuatan
pupuk cair organik dari effluent pengolahan lanjut limbah cair pabrik kelapa sawit
(LCPKS)  skala  pilot. Jurnal  Teknik Kimia USU, 3(1), 32-37.
https://doi.org/10.32734/jtk.v3i1.1499

Meena, V. S., Bahaur, I., Maurya, B. R., Kumar, A., Meena, R. K., & Verma, J. P. (2016).
Potassium-solubilizing microorganism in evergreen agriculture: an overview. In V. S.
Meena, B. R. Maurya, J. P. Verma, & R. S. Meena (Eds.), Potassium solubilizing
microorganisms  for  sustainable  agriculture (pp. 1-20). Springer.

https://doi.org/10.1007/978-81-322-2776-2

[Kementerian Pertanian. (2017). Produksi tanaman pangan di Indonesia}.

Commented [EDTR78]: Please move this reference according
to the alphabetical order.

)

[Formatted: Font: Italic

)




448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

21

Moller, K., & Muller, T. (2012). Effects of anaerobic digestion on digestate nutrient availability
and crop growth: a review. Engineering in Life Sciences, 12(3), 242-257.
https://doi.org/10.1002/elsc.201100085

Mustamu, N. E., & Triyanto, Y. (2020). Nature of chemical and biological sludge biogas liquid
waste oil palm. International Journal of Innovative Science and Research Technology,
5(2), 955-957.

Mustamu, N. E., Nasution, Z., Irvan, & Sembiring, M. (2021b). Potential and phylogenetic of
superior bacterial isolates in biogas sludge from anaerobic digestion of palm oil mill
effluent. IOP Conference Series: Earth and Environmental Science, 913, Article 012065

Mustamu, N. E., Nasution, Z., Irvan., & Sembiring, M. (2021a). Isolation of phosphate
solubilizing bacteria from anaerobic digestion sludge of palm oil mill effluent on ultisols.
Plant Cell Biotechnology and Molecular Biology, 22(35-36), 220-230.

Ndubuisi-Nnaji, U. U., Ofon, U. A., Ekponne, N. I., & Offiong, N. A. O. (2020). Improved
biofertilizer properties of digestate from codigestion of brewer’s spent grain and palm oil
mill effluent by manure supplementation. Sustainable Environment Research, 30, Article
14.

Sharma, S. B., Sayyed, R. Z., Trivedi, M. H., & Gobi, T. A. (2013). Phosphate solubilizing
microbes: sustainable approach for managing phosphorus deficiency in agricultural soils.
SpringerPlus, 2, Article 587. https://doi.org/10.1186/2193-1801-2-587

Shon, T. K., Haryanto, T. A. D., & Yoshida, T. (1997). Dry matter production and utilization
of solar energy in one year old Bupleurum falcatum. Journal of the Faculty of Agriculture
Kyushu University, 41(3-4), 133-139.

Siswanti, D. U., & Lestari, M. F. (2019). Growth rate and capsaicin level of curly red chili
(Capsicumannum L.) on biofertilizer and biogas sludge application. Jurnal Biodjati, 4(1),

126-137. https://doi.org/10.15575/biodjati.v4i1.4216



473
474
475
476
‘477
478
‘479
480
481
482
483
484
485
486
487
488
489
490
491
492
493

494

22

Suksong, W., Kongjan, P., Prasertsan, P., Imai, T., & O-Thong, S. (2016). Optimization and
microbial community analysis for production of biogas from solid waste residues of palm
oil mill industry by solid-state anaerobic digestion. Bioresource Technology, 214, 166—
174. https://doi.org/10.1016/j.biortech.2016.04.077

Sutarta, E. S., Tobing, P. L., & Sufianto\. (2003, June 13-14). Lb\plikasi limbah cair pabrik kelapa

sawit pada perkebunan kelapa sawit [Conference presentation]. Pertemuan Kelapa Sawit
11, Medan, Indonesia;Jure-13-14.2003.

Tepsour, M., Usmanbaha, N., Rattanaya, T., Jariyaboon, R., O-Thong, S., Prasertsan, P., &
Kongjan, P. (2019). Biogas production from oil palm empty fruit bunches and palm oil
decanter cake using solid-state anaerobic co-digestion. Energies, 12(22), Article 4368.
https://doi.org/10.3390/en12224368

Urra, J., Alkorta, 1., Mijangos, I., Epelde, L., & Garbisu, C. (2019). Application of sewage
sludge to agricultural soil increases the abundance of antibiotic resistance genes without
altering the composition of prokaryotic communities. Science of the Total Environment,
647, 1410-1420. https://doi.org/10.1016/j.scitotenv.2018.08.092

Youssef, M. A., & Eissa, M. A. (2017). Comparison between organic and inorganic nutrition
for tomato. Journal of Plant Nutrition, 40(13), 1900-1907.
https://doi.org/10.1080/01904167.2016.1270309

Zhang, A. M., Zhao, G. Y., Gao, T. G., Wang, W, Li, J., Zhang, S. F., & Zhu, B. C. (2013).
Solubilization of insoluble potassium and phosphate by Paenibacillus kribensis CX-7: a
soil microorganism with biological control potential. African Journal of Microbiology

Research, 7(1), 41-47. https://doi.org/10.5897/AJMR12.1485

{

Commented [EDTR79]: This is the correct format according to
the APA style.

)




M Gmail Q. Telusuri emai 5 o ®

: € B O B ® @ m D i Bidarize? < > A
2 Tulis
Revista Agronomia Colombiana <agrocal fabog@unal edu.cos Rab, 27 Apr 0016  fr €
kepada saya ~
Ed Kotak Masuk 30
¥ Deteksibahasa ~ > Indonesia ~ Terjemahkan pesan Monaktifkan untuk: Inggris x
¢ Berbintang
Dear author:
(O Ditunda
B Terkirim We have received the galley proofs with your corrections and the statement of unpublished. However, we still need all the authors to fill in and sign the Author Data
Update. All authors must send the file with their information updated and including their signature.
[ Draf 2

We look forward to your prompt response.
v Selengkapnya IR

Sincerely,

Label +
Stanislav Magnitskiy

Editor en Jefe

Revista Agronomia Colombiana

Bloque A3, Oficina 101, Unidad Camilo Torres
Calle 44 45-67 Bogota, D.C.

agrocol_fabog@unal edu.co
tel: +57 3165365 / 67 3165000 ext 10265

Profesor Titular PhD

Departamento de Agronomia

Facultad de Ciencias Agrarias, oficina 331
Universidad Nacional de Colombia sede Booota



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

\Effect of selected bacteria from biogas sludge on the growth and nutrition

of upland rice

Efecto de las bacterias seleccionadas de los lodos de biogas en el crecimiento y

la nutricion del arroz de secano

Novilda Elizabeth Mustamu?, Zulkifli Nasution?*, Irvan3, and Mariani Sembiring?

Doctoral Program in Agricultural Sciences, Faculty of Agriculture, Universitas Sumatera Utara, Sumatera Utara
(Indonesia).

2Program Study of Agrotechnology, Faculty of Agriculture, Universitas Sumatera Utara, Sumatera Utara
(Indonesia).

3Program Study of Chemical Engineering, Faculty of Engineering, Universitas Sumatera Utara, Sumatera Utara
(Indonesia).

*Corresponding author: kulnasution@usu.ac.id nemustamu@gmail.com |

ABSTRACT

This study evaluated the influence of selected superior bacterial isolates (SBI), biogas sludge,

and their interactions on growth and nutrient uptake of upland rice brown \in Ultisols. We used

a randomized block design with two factors and seven replicates from October 2020 to April
2021. The first factor used selected SBI (BO = untreated, B1 = nitrogen-fixing bacteria isolate
(N3), B2 = phosphate solubilizing bacteria isolate (P7), B3 = isolate combination (N3+P7)).
The second factor was the dosage of biogas sludge (SO = untreated, S1 = 157.5; S2 = 315; S3
= 630 ml/polybag). The parameters were determined by ANOVA and followed by Duncan's
multiple range test at P<0.05. The results showed that the isolate P7 significantly increased the
N uptake by 20.77% and crop growth rate (CGR) of upland rice 2.81 times. Biogas sludge doses
from 315 to 630 ml/polybag significantly increased plant height, uptake of N and P, total fresh
and dry weight, and CGR of upland rice. The interaction between N3 and biogas sludge dosage
of 630 ml/polybag significantly increased the CGR of upland rice. The application of isolates
N3 and P7 and their combination within biogas sludge of 630 ml/polybag has the potential to

increase the CGR of upland rice in acidic soils.
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RESUMEN

El presente estudio evalud la influencia de aislamientos bacterianos superiores seleccionados
(ABS), lodos de biogas y sus interacciones sobre el crecimiento y la absorcion de nutrientes en
el arroz de tierras altas cultivado en ultisoles. Se utiliz6 un disefio de bloques al azar con dos
factores y siete repeticiones desde octubre de 2020 hasta abril de 2021. El primer factor
utilizado seleccioné ABS (BO = sin tratamiento, B1 = aislamiento de bacterias fijadoras de
nitrogeno (N3), B2 = aislamiento de bacterias solubilizantes de fosfato (P7), B3 = combinacién
de aislados (N3+P7)). El segundo factor fue la dosificacion del lodo de biogas dSO = sin

tratamiento, S1 = 157.5; S2 = 315; S3 =630 mI/ponbagD. Los parametros fueron determinados

|

por analisis de varianza y seguidos de la prueba de rangos maltiples de Duncan a P<0.05. Los
resultados mostraron que el aislamiento P7 aument6 significativamente la absorcién de N en
un 20.77% y la tasa de crecimiento del cultivo (TCC) de arroz de tierras altas 2.81 veces. Las
dosis de lodos de biogas de 315 a 630 ml/polybag aumentaron significativamente la altura de
la planta, la absorcion de N y P, el peso fresco y seco total y el TCC de arroz de tierras altas.
La interaccion de N3 con la dosis de lodos de biogas de 630 ml/polybag aumenté
significativamente la TCC del arroz de tierras altas. La aplicacion de los aislamientos N3 y P7
y su combinacién dentro de lodos de biogas de 630 ml/polybag tiene el potencial de aumentar

el TCC de arroz de tierras altas en suelos acidos.

Palabras clave: suelo cido, tasa de crecimiento de cultivos, dosis, potencial de lodo.
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Biogas sludge is the waste by-product from an anaerobic processing system (FAO, 1977) and
has a high nutrient content that can be used as organic fertilizer to increase soil fertility and the
plants yield (Adela et al., 2014). The following characteristics of the biogas sludge from palm
oil waste have been reported: total N of 490 mg L%, total P of 110 mg L, total K of 1.9 mg L
! (Lubis et al., 2014), C/N 8; 0.14% N, 1.12% C (Tepsour et al., 2019), and NH3-N of 91 -112
mg L (Choorit & Wisarnwan, 2007). The pH may range from 6.8 to 8.3, with the highest
bacterial population of 7.21x107 cells per ml and the lowest one of 3.15x10" cells per ml
(Alvionita et al., 2019). Additionally, Mustamu and Triyanto (2020) reported that the biogas
sludge has nitrogen-fixing and phosphate solubilizing bacteria that have the potential to increase

the availability of nitrogen and phosphate in soils.

The diversity of beneficial bacteria such as nitrogen-fixing and phosphate solubilizing bacteria
has a greater potential to increase soil fertility and plant growth. Zhang et al. (2013) reported
that phosphate solubilizing bacteria play an important role in increasing soil fertility, and plant
yield, and reducing the use of chemical fertilizers. Sharma et al. (2013) described different
[Bacillus species, such as B. circulans, B. cereus, B. fusiformis, B. pumilus, B. megaterium, B.
mycoides, B. coagulans, B. chitinolyticus, and B. subtilis as phosphate solubilizing
microorganisms. Ambrosini et al. (2016) showed the highest nitrogenase activity in Bacillus
cereus among 42 different strains of Bacillus spp. Lim et al. (2018) also reported the dominant
bacteria found in the biogas sludge from anaerobic processing using the pyrosequencing and

clone library methods, i.e., Proteobacteria, Firmicutes, Bacteroidetes, and Thermotogae.

The application of bacteria from biogas sludge has never been reported in Indonesia for
improving upland rice growth on acidic soils, including Ultisols. According to the Pusat
Penelitian Tanah dan Agroklimat (Center for Soil and Agro-climate Research) (2000), the area
in Indonesia covered by Ultisols was 45.8 million ha, or 24% of the total area of Indonesia.

Furthermore, according to the Ministry of Agriculture, the area dedicated to rice cultivation in
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Indonesia was 15,712,025 ha with a yield of 81,148,617 t ha* in 2017 and the contribution of
upland rice yield reached 4.66% (Kementerian Pertanian, 2017). The yield contribution of
upland rice was classified as low and, therefore, it is necessary to find options in order to
increase it. Thus, it is necessary to test the potential of beneficial bacterial isolates from biogas
sludge to increase the availability of nitrogen and phosphate, and the growth response of upland
rice due to application of the biogas sludge and selected isolates in Ultisols. The study aimed
to evaluate the influence of selected superior bacterial isolates, biogas sludge, and their

interaction on the mineral nutrition of the upland rice grown in Ultisols.

Materials and methods

Study area
The concentration of total N and L’available P in Ultisols and in the plant tissue (N and P uptake)

were bnalyzed |in the Analytical Laboratory of Socfin Indonesia Inc., Medan (Indonesia). The
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bacterial isolates were applied to upland rice in the village of Padang Bulan (3°37.760' N;
98°38.898' E; altitude 18 m a.s.l.), Medan Selayang Subdistrict, Medan City, Indonesia, from
October 2020 to April 2021. The average temperature was 27.4°C, the average air humidity,

was 82% and average rainfall was 228.5 mm per month.

Preparation of medium and upland rice seeds

The medium to grow upland rice plants used the Ultisols from the Simalingkar area, Medan
Tuntungan Subdistrict, Medan City, at a depth of 0 to 20 cm. One hundred g of soil samples
were taken and analyzed for chemical characteristics such as pH using H.O, organic C by
Walkley-Black, available P by Bray-Il, total N using Kjeldahl method, and cation exchange
capacity (CEC) and base saturation (K, Ca, Na, Mg) by ammonium acetate pH 7 method (Tab.

1). The soil was sterilized by drying at 100°C for 2 h. For preventing heat from the sterilization
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process, the soil was incubated for 1 d and then placed into a 10 kg polybag (18 cm x 18 cm).
A basic NPK fertilizer (16-16-16) by Meroke Tetap Jaya Inc., Medan (Indonesia) at a dose of
1.5 g/polybag was applied by stirring evenly with the soil. The seeds of upland rice (Oryza
sativa L.) were of the inbred variety Inpago-8 from the Indonesian Agency for Agricultural
Research and Development were soaked in water for 24 h, followed by the application of the
fungicide Propineb (70%) for 2 h. Upland rice was planted after 1 d of basic fertilization with

two seeds per polybag at a depth of 2 cm.

TABLE 1. Chemical characteristics of the Ultisols soil samples after sterilization at 100°C.

Chemical characteristics Methods” Value Category”
Soil pH (H20) Electrometry 4.80 Acid
Organic C (%) Walkley-Black 0.44 Very low
Total N (%) Kjeldahl 0.04 Very low
Available P (mg kg?) Spectrophotometry 870.25 Very high
CEC (meq 100 g% Ammonium acetate pH 7 28.31 High
Base saturation (%) Ammonium acetate pH 7 4.85 Very low
Exchangeable cations
K (meq 100 g%) Ammonium acetate pH 7 0.60 High
Ca (meq 100 g9) Ammonium acetate pH 7 0.34 Very low
Mg (meq 100 g% Ammonium acetate pH 7 0.32 Very low
Na (meq 100 g% Ammonium acetate pH 7 0.09 Very low
Al (%) Ammonium acetate pH 7 0.02 Very low

*Criteria for pH (H.0) = 4.5-5.5 (acid); organic C <1% (very low); total N <0.1% (very low); available P >60 mg
kg (very high); Cation exchange capacity (CEC) = 25-40 meq 100 g (high); base saturation <20% (very low);
exchangeable K= 0.60-1.00 meq 100 g* (high); exchangeable Ca <2 meq 100 g* (very low); exchangeable Mg
<0.4 meq 100 g* (very low); exchangeable Na <0.1 meq 100 g™ (very low); exchangeable Al <5% (very low)
(Balai Penelitian Tanah (Indonesia Soil Research Institute), 2009).
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Preparation of superior bacterial isolates suspension and biogas sludge

A total of 1 ml of the bacterial isolate suspension obtained from the characteristic stage was put
into a test tube containing 9 ml of distilled water and homogenized. The dilution was made to
10°. A total of 0.1 ml of the suspension from the last dilution was spread over the James
nitrogen free malat bromothymol blue (JNFB) medium for the nitrogen-fixing bacterial isolates
test and Pikovskaya (PVK) medium for the phosphate solubilizing bacteria isolates. The culture
medium was incubated for 2 to 3 d at room temperature. The nitrogen-fixing bacterial isolate

test was characterized by the presence of colonies growing on the JNFB medium. The growth

irrelevant. | recommend to write the techniques that allow the soil
characteristics and then state the bibliographic cites
correspondingly.

{

Commented [EDTR25R24]: The authors neither replied to this
comment nor changed the table’s footnote.

)

|

Commented [NEM26R24]: We have added analysis method to
the table

|




126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143
144

of phosphate solubilizing bacterial isolates was indicated by a halo zone around the microbial
colonies on the Pikovskaya medium. Seven nitrogen-fixing and seven phosphate-solubilizing
isolates were found to produce total-N and available-P. The isolates that showed the highest
phosphate and nitrogen increasing abilities were selected, namely phosphate solubilizing
bacteria (P7) and nitrogen-fixing bacteria (N3), which were confirmed by Mustamu et al.

(2021a, 2021b).

h’he biogas sludge was collected from Nubika Jaya Inc., Pinang City, Labuhanbatu District,

North Sumatra Province, Indonesia.] The procedure for processing biogas sludge can be

explained that the palm oil mill removes POME (Palm Oil Mill Effluent) waste from the second
pond which has been mixed with oil and then separated at an optimal temperature of 35°C.
Liquid waste is pumped into the receiver tank with a volume of 10 m® and filtered on a fiber
tank screen for separated the solid waste such as fiber and others. Liquid waste from the receiver
tank is pumped to the tower tank. Then it is distributed evenly to the fixed tank with a
temperature of 35 to 37°C and a flow rate of 20 to 30 m%h. The biogas sludge is taken from a
fixed tank. Bacterial isolates and biogas sludge were applied to the soil surface at the base of
the plants at one week after planting. \Biogas sludge samples at a 500 ml volume were used to

analyze the chemical and biological characteristics (Tab. 2).\

TABLE 2. The chemical and biological characteristics of the biogas sludge.
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Characteristics Method* Value [Commented [EDTR30R29]: The authors did not add a citation. ]
pH Electrometry 7.41 Commented [NEM31R29]: The authors has been added the
Chemical oxygen demand (mg L?) Spectrophotometry 4547.8 {bibliography cite J
Biological oxygen demand (mg L?) Titrimetry 1127.5
Total N (%) Kjeldahl 0.051
Total P (%) Spectrophotometry 0.0097
Available-P (%) Spectrophotometry 0.013

be a very high amount of sodium.
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Total K (%) Graphite furnace - atomic absorption 0.18
spectrophotometry (AAS)

Organic C (%) Walkley-Black 0.14
Ca (%) Graphite furnace-AAS 0.04
Mg (%) Graphite furnace-AAS 0.04
Na (ppm) Graphite furnace-AAS 44.41]
Cu (%) AAS 0.0001
Total nitrogen-fixing bacteria (CFU ml?) Plate count 29.4x10°

Commented [NEM34R32]: The results of the analysis from the
laboratory of 44.41 ppm




145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

Total phosphate solubilizing bacteria (CFU mlY)  Plate count 7.0x10*

Note: *laboratory analysis based on the Balai Penelitian Tanah (Indonesia Soil Research Institute), 2009).

Treatment application

This study used a randomized block design with two factors and seven replicates. The first
factor was the type of superior bacterial isolates (BO = untreated; B1 = nitrogen-fixing bacterial
isolate (N3); B2 = phosphate solubilizing bacteria isolate (P7); B3 = combination of isolates
N3+P7) at a similar dose, namely 10 ml/polybag. The second factor was dose of biogas sludge

(SO = untreated; S1 = 157.5; S2 = 315; S3 = 630 ml/polybag). Determination of biogas sludge

based on the dose of liquid organic fertilizer at the oil palm was 126 m® ha* equal to 126,000
L ha! (Sutarta et al., 2003), then converted to soil weight per polybag (Eq. 1). Each replicate

was |harvestedl at 4, 8, and 12 weeks after application (WAA) for determination of the crop

growth rate (CGR).

The dose ofliquid organic fertilizer ha=*

Biogas sludge = x s0il weight per polybag 1)

Soil weight ha=?

_ 26,000Lha™?
~ 2,000,000 kg ha—1

x 10 kg =630 ml

Parameters and data analysis

The observations of the variables were conducted by measuring the growth of upland rice (plant
height, and total fresh and dry weight), contents and uptake of N and P in the shoots, and CGR.

The plant height was measured from the base of the roots to the tip of leaves using a meter, and

the total fresh weight was obtained by weighing the roots and ﬁhootsl. The total dry weight (roots

+ shoots) was measured after using an oven (model VVS-1202D3, Vision Scientific Co., Korea)
at 60°C for 48 h and weighed using the analytical scales. A 200 g sample of the second leaf
from the shoots was collected and analyzed to determine the N content using the Kjeldahl and

the P content was estimated using the destruction method through dry ashing. The N and P
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uptake were measured using Equation 2. The CGR was calculated as the dry weight related to

the unit area at 4-8, 8-12, and 12-16 WAA using Equation 3 (Shon et al., 1997):

Nutrient uptake = nutrient content in the shoots x total dry weight 2)
_ AW _ W2-wW1
CGR= At T t2-t1 ©)

where:
CGR = crop growth rate;
W1 = dry weight per unit area at t1;
W2 = dry weight per unit area at t2;
t1 = first sampling;

t2 = second sampling;

The parameters of the second phase of the study were analyzed by an ANOVA and if the
treatment had a significant effect, followed by Duncan's multiple range test at P<0.05 using

SPSS v.20 software (IBM, 2011).

Results
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Effect of bacterial isolates and biogas sludge on upland rice growth

Plant height of upland rice

The effect of biogas sludge application was significant on the plant height of upland rice at 8,
12, and 16 WAA. Superior bacterial isolates and their interactions did not have a significant
effect on the plant height of upland rice at 4, 8, 12, and 16 WAA (Fig. 1). A significant increase
in plant height of upland rice was observed with higher doses of biogas sludge of 630
ml/polybag at 8, 12, and 16 WAA with the highest increase of 14.81% compared to the control
at 16 WAA. Although the effect was not significant, the combination of isolates B3 and the
interaction of B2S3 showed the highest in plant height of upland rice by 2.94 and 22.06%,

respectively, compared to the control.
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FIGURE 1. Effect of superior bacterial isolates, dosage of biogas sludge, and their interactions on plant height of

C d [EDTR49]: Please add these graphs as

upland rice at 4, 8, 12, and 16 WAA. Values followed by the different letter in the graph significantly differed |
according to the Duncan test at P<0.05. ns - not significant. Dosage of biogas sludge (SO = untreated; S1 = 157.5;
S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = untreated; B1 = isolate N3, B2 = isolate P7; B3
= isolates N3+P7).

Biomass of upland rice

The effect of biogas sludge significantly increased the total fresh weight of upland rice at 8, 12,

and 16 WAA. Superior bacterial isolates and their interactions did not have a significant effect

on the total fresh weight of upland rice at 4-16 WAA (Tab. 3).

TABLE 3. Effect of superior bacterial isolates, biogas sludge, and their interactions on the total fresh weight ;

\
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Treatments Total fresh weight + standard error (g)
4 WAA 8 WAA 12 WAA 16 WAA comment.
Superior bacterial isolates (B) Commented [NEM56R54]: According to the authors opinion,
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B2 452 + 0.23 162.89 + 11.15 201.85 + 9.89 230.70 + 9.28 results of the treatment are not significantly different
B3 3.30+£0.25 173.91 + 12.55 220.40 + 15.96 245.03 + 16.32
Biogas sludge (S)
SO 3.72+£0.24 144.07£9.37b 182.67+7.14b 197.56 +6.58 b
S1 3.58+0.27 153.41+7.93b 190.70+8.90 b 215.65+7.03 b
S2 3.64+0.27 199.68 + 10.30 a 258.70 £ 9.63 a 280.15+9.25a
S3 415+ 0.25 20345+ 1.36a 24052+ 2.81a 26421+ 242a
Interactions (BxS)
B0SO 4.99+0.33 124.08 + 5.60 185.64 * 3.32 192.78 + 2.96
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BOS1 3.47 £ 0.26 160.43+1.16 188.60 + 5.76 207.05+ 3.97
B0S2 3.42£0.42 185.97 + 6.80 232.60 £ 8.75 250.84 £ 7.40
B0S3 4.71+0.42 206.76 £ 5.49 254.23 £10.27 268.61 + 8.85
B1SO 2.80+0.18 155.79+ 1.12 183.96 + 5.20 202.88 + 2.88
B1S1 3.74+0.29 174.82 £ 9.01 227.91+6.38 236.60 + 6.32
B1S2 3.28+£0.40 241.17£5.25 283.60 £ 7.76 296.08 + 8.05
B1S3 2.67+0.22 206.20 £ 7.23 244.85 * 6.26 27252+ 4.34
B2S0 3.19+0.18 190.90 £ 7.77 215.36 £ 7.67 229.11+6.75
B2S1 4.85+0.38 106.74 + 13.42 143.16 + 13.02 179.61 + 10.36
B2S2 5.20+0.24 148.40 + 11.59 219.65 + 5.26 248.72 £ 6.94
B2S3 4.82 +0.45 205.53 £ 10.50 229.21 +£16.57 265.34 £ 9.58
B3SO 3.91+0.30 105.53 + 3.94 145.72 + 1.96 16545+ 1.11
B3S1 2.25+0.09 171.63 £ 4.90 203.14 £ 7.07 239.34 £ 12.07
B3S2 2.66 £0.14 223.17+7.84 298.95 + 1.51 324.94 + 3.03
B3s3 4.37£0.07 195.31+6.77 233.79 £ 8.40 250.38 + 8.16
CV (%) 56.09 29.68 26.31 20.78

Values followed by the different letter in the column significantly differed according to the Duncan test at P<0.05.
ns - not significant; CV - coefficient of variation. Dosage of biogas sludge (SO = untreated; S1 = 157.5; S2 = 315;
S3 =630 ml/polybag). Superior bacterial isolates (BO = un-treated; B1 = isolate N3, B2 = isolate P7, B3 = isolates
N3+P7).

A significant increase in the total fresh weight of upland rice was observed with the higher dose
of biogas sludge of 315 ml/polybag at 16 WAA, with the highest increase of 41.81% compared
to the control. Although the effect was not significant, B1 and the interaction of B3S2 showed
the highest in the total fresh weight of upland rice with 9.66 and 68.55%, respectively,

compared to the control.

The effect of biogas sludge significantly increased the total dry weight of upland rice at 12 and
16 WAA. Superior bacterial isolates and their interactions had an insignificant effect on the

total dry weight of upland rice at 4 -16 WAA (Tab. 4).

h’ABLE 4. [Effect of superior bacterial isolates, biogas sludge, and their interactions on the total dry weight

interaction assessment, it is the treatments. In the ANOVA of this
trial there are 16 treatments and 112 experimental units. The
sources of variation evaluated would be (treatments, bacteria,
sludge, and bacteria x sludge interaction). And there may be a
significant difference in treatments without any interaction between
the factors.
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B0SO 1,58+ 0.08 4173+ 2.78 58.08 + 1.54 67.23+0.96
BOS1 1.12£0.08 45.87 +0.83 62.74 + 1.83 71.08+1.91
B0S2 1.20£0.12 52.25 +2.07 81.39 +5.48 88.28 + 5.02
BOS3 1.60+0.12 52.18 +0.29 92.20 +3.05 103.49 + 2.43
B1S0 0.970.04 46.64+ 1.39 69.53 +4.90 80.30 + 4.51
B1S1 1.40£0.07 48.13+2.78 78.91+0.53 96.23 + 1.50 P
B1S2 1.12£0.10 67.79 + 1.44 91.05+2.25 101.80 + 2.40
B1S3 1.02£0.08 53.81+3.76 67.84+ 1.77 12054 + 2.15
B250 1.17£0.05 50.32+2.33 70.92+4.20 81.43+3.82
B2S1 1.54£0.10 34.47+2.16 61.69 + 1.97 80.84 + 1.41
B2S2 1.73£0.05 37.37 +£3.74 83.10+ 1.19 105.46 + 1.37
B2S3 1.53£0.10 58.05+ 1.76 77.07+4.27 116.28 + 1.30
B3S0 1.30£0.07 34.35+7.04 52.98+0.73 78.16 +0.48
B3s1 0.85+0.03 49.40+0.08 70.72+1.29 93.44 +2.19
B3S2 0.99 £ 0.05 64.05 + 4.68 87.22+2.90 100.26 + 1.93
B3S3 1.44%0.02 61.48 + 2.47 97.80 +0.77 122.04 +0.20
CV (%) 43.80 3122 2654 18.38

Values followed by the different letter in the column significantly differed according to the Duncan test at P<0.05.
ns= not significant; CV - coefficient of variation. Dosage of biogas sludge (SO = untreated; S1 = 157.5; S2 = 315;
S3 =630 ml/polybag). Superior bacterial isolates (BO = un-treated; B1 = isolate N3, B2 = isolate P7, B3 = isolates
N3+P7).

A significant increase in total dry weight of upland rice was observed with the increase in the
dosage of biogas sludge of 630 ml/polybag at 16 WAA, with the highest increase of 50.55%

compared to the control. Although the effect was not significant, B1 and the interaction jof B3S3

showed the highest in the total dry weight of upland rice with 20.84 and 81.53%, respectively,

compared to the control.

Crop growth rate of upland rice
The effect of superior bacterial isolates, biogas sludge, and their interactions significantly
increased the crop growth rate of upland rice at 12 to 16 WAA, but it did not have a significant

effect at 4-8 and 8-12 WAA (Tab. 5).
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8-12 WAA
BO 0.584 0.602 1.041 1.430 0.914
Bl 0.818 1.099 0.831 0.501 0.812
B2 0.414 0.972 1.633 0.679 0.925
B3 0.665 0.761 0.828 1.297 0.888
Average 0.620 0.859 1.083 0.977 CV =56.17%
12-16 WAA
BO 0.327 fgh 0.298 gh 0.246 h 0.403b-h 0.318 b
B1 0.385 c-h 0.619 a-h 0.384 d-h 1.882a 0.817a
B2 0.375e-h 1.005 a-h 0.798 a-h 1.400a-h 0.895a
B3 0.899 a-h 0.811a-h 0.466 a-h 0.866a-h 0.761a
Average 0.496 b 0.683 b 0.474 b 1.138a CV =51.07%

Values followed by the different letter in the column significantly differed according to the Duncan test at P<0.05.
ns - not significant; CV - coefficient of variation. Dosage of biogas sludge (SO = untreated; S1 = 157.5; S2 = 315;
S3 =630 ml/polybag). Superior bacterial isolates (BO = un-treated; B1 = isolate N3, B2 = isolate P7, B3 = isolates
N3+P7).

The biogas sludge dose of 630 ml/polybag (S3) significantly increased the highest crop growth
rate for upland rice at 12 to 16 WAA by 129.44% compared to the control. The isolates B1-B3
significantly increased the crop growth rate of upland rice with the highest increase for B2 of
181.45% compared to the controls at 12 to 16 WAA. The interaction of the B1S3 significantly

increased the crop growth rate of upland rice, showing values 5.76 times greater than those of

the control.

[Effect of bacterial isolates and biogas sludge on upland rice nutrition

Content of N and P in the upland rice

The effect of biogas sludge, superior bacterial isolates, and their interactions did not have a
significant effect on the content of N and P in the upland rice (Fig. 2). The biogas sludge doses
of 315 and 630 ml/polybag (S2 and S3) explained that the contents of P and N in the plant tissue
of upland rice were 33.33 and 4.53% higher, respectively, compared to the control. The isolate
B2 showed the highest content of N in the plant tissue of upland rice with values 1.63% higher
than those of the control; however, all isolates (B1-B3) showed a similar level of |P in the plant

tissue jof upland rice compared to the control.
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The effect of biogas sludge significantly increased in the uptake of N and P. The superior
bacterial isolates significantly increased in the uptake of nitrogen. The interaction of biogas
sludge with superior bacterial isolates did not show a significant effect on the uptake of N and

P in the upland rice (Fig. 2).

A significant increase in the uptake of N and P in upland rice was observed with a higher dose

Ci ted [EDTR85]: The Editor in Chief wrote: This phrase

of biogas sludge of 630 ml/polybag, with the highest increases of 54.11 and 65.20%,
respectively, compared to the control. The bacterial isolates B1-B3 also significantly increased
the uptake of N in the upland rice with the highest increase with the B2 of 20.77% compared to
the control. Although the effect was not significant, B3 showed the highest uptake of P in the

upland rice of 19.93% compared to the control.
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S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = untreated; B1 = isolate N3, B2 = isolate P7, B3
= N3+P7 isolates).

Discussion

Effect of selected superior bacterial isolates

The selected superior bacterial isolates (N3 and P7) significantly increased the uptake of
nitrogen and crop growth rate of upland rice on Ultisols at 12 to 16 WAA, but it did not have a
significant effect on plant height, total fresh weight, total dry weight, content (N and P) in leaf
tissue, uptake of phosphorus, and crop growth rate of upland rice at 4 to 8 and 8 to 12 WAA.
The superior bacterial isolates (N3, P7, and N3+P7) could increase the uptake of nitrogen in
upland rice by 14.64%, 20.77%, and 20.68%, respectively, compared to the control (Fig. 2).
Similar results are also shown in Table 5, where can be observed that the crop growth rate of
upland rice at 12 to 16 WAA has increased 2.57, 2.81, and 2.39 times, respectively due to the
selected superior bacterial isolates (N3, P7, N3+P7), compared to the control. The results
indicate that the ability of a single P7 bacterial isolate was greater in increasing the nitrogen
and crop growth rate of upland rice compared to a single N3 isolate and the combination of
N3+P7 isolates. This was due to the presence of several organic acids and hormones produced
by P7 that can increase the uptake of nitrogen and crop growth rate of upland rice. This result
is supported by Mustamu et al. (2021a) who found that the phosphate solubilizing bacterial
isolate (P7) from the biogas sludge contains organic acids such as lactic, oxalic, acetic, and
citric acids, and had the highest ability to solubilize phosphate from calcium triphosphate and
rock phosphate with values 4.62 and 2.66 times higher, respectively, compared to the control.
Meena et al. (2016) reported that the availability of nitrogen and phosphorus in soils slightly
increased with the application of bio fertilization with Bacillus cereus; this was due to the
production of organic acids and other chemicals such as citric, tartaric, and oxalic acids that can

stimulate plant growth and nutrient availability. Youssef and Eissa (2017) reported that the
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increase in vegetative growth and total biomass was due to increased photosynthesis,
translocation, and accumulation of mineral nutrients. Khan et al. (2020) reported that Bacillus
cereus strain SA1 can produce the hormones gibberellin, indole-acetic acid (IAA), and organic
acids. Ferrara et al. (2012) reported that the hormone gibberellin and 1AA, can increase plant
growth under stressful conditions. Kang et al. (2014) said that the plant growth-promoting
bacteria (PGPB) has several mechanisms to increase plant growth with nitrogen-fixation and
phosphate solubilization, increasing nutrient availability. Suksong et al. (2016) reported that
bacteria of palm oil solid waste from an anaerobic digester include Ruminococcus sp.,
Thiomargarita sp., Clostridium sp. Anaerobacter sp., Bacillus sp., Sporobacterium sp.,
Saccharofermentans sp., Oscillibacter sp., Sporobacter sp., and Enterobacter sp. Liaquat et al.
(2017) also reported abundance of Bacillus, Clostridium, and Enterobacter spp. in an anaerobic

digester of wastewater when producing biogas.

Effect of biogas sludge

The dose of biogas sludge significantly increased plant height, total fresh weight (8, 12, and 16
WAA), total dry weight (12 and 16 WAA), uptake (N and P), and the crop growth rate of upland
rice at 8 to 12 WAA. However, it did not have a significant effect on content (N and P) in leaf
tissue, and crop growth rate of upland rice (4-8 and 8-12 WAA). An increase in plant height,
total dry weight, uptake in terms of nitrogen and phosphorus, and also crop growth rate of
upland rice on Ultisols with a higher dose of biogas sludge of 630 ml/polybag at the end of this
study (16 WAA). In contrast, the total fresh weight increased along with the higher dose of
biogas sludge to 315 ml/polybag and then decreased at the dose of 630 ml/polybag. This result
is supported the biogas sludge had chemical characteristics such as pH (7.41), total N (0.051%),
available P (0.013%), organic C (0.14%), total K (0.18%), and biological characteristics such

as total nitrogen-fixing bacteria (29.4x10° CFU ml) and total phosphate solubilizing bacteria
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(7.0x10% CFU ml) (Tab. 2). The organic C content and the total population of nitrogen-fixing
and phosphate solubilizing bacteria from the biogas sludge could increase the uptake in terms
of nitrogen and phosphorus in upland rice with an increasing dose of biogas sludge of 630
ml/polybag (Fig. 2). Therefore, the nutrients absorbed are used for plant metabolic processes
and stimulate the plant height, biomass, and crop growth rate of the upland rice. A similar result
was reported by Mustamu and Triyanto (2020) who determined the macro and micronutrients
from the biogas sludge and the population of nitrogen-fixing and phosphate solubilizing
bacteria of 480x10% and 42x10* CFU ml%, respectively. Ndubuisi-Nnaji et al. (2020) reported
that the total phosphate solubilizing bacteria (1.6 to 2.5 CFU ml™) was significantly higher
compared to nitrogen-fixing bacteria (0.5-1.4 CFU ml™) showing a significant increase in
nutrient concentration in the order of N>K>P>Ca>Mg>S in all anaerobic digester bioreactors.
Moller and Muller (2012) reported that an increase in concentrations of NH4*-N ranged from

45 to 80% in the anaerobic waste.

Interaction of selected superior bacterial isolates and biogas sludge

The interaction of biogas sludge and superior bacterial isolates only significantly increased the
crop growth rate of upland rice on Ultisols at 12-16 WAA, but it did not have a significant
effect on the other parameters in this study. The interaction of B1 with biogas sludge at the dose
of 630 ml/polybag (B1S3) showed the highest crop growth rate of upland rice compared to
other interactions and was 5.76 times greater compared to the control. This was caused by the
application of biogas sludge that could have increased soil organic matter and the total
population of beneficial bacteria. Likewise, the biogas sludge contained organic C (0.14%),
total nitrogen-fixing bacteria (29.4x10° CFU ml?), and total phosphate solubilizing bacteria
(7.0x10* CFU mlI) (Tab. 2) that could improve soil quality and support the crop growth rate.

This result is supported by Urra et al. (2019) who found that the application of sewage sludge
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in the long term significantly increases the organic matter contents in the soil, causing a
decrease in soil pH due to the nitrification of ammonium in sewage sludge and the production
of organic acids along with the decomposition of the organic matter. Bhardwaj et al. (2014);
Carvajal-Mufioz and Carmona-Garcia (2012) showed that the application of a biofertilizer had
advantages in the plant such as availability of nutrients that are balanced for plant health. It also
stimulates nutrient mobilization that can increase soil biological activity and the availability of
microbial food to encourage the growth of beneficial microorganisms, increasing the soil
organic matter content and, therefore, the cation exchange capacity. Siswanti and Lestari (2019)
indicated that the interaction of biogas sludge+biofertilizer (36 ml+10 L ha™) significantly
increased the plant height, number of leaves, and capsaicin content in chili pepper compared to

a single treatment of biogas sludge and biofertilizer.

Conclusions

The isolates N3, P7, N3+P7 from the biogas sludge significantly increased the uptake of
nitrogen (20.77%) and crop growth rate (2.81 times higher than the control) of upland rice on
Ultisols with the highest increase found with the P7 isolate. The dose of biogas sludge
significantly increased plant height (14.81%), total dry weight (50.55%), uptake of nitrogen
(54.11%) and phosphorus (65.20%), and also crop growth rate (129.44%) of upland rice on
Ultisols with the highest increase at a dose of 630 ml/polybag. Likewise, the dose of biogas
sludge significantly increased the total fresh weight of upland rice by 41.81% with the highest
increase at the dose of 315 ml/polybag. The interaction of isolates N3, P7, N3+P7 with the dose
of biogas sludge only significantly increased the crop growth rate of upland rice on Ultisols

5.76 times with the highest increase found with B1S3.

Conflict of interest statement

The authors declare that there is no conflict of interest regarding the publication of this article.



377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

398

399

400

401

18

Author’s contributions

All authors formulated the overarching research goals and aims, provided the study materials,
developed or designed the methodology. NEM analyzed and interpreted the study data. NEM
and MS wrote the initial draft, managed and coordinated the research activity in the field, and
collected the data. ZN and | verified the overall reproducibility of results and the other research

outputs. All authors conducted the critical review/commentary/revision of the manuscript.

Literature cited

Adela, B. N., Muzzammil, N., Loh, S. K., & Choo, Y. M. (2014). Characteristics of palm oil
mill effluent (POME) in an anaerobic biogas digester. Asian Journal of Microbiology,
Biotechnology and Environmental Sciences, 16(1), 225-231.

Alvionita, F., Faizal, M., Komariah, L. N., & Said, M. (2019). Biogas production from palm oil
mill effluent with indigenous bacteria. International Journal on Advanced Science,
Engineering and Information Technology, 9(6), 2060-2066.
https://doi.org/10.18517/ijaseit.9.6.10462

Ambrosini, A., Stefanski, T., Lisboa, B. B., Beneduzi, A., Vargas, L. K., & Passaglia, L. M. P.
(2016). Diazotrophic bacilli isolated from the sunflower rhizosphere and the potential of
Bacillus mycoides B38V as biofertiliser. Annals of Applied Biology, 168(1), 93-110.
https://doi.org/10.1111/aab.12245

Balai Penelitian Tanah. (2009). Petunjuk teknis 2: Analisis kimia tanah, tanaman, air, dan
pupuk. Kementerian Pertanian.

Bhardwaj, D., Ansari, M. W., Sahoo, R. K., & Tuteja, N. (2014). Biofertilizers function as key
player in sustainable agriculture by improving soil fertility, plant tolerance and crop
productivity. Microbial Cell Factories, 13, Article 66. https://doi.org/10.1186/1475-

2859-13-66


https://doi.org/10.18517/ijaseit.9.6.10462

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

19

Carvajal-Mufioz, J. S., & Carmona-Garcia, C. E. (2012). Benefits and limitations of
biofertilization in agricultural practices. Livestock Research for Rural Development,
24(3), Article 43.

Choorit, W., & Wisarnwan, P. (2007). Effect of temperature on the anaerobic digestion of palm
oil mill effluent. Electronic Journal of Biotechnology, 10(3), 376-385.
https://doi.org/10.2225/vol10-issue3-fulltext-7

FAO. (1977). FAO soils Bulletin 40 - China: recycling of organic wastes in agriculture.. Food
and Agriculture Organization of the United Nations.
https://www.fao.org/publications/card/en/c/34d03d32-bd9f-5d08-aa08-ed2499349eb1/

Ferrara, F. I. S., Oliveira, Z. M., Gonzales, H. H. S., Floh, E. I. S., & Barbosa, H. R. (2012).
Endophytic and rhizospheric enterobacteria isolated from sugar cane have different
potentials for producing plant growth-promoting substances. Plant and Soil, 353, 409—
417. https://doi.org/10.1007/s11104-011-1042-1

IBM. (2011). IBM SPSS statistics for Windows version 20.0. International Business Machines
Corporation.

Kang, S. M., Radhakrishnan, R., You, Y. H., Joo, G. J,, Lee, I. J., Lee, K. E., & Kim, J. H.
(2014). Phosphate solubilizing Bacillus megaterium mj1212 regulates endogenous plant
carbohydrates and amino acids contents to promote mustard plant growth. Indian Journal
of Microbiology, 54, 427-433. https://doi.org/10.1007/s12088-014-0476-6

Kementerian Pertanian. (2017). Produksi tanaman pangan di Indonesia.

Khan, M. A., Asaf, S., Khan, A. L., Jan, R., Kang, S. M., Kim, K. M., & Lee, I. J. (2020).
Thermotolerance effect of plant growth-promoting Bacillus cereus SA1 on soybean
during heat stress. BMC Microbiology, 20, Article 175. https://doi.org/10.1186/s12866-

020-01822-7



426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

20

Liaquat, R., Jamal, A., Tauseef, I., Qureshi, Z., Farooq, U., Imran, M., & Ali, M. I. (2017).
Characterizing bacterial consortia from an anaerobic digester treating organic waste for
biogas production. Polish Journal of Environmental Studies, 26(7), 709-716.
https://doi.org/10.15244/pjoes/59332

Lim,J. W., Ge, T., & Tong, Y. W. (2018). Monitoring of microbial communities in anaerobic
digestion sludge for biogas optimisation. Waste Management, 71, 334-341.
https://doi.org/10.1016/j.wasman.2017.10.007

Lubis, F. S., Irvan, Anwar, D., Harahap, B. A., & Trisakti, B. (2014). Kajian awal pembuatan
pupuk cair organik dari effluent pengolahan lanjut limbah cair pabrik kelapa sawit
(LCPKS)  skala  pilot. Jurnal  Teknik Kimia USU, 3(1), 32-37.
https://doi.org/10.32734/jtk.v3i1.1499

Meena, V. S., Bahaur, I., Maurya, B. R., Kumar, A., Meena, R. K., & Verma, J. P. (2016).
Potassium-solubilizing microorganism in evergreen agriculture: an overview. In V. S.
Meena, B. R. Maurya, J. P. Verma, & R. S. Meena (Eds.), Potassium solubilizing
microorganisms  for  sustainable  agriculture (pp. 1-20). Springer.
https://doi.org/10.1007/978-81-322-2776-2

Mobller, K., & Muller, T. (2012). Effects of anaerobic digestion on digestate nutrient availability
and crop growth: a review. Engineering in Life Sciences, 12(3), 242-257.
https://doi.org/10.1002/elsc.201100085

Mustamu, N. E., & Triyanto, Y. (2020). Nature of chemical and biological sludge biogas liquid
waste oil palm. International Journal of Innovative Science and Research Technology,
5(2), 955-957.

Mustamu, N. E., Nasution, Z., Irvan, & Sembiring, M. (2021b). Potential and phylogenetic of
superior bacterial isolates in biogas sludge from anaerobic digestion of palm oil mill

effluent. IOP Conference Series: Earth and Environmental Science, 913, Article 012065



451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

21

Mustamu, N. E., Nasution, Z., Irvan., & Sembiring, M. (2021a). Isolation of phosphate
solubilizing bacteria from anaerobic digestion sludge of palm oil mill effluent on ultisols.
Plant Cell Biotechnology and Molecular Biology, 22(35-36), 220—-230.

Ndubuisi-Nnaji, U. U., Ofon, U. A., Ekponne, N. I., & Offiong, N. A. O. (2020). Improved
biofertilizer properties of digestate from codigestion of brewer’s spent grain and palm oil
mill effluent by manure supplementation. Sustainable Environment Research, 30, Article
14.

Pusat Penelitian Tanah dan Agroklimat. (2000). Atlas peta tanah Indonesia. Jakarta Puslittanak.

Sharma, S. B., Sayyed, R. Z., Trivedi, M. H., & Gobi, T. A. (2013). Phosphate solubilizing
microbes: sustainable approach for managing phosphorus deficiency in agricultural soils.
SpringerPlus, 2, Article 587. https://doi.org/10.1186/2193-1801-2-587

Shon, T. K., Haryanto, T. A. D., & Yoshida, T. (1997). Dry matter production and utilization
of solar energy in one year old Bupleurum falcatum. Journal of the Faculty of Agriculture
Kyushu University, 41(3-4), 133-139.

Siswanti, D. U., & Lestari, M. F. (2019). Growth rate and capsaicin level of curly red chili
(Capsicumannum L.) on biofertilizer and biogas sludge application. Jurnal Biodjati, 4(1),
126-137. https://doi.org/10.15575/biodjati.v4i1.4216

Suksong, W., Kongjan, P., Prasertsan, P., Imai, T., & O-Thong, S. (2016). Optimization and
microbial community analysis for production of biogas from solid waste residues of palm
oil mill industry by solid-state anaerobic digestion. Bioresource Technology, 214, 166—
174. https://doi.org/10.1016/j.biortech.2016.04.077

Sutarta, E. S., Tobing, P. L., & Sufianto. (2003, June 13-14). Aplikasi limbah cair pabrik kelapa
sawit pada perkebunan kelapa sawit [Conference presentation]. Pertemuan Kelapa Sawit

11, Medan, Indonesia.



475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

22

Tepsour, M., Usmanbaha, N., Rattanaya, T., Jariyaboon, R., O-Thong, S., Prasertsan, P., &
Kongjan, P. (2019). Biogas production from oil palm empty fruit bunches and palm oil
decanter cake using solid-state anaerobic co-digestion. Energies, 12(22), Article 4368.
https://doi.org/10.3390/en12224368

Urra, J., Alkorta, 1., Mijangos, I., Epelde, L., & Garbisu, C. (2019). Application of sewage
sludge to agricultural soil increases the abundance of antibiotic resistance genes without
altering the composition of prokaryotic communities. Science of the Total Environment,
647, 1410-1420. https://doi.org/10.1016/j.scitotenv.2018.08.092

Youssef, M. A., & Eissa, M. A. (2017). Comparison between organic and inorganic nutrition
for tomato. Journal of Plant Nutrition, 40(13), 1900-1907.
https://doi.org/10.1080/01904167.2016.1270309

Zhang, A. M., Zhao, G. Y., Gao, T. G., Wang, W, Li, J., Zhang, S. F., & Zhu, B. C. (2013).
Solubilization of insoluble potassium and phosphate by Paenibacillus kribensis CX-7: a
soil microorganism with biological control potential. African Journal of Microbiology

Research, 7(1), 41-47. https://doi.org/10.5897/AJMR12.1485



Effect of selected bacteria from biogas sludge on
the growth and nutrition of upland rice

Efecto de las bacterias seleccionadas de los lodos de biogas en
el crecimiento y la nutricion del arroz de tierras altas

Novilda Elizabeth Mustamu’, Zulkifli Nasution?', Irvan®, and Mariani Sembiring?

This study evaluated the influence of selected superior bacterial
isolates (SBI), biogas sludge, and their interactions on growth
and nutrient uptake of upland rice grown in Ultisols. We used
a randomized block design with two factors and seven repli-
cates from October 2020 to April 2021. The first factor used
selected SBI (BO = untreated, Bl = nitrogen-fixing bacteria
isolate (N3), B2 = phosphate solubilizing bacteria isolate (P7),
B3 = isolate combination (N3+P7)). The second factor was
the dosage of biogas sludge (SO = untreated, S1 = 157.5; S2 =
315; S3 = 630 ml/polybag). The parameters were determined
by ANOVA and followed by Duncan’s multiple range test at
P<0.05. The results showed that the isolate P7 significantly
increased the N uptake by 20.77% and crop growth rate (CGR)
of upland rice 2.81 times. Biogas sludge doses from 315 to 630
ml/polybag significantly increased plant height, uptake of N
and P, total fresh and dry weight, and CGR of upland rice. The
interaction between N3 and biogas sludge dosage of 630 ml/
polybag significantly increased the CGR of upland rice. The
application of isolates N3 and P7 and their combination with
biogas sludge of 630 ml/polybag has the potential to increase
the CGR of upland rice in acidic soils.

Key words: acidic soil, crop growth rate, dosage, sludge
potential.

El presente estudio evalud la influencia de aislamientos bac-
terianos superiores seleccionados (ABS), lodos de biogas y sus
interacciones sobre el crecimiento y la absorcién de nutrientes
del arroz de tierras altas cultivado en ultisoles. Se utilizé un
disefio de bloques al azar con dos factores y siete repeticiones
desde octubre de 2020 hasta abril de 2021. El primer factor uti-
lizado selecciond ABS (B0 = sin tratamiento, Bl = aislamiento
de bacterias fijadoras de nitrégeno (N3), B2 = aislamiento de
bacterias solubilizadoras de fosfato (P7), B3 = combinacion de
aislamientos (N3+P7)). El segundo factor fue la dosificacion
del lodo de biogas (SO = sin tratamiento, S1 = 157.5; S2 = 315;
S3 = 630 ml/polybag). Los parametros fueron determinados
por analisis de varianza y seguidos de la prueba de rangos
multiples de Duncan a P<0.05. Los resultados mostraron que
el aislamiento P7 aumentd significativamente la absorcion de
N en un 20.77% y la tasa de crecimiento del cultivo (TCC) de
arroz de tierras altas 2.81 veces. Las dosis de lodos de biogas de
315 a 630 ml/polybag aumentaron significativamente la altura
de la planta, la absorcion de N y P, el peso fresco y seco total
y el TCC de arroz de tierras altas. La interaccién de N3 con la
dosis de lodos de biogas de 630 ml/polybag aument significa-
tivamente la TCC del arroz de tierras altas. La aplicacion de los
aislamientos N3 y P7 y su combinacién con lodos de biogas de
630 ml/polybag tiene el potencial de aumentar la TCC de arroz
de tierras altas en suelos acidos.

Palabras clave: suelo 4cido, tasa de crecimiento de cultivos,
dosis, potencial de lodo.

Introduction

Biogas sludge is the waste by-product from an anaerobic
processing system (FAO, 1977) and has a high nutrient
content that can be used as organic fertilizer to increase soil
fertility and plant yield (Adela et al., 2014). The following
characteristics of the biogas sludge from palm oil waste have
been reported: total N of 490 mg L, total P of 110 mg L™,
total K of 1.9 mg L (Lubis et al., 2014), C/N 8; 0.14% N,
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1.12% C (Tepsour et al., 2019), and N-NH; 0f 91-112 mg L™
(Choorit & Wisarnwan, 2007). The pH may range from 6.8
to 8.3, with the highest bacterial population of 7.21x107 cells
ml” and the lowest of 3.15x107 cells ml” (Alvionita et al.,
2019). Additionally, Mustamu and Triyanto (2020) reported
that the biogas sludge has nitrogen-fixing and phosphate
solubilizing bacteria that have the potential to increase the
availability of nitrogen and phosphate in soils.
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The diversity of beneficial bacteria such as nitrogen-fixing
and phosphate solubilizing bacteria has a greater potential
to increase soil fertility and plant growth. Zhang et al.
(2013) reported that phosphate solubilizing bacteria play
an important role in increasing soil fertility and plant yield,
and reducing the use of chemical fertilizers. Sharma et al.
(2013) described different Bacillus species, such as B. circu-
lans, B. cereus, B. fusiformis, B. pumilus, B. megaterium, B.
mycoides, B. coagulans, B. chitinolyticus, and B. subtilis as
phosphate solubilizing microorganisms. Ambrosini et al.
(2016) showed the highest nitrogenase activity in Bacillus
cereus among 42 different strains of Bacillus spp. Lim et
al. (2018) also reported the dominant bacteria found in the
biogas sludge from anaerobic processing using the pyrose-
quencing and clone library methods, i.e., Proteobacteria,
Firmicutes, Bacteroidetes, and Thermotogae.

The application of bacteria from biogas sludge has never
been reported in Indonesia for improving upland rice
growth on acidic soils, including Ultisols. According
to the Pusat Penelitian Tanah dan Agroklimat (Center
for Soil and Agro-climate Research) (2000), the area in
Indonesia covered by Ultisols is 45.8 million ha or 24%
of the total area of the country. Furthermore, according
to the Ministry of Agriculture, the area dedicated to rice
cultivation in Indonesia is 15,712,025 ha with a yield
of 81,148,617 t in 2017, and the contribution of upland
rice yield is 4.66% (Kementerian Pertanian, 2017). The
yield contribution of upland rice is classified as low and,
therefore, it is necessary to find options to increase it.
Therefore, it is necessary to test the potential of beneficial
bacterial isolates from biogas sludge to increase the avail-
ability of nitrogen and phosphate and, thus, the growth
response of upland rice in Ultisols. This study aimed to
evaluate the influence of selected superior bacterial iso-
lates, biogas sludge, and their interaction on the mineral
nutrition of the upland rice grown in Ultisols.

Materials and methods

Study area

The concentration of total N and available P in Ultisols
and in the plant tissue (N and P uptake) were analyzed in
the Analytical Laboratory of Socfin Indonesia Inc., Medan
(Indonesia). The bacterial isolates were applied to upland
rice in the village of Padang Bulan (3°37.760’ N, 98°38.898’
E, and altitude of 18 m a.s.l.), Medan Selayang Subdistrict,
Medan City, Indonesia, from October 2020 to April 2021.
The average temperature was 27.4°C, the average air hu-
midity was 82%, and the average rainfall was 228.5 mm
per month.

Preparation of medium and upland rice seeds

The medium to grow upland rice plants was the Ultisol soil
from the Simalingkar area, Medan Tuntungan Subdistrict,
Medan City, collected at a depth of 0 to 20 cm. One hun-
dred g of soil sample were taken and analyzed for chemical
characteristics of pH H,0, organic C by Walkley-Black,
available P by Bray-II, total N using the Kjeldahl method,
and cation exchange capacity (CEC) and base saturation
(K, Ca, Na, Mg) by ammonium acetate pH7 method (Tab.
1). The soil was sterilized by drying at 100°C for 2 h. To
prevent heat from the sterilization process, the soil was
incubated for 1 d and then placed into a 10 kg polybag (18
cm x 18 cm). A basic NPK fertilizer (16-16-16) by Meroke
Tetap Jaya Inc. (Medan, Indonesia) at a dose of 1.5 g/poly-
bag was applied by stirring evenly with the soil. The seeds of
upland rice (Oryza sativa L.) of the inbred variety Inpago-8
from the Indonesian Agency for Agricultural Research
and Development were soaked in water for 24 h, followed
by the application of the fungicide Propineb (70%) for 2 h.
Upland rice was planted after 1 d of basic fertilization with
two seeds per polybag at a depth of 2 cm.

TABLE 1. Chemical characteristics of the Ultisol soil samples after ste-
rilization at 100°C.

gl?:rn;i:ﬁaelristics Method Value Category
Soil pH (H,0) Electrometry 4.80 Acid
Organic C (%) Walkley-Black 0.44 Very low
Total N (%) Kjeldahl 0.04 Very low
Available P (mg kg™) Spectrophotometry 870.25  Very high
CEC (meq 100 ¢™) Ammonium acetate pH 7 28.31 High
Base saturation (%) Ammonium acetate pH 7 4.85 Very low
Exchangeable cations
K (megq 100 g") Ammonium acetate pH 7 0.60 High
Ca(meq100g™) Ammonium acetate pH 7 0.34 Very low
Mg (meq 100 g™) Ammonium acetate pH 7 0.32 Very low
Na (meq 100 g Ammonium acetate pH 7 0.09 Very low
Al (%) Ammonium acetate pH 7 0.02 Very low

Criteria for pH (H,0) = 4.5-5.5 (acid); organic C <1% (very low); total N <0.1% (very low);
available P >60 mg kg™ (very high); cation exchange capacity (CEC) = 25-40 meq 100 g
(high); base saturation <20% (very low); exchangeable K = 0.60-1.00 meq 100 g™ (high);
exchangeable Ca <2 meq 100 g™ (very low); exchangeable Mg <0.4 meq 100 g™ (very low);
exchangeable Na <0.1 meq 100 g (very low); exchangeable Al <5% (very low) (Balai Penelitian
Tanah (Indonesia Soil Research Institute), 2009).

Preparation of superior bacterial isolates

suspension and biogas sludge

One ml of the bacterial isolate suspension obtained from
the characteristic stage was put into a test tube containing 9
ml of distilled water, homogenized and then diluted to 10~.
A total of 0.1 ml of the suspension from the last dilution was
spread over James nitrogen free malat bromothymol blue
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(JNFB) medium (Kirchhof et al., 1997) for the nitrogen-
fixing bacterial isolates test and Pikovskaya (PVK) medium
(Pikovskaya, 1948) for the phosphate solubilizing bacteria
isolates. The culture medium was incubated for 2 to 3 d at
37°C.The nitrogen-fixing bacterial isolate test was charac-
terized by the presence of colonies growing on the JNFB
medium. The growth of phosphate solubilizing bacterial
isolates was indicated by a halo zone around the microbial
colonies on the PVK medium. Seven nitrogen-fixing and
seven phosphate-solubilizing isolates were found to pro-
duce total N and available P. The isolates that showed the
highest phosphate and nitrogen increasing abilities were
selected, namely phosphate solubilizing bacteria (P7) and
nitrogen-fixing bacteria (N3), which were confirmed by
Mustamu et al. (2021a; 2021b).

The biogas sludge was collected from Nubika Jaya Inc.,
Pinang City, Labuhanbatu District, North Sumatra Prov-
ince, Indonesia. The procedure for processing biogas sludge
was the following: the palm oil mill removed the palm oil
mill effluent (POME) waste from the second pond which
has been mixed with oil and then separated at an optimal
temperature of 35°C. Liquid waste was then pumped into
the receiver tank of 10 m’ volume and filtered on a fiber
tank screen to separate solid waste such as fiber and other
materials. Liquid waste from the receiver tank was further
pumped into the tower tank. Then, it was distributed evenly
to the fixed tank at a temperature of 35 to 37°C and a flow
rate of 20 to 30 m*/h. Finally, the biogas sludge was taken
from the fixed tank. Bacterial isolates and biogas sludge
were applied to the soil surface at the base of the plants at

TABLE 2. Chemical and biological characteristics of the biogas sludge.

one week after planting. Biogas sludge samples of 500 ml
volume were used to analyze the chemical and biological
characteristics (Tab. 2).

Treatment application

This study used a randomized block design with two fac-
tors and seven replicates. The first factor was the type of
superior bacterial isolates (BO = untreated; Bl = nitrogen-
fixing bacterial isolate (N3); B2 = phosphate solubilizing
bacteria isolate (P7); B3 = combination of isolates N3+P7)
atasimilar dose, namely 10 ml/polybag. The second factor
was the dosage of biogas sludge (SO = untreated; S1 = 157.5;
S2 = 315; S3 = 630 ml/polybag). Determination of biogas
sludge based on the dose of liquid organic fertilizer at the
oil palm was 126 m’ ha equal to 126,000 L ha (Sutarta et
al., 2000), then converted to soil weight per polybag (Eq.
1). Each replicate was harvested at 4, 8, and 12 weeks after
application (WAA) for determination of the crop growth
rate (CGR).

) Dose of liquid o
Biogas  _ organic fertilizer ha soil weight (1)
sludge Soil weight ha' per polybag
26,000 L ha™

= 2,000,000 kg ha x 10kg =130 ml

Plant growth variables and data analysis

The growth variables were assessed by measuring the
growth of upland rice (plant height, and total fresh and
dry weights), contents and uptake of N and P in the aerial

Characteristics Method Value
pH Electrometry 741
Chemical oxygen demand (mg L) Spectrophotometry 45478
Biological oxygen demand (mg L) Titrimetry 1127.5
Total N (%) Kijeldahl 0.051
Total P (%) Spectrophotometry 0.0097
Available P (%) Spectrophotometry 0.013
Total K (%) Graphite furnace - atomic absorption spectrophotometry (AAS) 018
Organic C (%) Walkley-Black 0.14
Ca (%) Graphite furnace-AAS 0.04
Mg (%) Graphite furnace-AAS 0.04
Na (mg L") Graphite furnace-AAS 44.41
Cu (%) AAS 0.0001
Total nitrogen-fixing bacteria (CFU ml™) Plate count 29.4x10°
Total phosphate solubilizing bacteria (CFU ml™) Plate count 7.0x10*

Laboratory analysis based on the Balai Penelitian Tanah (Indonesia Soil Research Institute) (2009).
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parts, and crop growth rate (CGR). The plant height was
measured from the root apex to the tip of leaves using a
measuring tape, and the total fresh weight was obtained
by weighing the roots and shoots. The total dry weight
(roots + shoots) was obtained after plant drying in an oven
(VS-1202D3, Vision Scientific Co., Korea) at 60°C for 48 h
and weighed using analytical scales. A 200 g sample of the
second leaf from the shoots was collected and analyzed to
determine the N content using the Kjeldahl method, and
the P content was recorded using the destruction method
through dry ashing (Bertramson, 1942). The N and P
uptake were measured using Equation 2. The CGR was
calculated as the dry weight related to the unit area at 4-8,
8-12,and 12-16 WA A using Equation 3 (Shon et al., 1997):

Nutrient nutrient content total dry

AW W2-W1
CGR = X (3)
At t2-t1

where:

CGR = crop growth rate;

W1 = dry weight per unit area at t1;
W2 = dry weight per unit area at t2;
t, = first sampling;

t, = second sampling.

The parameters of the second phase of the study were
analyzed by an ANOVA. If the treatment had a significant

: : (2) effect, the Duncan’s multiple range test was applied at
uptake in the shoots weight P<0.05 using SPSS v.20 software (IBM, 2011).
120 - A 120 -
101 102
1001 9699 498 97 98 100 |
E a0 E a0
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FIGURE 1. A) Effect of superior bacterial isolates, B) dosage of biogas sludge, and C) their interactions on plant height of upland rice at 4, 8, 12, and
16 weeks after application (WAA). Values followed by a different letter in the graph significantly differed according to the Duncan test at P<0.05.
Vertical bars indicate the standard error. Dosage of biogas sludge (SO = untreated; S1 = 157.5; S2 = 315; S3 = 630 ml/polybag). Superior bac-

terial isolates (BO = untreated; B1

Mustamu, Nasution, Irvan, and Sembiring: Effect of selected bacteria from biogas sludge on the growth and nutrition of upland rice

= isolate N3, B2 = isolate P7; B3 =

isolates N3+P7).

453



Results

Effect of bacterial isolates and biogas
sludge on upland rice growth

Plant height of upland rice

The effect of biogas sludge application was significant
on the plant height of upland rice at 8, 12, and 16 WAA.
Superior bacterial isolates and their interactions did not
have a significant effect on the plant height of upland
rice at 4, 8, 12, and 16 WAA (Fig. 1A-C). A significant
increase in plant height of upland rice was observed with
higher doses of biogas sludge of 630 ml/polybag at 8, 12,

and 16 WAA, with the highest increase of 14.81% com-
pared to the control at 16 WAA. Although the effect was
not significant, the combination of isolates B3 and the
interaction of B2S3 showed the highest increase in plant
height of upland rice by 2.94% and 22.06%, respectively,
compared to the control.

Biomass of upland rice
The effect of biogas sludge significantly increased the total
fresh weight of upland rice at 8, 12, and 16 WA A. Superior
bacterial isolates and their interactions did not have a
significant effect on the total fresh weight of upland rice
at 4-16 WA A (Tab. 3).

TABLE 3. Effect of superior bacterial isolates, biogas sludge, and their interactions on the total fresh weight (shoot + roots) of individual upland rice

plants at 4, 8, 12, and 16 weeks after the application (WAA).

Treatments Total fresh weight (g) + standard error

4 WAA 8 WAA 12 WAA 16 WAA
Superior bacterial isolates (B)
BO 415 =0.21 169.31 = 8.90 215.27 = 8.42 229.82 = 8.94
B1 312 +012 194.50 = 9.35 235.08 + 10.32 252.02 = 10.22
B2 452 = 0.23 162.89 = 11.15 201.85 = 9.89 230.70 = 9.28
B3 3.30+0.25 173.91 £ 12.55 220.40 + 15.96 245.03 = 16.32
Biogas sludge (S)
S0 372024 144.07 £ 9.37b 182.67 = 7.14b 197.56 + 6.58 b
St 3.58 = 0.27 153.41 £ 793b 190.70 = 8.90 b 215.65 = 7.03b
S2 3.64 +0.27 199.68 = 10.30a 258.70 + 9.63a 28015 +9.25a
S3 415+ 0.25 203.45 = 1.36a 240.52 = 2.81a 264.21 = 2.42a
Interactions (BxS)
B0SO 499 +0.33 124.08 + 5.60 185.64 = 3.32 192.78 + 2.96
BOST 3.47 =0.26 160.43 = 1.16 188.60 = 5.76 207.05 + 3.97
B0S2 342 =042 185.97 = 6.80 232.60 + 8.75 250.84 = 7.40
B0S3 471 £0.42 206.76 + 5.49 254.23 = 10.27 268.61 + 8.85
B1S0 2.80 = 0.18 155.79 + 112 183.96 = 5.20 202.88 + 2.88
B1S1 374 +0.29 174.82 = 9.01 22791 + 6.38 236.60 = 6.32
B1S2 3.28 =040 24117 = 5.25 283.60 + 7.76 296.08 + 8.05
B1S3 2.67 =0.22 206.20 = 7.23 244.85 + 6.26 272.52 + 4.34
B2S0 319018 190.90 = 7.77 215.36 = 7.67 22911 £ 6.75
B2S1 4.85+0.38 106.74 = 13.42 14316 = 13.02 179.61 = 10.36
B2S2 520 = 0.24 148.40 = 11.59 219.65 = 5.26 248.72 = 6.94
B2S3 4.82 = 0.45 205.53 = 10.50 229.21 = 16.57 265.34 = 9.58
B3S0 391 +0.30 105.53 = 3.94 14572 =1.96 165.45 + 1.11
B3S1 2.25+0.09 171.63 = 4.90 20314 = 7.07 239.34 = 12.07
B3S2 2.66 = 0.14 22317 = 7.84 298.95 + 1.51 324.94 = 3.03
B3S3 437 =0.07 195.31 £ 6.77 233.79 + 8.40 250.38 + 8.16
CV (%) 56.09 29.68 26.31 20.78

Values followed by a different letter in the column significantly differed according to the Duncan test at P<0.05. CV - coefficient of variation. Dosage of biogas sludge (SO = untreated; S1 =
157.5; S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = untreated; B1 = isolate N3, B2 = isolate P7, B3 = isolates N3+P7).
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A significant increase in the total fresh weight of upland
rice was observed with the higher dose of biogas sludge of
315 ml/polybag at 16 WA A, with the highest increase of
41.81% compared to the control. Although the effect was
not significant, Bl and the interaction of B3S2 showed
the highest increase in the total fresh weight of upland
rice with 9.66% and 68.55%, respectively, compared to
the control.

The effect of biogas sludge significantly increased the total
dry weight of upland rice at 12 and 16 WA A. Superior bac-
terial isolates and their interactions had an insignificant
effect on the total dry weight of upland rice at 4-16 WAA
(Tab. 4).

A significant increase in the total dry weight of upland
rice was observed with the increase in the dosage of bio-
gas sludge of 630 ml/polybag at 16 WA A, with the highest
increase of 50.55% compared to the control. Although the
effect was not significant, Bl and the interaction of B3S3
showed the highest increase in the total dry weight of up-
land rice with 20.84% and 81.53%, respectively, compared
to the control.

Crop growth rate of upland rice

The effect of superior bacterial isolates, biogas sludge, and
their interactions significantly increased the crop growth
rate of upland rice at 12-16 WA A but did not have a signi-
ficant effect at 4-8 and 8-12 WAA (Tab. 5).

TABLE 4. Effect of superior bacterial isolates, biogas sludge, and their interactions on the total dry weight (shoot + roots) of individual upland rice

plants at 4, 8, 12, and 16 weeks after the application (WAA).

Total dry weight (g) = standard error

Treatments

4 WAA 8 WAA 12 WAA 16 WAA
Superior bacterial isolates (B)
BO 1.38 + 0.06 48.01 = 1.29 73.60 + 3.99 82.52 = 418
B1 113 = 0.05 54.09 = 2.41 76.83 + 2.66 99.72 + 415
B2 1.49 + 0.06 47.30 = 3.30 73.20 = 2.28 98.25 = 3.90
B3 115 = 0.07 52.32 = 3.39 7718 = 4.90 98.47 + 4.56
Biogas sludge (S)
S0 1.26 + 0.06 4551 + 2.63 62.88 =2.19b 76.78 = 1.63 ¢
St 1.23 £ 0.08 44.47 = 1.71 68.52 = 2.00 ab 87.65 = 2.84 b
S2 1.26 = 0.08 55.36 = 3.43 85.69 = 1.08a 98.95 +1.86b
S3 1.40 = 0.06 56.38 = 1.05 83.73 = 3.44a 115.59 = 211a
Interactions (Bx$)
B0OSO 1.58 = 0.08 4173 =278 58.08 = 1.54 67.23 = 0.96
BOS1 112 =0.08 4587 = 0.83 62.74 = 1.83 71.08 = 1.91
B0S2 1.20 = 0.12 52.25 = 2.07 81.39 = 548 88.28 = 5.02
B0S3 1.60 = 0.12 5218 = 0.29 92.20 = 3.05 103.49 = 2.43
B1S0 0.97 = 0.04 46.64 = 1.39 69.53 = 4.90 80.30 = 4.51
B1S1 1.40 + 0.07 4813 = 2.78 78.91 = 0.53 96.23 = 1.50
B1S2 112 = 0.10 67.79 = 1.44 91.05 = 2.25 101.80 = 2.40
B1S3 1.02 = 0.08 53.81 = 3.76 67.84 =1.77 120.54 = 2.15
B2S0 117 = 0.05 59.32 = 2.33 70.92 = 4.20 81.43 + 3.82
B2S1 1.54 £ 010 34.47 = 2.16 61.69 = 1.97 89.84 = 1.41
B2S2 1.73 = 0.05 37.37 £ 3.74 83.10 = 1.19 105.46 = 1.37
B2S3 1.53 = 0.10 58.05 = 1.76 7707 =427 116.28 = 1.30
B3S0 1.30 = 0.07 34.35 = 7.04 52.98 = 0.73 78.16 = 0.48
B3S1 0.85 +0.03 49.40 = 0.08 70.72 = 1.29 93.44 =219
B3S2 0.99 = 0.05 64.05 = 4.68 87.22 =2.90 100.26 = 1.93
B3S3 1.44 + 0.02 61.48 = 2.47 97.80 = 0.77 122.04 = 0.20
CV (%) 43.80 31.22 26.54 18.38

Values followed by a different letter in the column significantly differed according to the Duncan test at P<0.05. CV - coefficient of variation. Dosage of biogas sludge (SO = untreated; S1 =
157.5; S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = untreated; B1 = isolate N3, B2 = isolate P7, B3 = isolates N3+P7).
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TABLE 5. Effect of superior bacterial isolates, biogas sludge, and their interactions on the crop growth rate of the upland rice 4, 8, 12, and 16 weeks

after the application (WAA).

Biogas sludge (S)
Superior bacterial isolates (B) Average
S0 $1 S2 S3
4-8 WAA

BO 1.434 1.598 1.823 1.806 1.665

B1 1.631 1.669 2.381 1.885 1.892

B2 2.077 1176 1.273 2.019 1.636

B3 1.180 1.734 2.252 2144 1.828
Average 1.580 1.544 1.932 1.964 CV = 32.28%

8-12 WAA

BO 0.584 0.602 1.041 1.430 0.914

B1 0.818 1.099 0.831 0.501 0.812

B2 0.414 0.972 1.633 0.679 0.925

B3 0.665 0.761 0.828 1.297 0.888
Average 0.620 0.859 1.083 0.977 CV =56.17%

12-16 WAA

BO 0.327 fgh 0.298 gh 0.246 h 0.403 b-h 0.318b

B1 0.385¢-h 0.619a-h 0.384 d-h 1.882a 0.817a
B2 0.375e-h 1.005a-h 0.798 a-h 1.400 a-h 0.895a
B3 0.899 a-h 0.811a-h 0.466 a-h 0.866 a-h 0.761a
Average 0.496 b 0.683b 0.474 b 1.138a CV =51.07%

Values followed by a different letter in the column significantly differed according to the Duncan test at P<0.05; CV - coefficient of variation. Dosage of biogas sludge (SO = untreated;
S1 =157.5; S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (B0 = untreated; B1 = isolate N3, B2 = isolate P7, B3 = isolates N3+P7).

The biogas sludge dose of 630 ml/polybag (S3) significantly
increased the highest crop growth rate for upland rice
at 12-16 WA A by 129.44% compared to the control. The
isolates B1-B3 significantly increased the crop growth rate
of upland rice with the highest increase for B2 of 181.45%
compared to the controls at 12-16 WAA. The interaction
of B1S3 significantly increased the crop growth rate of
upland rice, showing values 5.76 times greater than those
of the control.

Effect of bacterial isolates and biogas
sludge on upland rice nutrition

Contents of N and P in the upland rice

The effect of biogas sludge, superior bacterial isolates, and
their interactions did not have a significant effect on the
content of N and P in the upland rice (Fig. 2A-C). The
biogas sludge doses of 315 and 630 ml/polybag (S2 and
S3) increased P and N in the plant tissue of upland rice by
33.33% and 4.53%, respectively, compared to the control.
The isolate B2 showed the highest content of N in the plant
tissues of upland rice with values 1.63% higher than those of
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the control. However, all isolates (B1-B3) showed a similar
level of P in the plant tissues of upland rice compared to
the control.

Uptake of N and P in the upland rice

The effect of biogas sludge significantly increased the
uptake of N and P. The superior bacterial isolates signifi-
cantly increased the uptake of nitrogen. The interaction of
biogas sludge with superior bacterial isolates did not show
a significant effect on the uptake of N and P in the upland
rice (Fig. 2D-F).

A significant increase in the uptake of N and P in upland
rice was observed with a higher dose of biogas sludge of
630 ml/polybag, with the highest increases of 54.11% and
65.20%, respectively, compared to the control. The bacte-
rial isolates B1-B3 also significantly increased the uptake
of N in the upland rice with the highest increase with B2 of
20.77% compared to the control. Although the effect was
not significant, B3 showed the highest uptake of P in the
upland rice of 19.93% compared to the control.
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FIGURE 2. Effect of superior bacterial isolates, dosage of biogas sludge, and their interactions on the nutrient content (A-C) and uptake of N and P (D-
F) of upland rice. Values followed by different letters significantly differed according to the Duncan test at P<0.05. Vertical bars indicate the standard
error. Dosage of biogas sludge (SO = untreated; S1 = 157.5; S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = untreated; B1
= isolate N3, B2 = isolate P7, B3 = N3+P7 isolates).
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Discussion

Effect of selected superior bacterial isolates

The selected superior bacterial isolates (N3 and P7) signifi-
cantly increased the uptake of nitrogen and the crop growth
rate of upland rice in an Ultisol at 12-16 WA A but did not
have a significant effect on plant height, total fresh weight,
total dry weight, content of N and P in leaves, uptake of
phosphorus by the plants, and crop growth rate of upland
rice from 4 to 12 WA A. The superior bacterial isolates (N3,
P7,and N3+P7) increased the uptake of nitrogen in upland
rice by 14.64%, 20.77%, and 20.68%, respectively, compared
to the control (Fig. 2). Similar results are also shown in
Table 5, with the crop growth rate of upland rice at 12-16
WAA increased by 2.57, 2.81, and 2.39 times, respectively,
due to the selected superior bacterial isolates (N3, P7,
N3+P7) compared to the control. The results indicate that
a single P7 bacterial isolate increased the nitrogen uptake
and crop growth rate of upland rice compared to a single
N3 isolate and the combination of N3+P7 isolates. This was
due to the presence of several organic acids and hormones
produced by the isolate P7 that can increase the uptake of
nitrogen and crop growth rate of upland rice. This result
is supported by Mustamu et al. (2021a) who found that
the phosphate solubilizing bacterial isolate (P7) from the
biogas sludge contains organic acids, such as lactic, oxalic,
acetic, and citric, and had the highest ability to solubilize
phosphate from calcium triphosphate and rock phosphate
with values 4.62 and 2.66 times higher, respectively, com-
pared to the control. Meena et al. (2016) reported that the
availability of nitrogen and phosphorus in soils slightly
increased with the application of bio fertilization with
Bacillus cereus. This was due to the production of organic
acids and other substances, including citric, tartaric, and
oxalic acids, that can stimulate plant growth and nutrient
availability. Youssef and Eissa (2017) reported that the in-
crease in vegetative growth and total biomass was due to
increased photosynthesis, translocation, and accumulation
of mineral nutrients. Khan et al. (2020) reported that Ba-
cillus cereus strain SA1 can produce the hormones gibbe-
rellin, indole-acetic acid (IA A), and organic acids. Ferrara
et al. (2012) reported that gibberellin and IAA can increase
plant growth under stressful conditions. Kang et al. (2014)
indicated that the plant growth-promoting bacteria (PGPB)
has several mechanisms to increase plant growth with
nitrogen-fixation and phosphate solubilization, increasing
nutrient availability. Suksong et al. (2016) reported that
bacteria of palm oil solid waste from an anaerobic digester
include Ruminococcus sp., Thiomargarita sp., Clostridium
sp. Anaerobacter sp., Bacillus sp., Sporobacterium sp., Sac-
charofermentans sp., Oscillibacter sp., Sporobacter sp., and
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Enterobacter sp. Liaquat et al. (2017) also reported abun-
dance of Bacillus, Clostridium, and Enterobacter spp. in an
anaerobic digester of wastewater when producing biogas.

Effect of biogas sludge

The dose of biogas sludge significantly increased the plant
height, total fresh weight (8, 12, and 16 WAA), total dry
weight (12 and 16 WA A), uptake (N and P), and crop growth
rate of upland rice at 8-12 WA A. However, it did not have
a significant effect on the content (N and P) in leaf tissue,
and crop growth rate of upland rice (4-8 and 8-12 WAA).
Anincrease in plant height, total dry weight, uptake of ni-
trogen and phosphorus, and also crop growth rate of upland
rice in an Ultisol with a higher dose of biogas sludge of 630
ml/polybag was seen at the end of this study (16 WAA). In
contrast, the total fresh weight increased along with the
higher dose of biogas sludge of 315 ml/polybag and then
decreased at the dose of 630 ml/polybag. This result is due
to the chemical characteristics of the biogas sludge such as
pH (7.41), total N (0.051%), available P (0.013%), organic C
(0.14%), total K (0.18%), and the biological characteristics
such as total nitrogen-fixing bacteria (29.4x10° CFU ml™")
and total phosphate solubilizing bacteria (7.0x10* CFU ml™)
(Tab. 2). The organic C content and the total population of
nitrogen-fixing and phosphate solubilizing bacteria from
the biogas sludge could increase the uptake of nitrogen
and phosphorus in upland rice with an increasing dose of
biogas sludge of 630 ml/polybag (Fig. 2). Therefore, the nu-
trients absorbed are used for plant metabolic processes and
stimulate the plant height, biomass, and crop growth rate
of the upland rice. A similar result was reported by Mus-
tamu and Triyanto (2020), who determined the macro and
micronutrients from the biogas sludge and the population
of nitrogen-fixing and phosphate solubilizing bacteria of
480x10*and 42x10* CFU ml", respectively. Ndubuisi-Nnaji
et al. (2020) reported that the total phosphate solubilizing
bacteria (1.6 to 2.5 CFU ml") was significantly higher than
nitrogen-fixing bacteria (0.5-1.4 CFU ml"), showing a
significant increase in nutrient concentration in the order
of N>K>P>Ca>Mg>S in all anaerobic digester bioreactors.
Moller and Miiller (2012) reported an increase in concen-
trations of NH,*-N from 45% to 80% in the anaerobic waste.

Interaction of selected superior bacterial

isolates and biogas sludge

The interaction of biogas sludge and superior bacterial
isolates only significantly increased the crop growth rate
of upland rice in Ultisols at 12-16 WA A but did not have
a significant effect on the other parameters in this study.
The interaction of Bl with biogas sludge at the dose of 630
ml/polybag (B1S3) showed the highest crop growth rate of
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upland rice compared to other interactions and was 5.76
times greater compared to the control. This was caused by
the application of biogas sludge that could have increased
soil organic matter and the total population of beneficial
bacteria. Likewise, the biogas sludge contained organic C
(0.14%), total nitrogen-fixing bacteria (29.4x10° CFU ml
", and total phosphate solubilizing bacteria (7.0x10* CFU
ml") (Tab. 2) that could improve soil quality and increase
the CGR. This result is supported by Urra et al. (2019) who
found that the application of sewage sludge in the long term
significantly increases the organic matter contents in the
soil, causing a decrease in soil pH due to the nitrification of
ammonium in sewage sludge and the production of organic
acids along with the decomposition of the organic matter.
Bhardwaj et al. (2014) and Carvajal-Muiloz and Carmona-
Garcia (2012) showed that the application of a biofertilizer
had advantages for the plants such as availability of nutri-
ents balanced for plant health. It also stimulates nutrient
mobilization that can increase soil biological activity and
nutrient availability for microorganisms to encourage the
growth of beneficial microorganisms, increasing the soil
organic matter content and, therefore, the cation exchange
capacity. Siswanti and Lestari (2019) indicated that the in-
teraction of biogas sludge + biofertilizer (36 ml + 10 L ha™)
significantly increased the plant height, number of leaves,
and capsaicin content in chili pepper compared to a single
treatment of biogas sludge and biofertilizer.

Conclusions

The isolates N3, P7, N3+P7 from the biogas sludge signifi-
cantly increased the uptake of nitrogen (20.77%) and crop
growth rate (2.81 times higher than the control) of upland
rice in Ultisols with the highest increase found with the P7
isolate. The dose of biogas sludge significantly increased
plant height (14.81%), total dry weight (50.55%), uptake of
nitrogen (54.11%) and phosphorus (65.20%), and also crop
growth rate (129.44%) of upland rice in Ultisols with the
highest increase at a dose of 630 ml/polybag. Likewise, the
dose of biogas sludge significantly increased the total fresh
weight of upland rice by 41.81% with the highest increase at
the dose of 315 ml/polybag. The interaction of isolates N3,
P7,N3+P7 with the dose of biogas sludge only significantly
increased the crop growth rate of upland rice in Ultisols
5.76 times with the highest increase found with B1S3.
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Effect of selected bacteria from biogas sludge on
the growth and nutrition of upland rice

Efecto de las bacterias seleccionadas de los lodos de biogas en
el crecimiento y la nutricion del arroz de tierras altas

Novilda Elizabeth Mustamu’, Zulkifli Nasution?', Irvan®, and Mariani Sembiring?

This study evaluated the influence of selected superior bacterial
isolates (SBI), biogas sludge, and their interactions on growth
and nutrient uptake of upland rice grown in Ultisols. We used
a randomized block design with two factors and seven repli-
cates from October 2020 to April 2021. The first factor used
selected SBI (BO = untreated, Bl = nitrogen-fixing bacteria
isolate (N3), B2 = phosphate solubilizing bacteria isolate (P7),
B3 = isolate combination (N3+P7)). The second factor was
the dosage of biogas sludge (SO = untreated, S1 = 157.5; S2 =
315; S3 = 630 ml/polybag). The parameters were determined
by ANOVA and followed by Duncan’s multiple range test at
P<0.05. The results showed that the isolate P7 significantly
increased the N uptake by 20.77% and crop growth rate (CGR)
of upland rice 2.81 times. Biogas sludge doses from 315 to 630
ml/polybag significantly increased plant height, uptake of N
and P, total fresh and dry weight, and CGR of upland rice. The
interaction between N3 and biogas sludge dosage of 630 ml/
polybag significantly increased the CGR of upland rice. The
application of isolates N3 and P7 and their combination with
biogas sludge of 630 ml/polybag has the potential to increase
the CGR of upland rice in acidic soils.

Key words: acidic soil, crop growth rate, dosage, sludge
potential.

El presente estudio evalud la influencia de aislamientos bac-
terianos superiores seleccionados (ABS), lodos de biogas y sus
interacciones sobre el crecimiento y la absorcién de nutrientes
del arroz de tierras altas cultivado en ultisoles. Se utilizé un
disefio de bloques al azar con dos factores y siete repeticiones
desde octubre de 2020 hasta abril de 2021. El primer factor uti-
lizado selecciond ABS (B0 = sin tratamiento, Bl = aislamiento
de bacterias fijadoras de nitrégeno (N3), B2 = aislamiento de
bacterias solubilizadoras de fosfato (P7), B3 = combinacion de
aislamientos (N3+P7)). El segundo factor fue la dosificacion
del lodo de biogas (SO = sin tratamiento, S1 = 157.5; S2 = 315;
S3 = 630 ml/polybag). Los parametros fueron determinados
por analisis de varianza y seguidos de la prueba de rangos
multiples de Duncan a P<0.05. Los resultados mostraron que
el aislamiento P7 aumentd significativamente la absorcion de
N en un 20.77% y la tasa de crecimiento del cultivo (TCC) de
arroz de tierras altas 2.81 veces. Las dosis de lodos de biogas de
315 a 630 ml/polybag aumentaron significativamente la altura
de la planta, la absorcion de N y P, el peso fresco y seco total
y el TCC de arroz de tierras altas. La interaccién de N3 con la
dosis de lodos de biogas de 630 ml/polybag aument significa-
tivamente la TCC del arroz de tierras altas. La aplicacion de los
aislamientos N3 y P7 y su combinacién con lodos de biogas de
630 ml/polybag tiene el potencial de aumentar la TCC de arroz
de tierras altas en suelos acidos.

Palabras clave: suelo 4cido, tasa de crecimiento de cultivos,
dosis, potencial de lodo.

Introduction

Biogas sludge is the waste by-product from an anaerobic
processing system (FAO, 1977) and has a high nutrient
content that can be used as organic fertilizer to increase soil
fertility and plant yield (Adela et al., 2014). The following
characteristics of the biogas sludge from palm oil waste have
been reported: total N of 490 mg L, total P of 110 mg L™,
total K of 1.9 mg L (Lubis et al., 2014), C/N 8; 0.14% N,
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1.12% C (Tepsour et al., 2019), and N-NH; 0f 91-112 mg L™
(Choorit & Wisarnwan, 2007). The pH may range from 6.8
to 8.3, with the highest bacterial population of 7.21x107 cells
ml” and the lowest of 3.15x107 cells ml” (Alvionita et al.,
2019). Additionally, Mustamu and Triyanto (2020) reported
that the biogas sludge has nitrogen-fixing and phosphate
solubilizing bacteria that have the potential to increase the
availability of nitrogen and phosphate in soils.
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The diversity of beneficial bacteria such as nitrogen-fixing
and phosphate solubilizing bacteria has a greater potential
to increase soil fertility and plant growth. Zhang et al.
(2013) reported that phosphate solubilizing bacteria play
an important role in increasing soil fertility and plant yield,
and reducing the use of chemical fertilizers. Sharma et al.
(2013) described different Bacillus species, such as B. circu-
lans, B. cereus, B. fusiformis, B. pumilus, B. megaterium, B.
mycoides, B. coagulans, B. chitinolyticus, and B. subtilis as
phosphate solubilizing microorganisms. Ambrosini et al.
(2016) showed the highest nitrogenase activity in Bacillus
cereus among 42 different strains of Bacillus spp. Lim et
al. (2018) also reported the dominant bacteria found in the
biogas sludge from anaerobic processing using the pyrose-
quencing and clone library methods, i.e., Proteobacteria,
Firmicutes, Bacteroidetes, and Thermotogae.

The application of bacteria from biogas sludge has never
been reported in Indonesia for improving upland rice
growth on acidic soils, including Ultisols. According
to the Pusat Penelitian Tanah dan Agroklimat (Center
for Soil and Agro-climate Research) (2000), the area in
Indonesia covered by Ultisols is 45.8 million ha or 24%
of the total area of the country. Furthermore, according
to the Ministry of Agriculture, the area dedicated to rice
cultivation in Indonesia is 15,712,025 ha with a yield
of 81,148,617 t in 2017, and the contribution of upland
rice yield is 4.66% (Kementerian Pertanian, 2017). The
yield contribution of upland rice is classified as low and,
therefore, it is necessary to find options to increase it.
Therefore, it is necessary to test the potential of beneficial
bacterial isolates from biogas sludge to increase the avail-
ability of nitrogen and phosphate and, thus, the growth
response of upland rice in Ultisols. This study aimed to
evaluate the influence of selected superior bacterial iso-
lates, biogas sludge, and their interaction on the mineral
nutrition of the upland rice grown in Ultisols.

Materials and methods

Study area

The concentration of total N and available P in Ultisols
and in the plant tissue (N and P uptake) were analyzed in
the Analytical Laboratory of Socfin Indonesia Inc., Medan
(Indonesia). The bacterial isolates were applied to upland
rice in the village of Padang Bulan (3°37.760’ N, 98°38.898’
E, and altitude of 18 m a.s.l.), Medan Selayang Subdistrict,
Medan City, Indonesia, from October 2020 to April 2021.
The average temperature was 27.4°C, the average air hu-
midity was 82%, and the average rainfall was 228.5 mm
per month.

Preparation of medium and upland rice seeds

The medium to grow upland rice plants was the Ultisol soil
from the Simalingkar area, Medan Tuntungan Subdistrict,
Medan City, collected at a depth of 0 to 20 cm. One hun-
dred g of soil sample were taken and analyzed for chemical
characteristics of pH H,0, organic C by Walkley-Black,
available P by Bray-II, total N using the Kjeldahl method,
and cation exchange capacity (CEC) and base saturation
(K, Ca, Na, Mg) by ammonium acetate pH7 method (Tab.
1). The soil was sterilized by drying at 100°C for 2 h. To
prevent heat from the sterilization process, the soil was
incubated for 1 d and then placed into a 10 kg polybag (18
cm x 18 cm). A basic NPK fertilizer (16-16-16) by Meroke
Tetap Jaya Inc. (Medan, Indonesia) at a dose of 1.5 g/poly-
bag was applied by stirring evenly with the soil. The seeds of
upland rice (Oryza sativa L.) of the inbred variety Inpago-8
from the Indonesian Agency for Agricultural Research
and Development were soaked in water for 24 h, followed
by the application of the fungicide Propineb (70%) for 2 h.
Upland rice was planted after 1 d of basic fertilization with
two seeds per polybag at a depth of 2 cm.

TABLE 1. Chemical characteristics of the Ultisol soil samples after ste-
rilization at 100°C.

gl?:rn;i:ﬁaelristics Method Value Category
Soil pH (H,0) Electrometry 4.80 Acid
Organic C (%) Walkley-Black 0.44 Very low
Total N (%) Kjeldahl 0.04 Very low
Available P (mg kg™) Spectrophotometry 870.25  Very high
CEC (meq 100 ¢™) Ammonium acetate pH 7 28.31 High
Base saturation (%) Ammonium acetate pH 7 4.85 Very low
Exchangeable cations
K (megq 100 g") Ammonium acetate pH 7 0.60 High
Ca(meq100g™) Ammonium acetate pH 7 0.34 Very low
Mg (meq 100 g™) Ammonium acetate pH 7 0.32 Very low
Na (meq 100 g Ammonium acetate pH 7 0.09 Very low
Al (%) Ammonium acetate pH 7 0.02 Very low

Criteria for pH (H,0) = 4.5-5.5 (acid); organic C <1% (very low); total N <0.1% (very low);
available P >60 mg kg™ (very high); cation exchange capacity (CEC) = 25-40 meq 100 g
(high); base saturation <20% (very low); exchangeable K = 0.60-1.00 meq 100 g™ (high);
exchangeable Ca <2 meq 100 g™ (very low); exchangeable Mg <0.4 meq 100 g™ (very low);
exchangeable Na <0.1 meq 100 g (very low); exchangeable Al <5% (very low) (Balai Penelitian
Tanah (Indonesia Soil Research Institute), 2009).

Preparation of superior bacterial isolates

suspension and biogas sludge

One ml of the bacterial isolate suspension obtained from
the characteristic stage was put into a test tube containing 9
ml of distilled water, homogenized and then diluted to 10~.
A total of 0.1 ml of the suspension from the last dilution was
spread over James nitrogen free malat bromothymol blue
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(JNFB) medium (Kirchhof et al., 1997) for the nitrogen-
fixing bacterial isolates test and Pikovskaya (PVK) medium
(Pikovskaya, 1948) for the phosphate solubilizing bacteria
isolates. The culture medium was incubated for 2 to 3 d at
37°C.The nitrogen-fixing bacterial isolate test was charac-
terized by the presence of colonies growing on the JNFB
medium. The growth of phosphate solubilizing bacterial
isolates was indicated by a halo zone around the microbial
colonies on the PVK medium. Seven nitrogen-fixing and
seven phosphate-solubilizing isolates were found to pro-
duce total N and available P. The isolates that showed the
highest phosphate and nitrogen increasing abilities were
selected, namely phosphate solubilizing bacteria (P7) and
nitrogen-fixing bacteria (N3), which were confirmed by
Mustamu et al. (2021a; 2021b).

The biogas sludge was collected from Nubika Jaya Inc.,
Pinang City, Labuhanbatu District, North Sumatra Prov-
ince, Indonesia. The procedure for processing biogas sludge
was the following: the palm oil mill removed the palm oil
mill effluent (POME) waste from the second pond which
has been mixed with oil and then separated at an optimal
temperature of 35°C. Liquid waste was then pumped into
the receiver tank of 10 m’ volume and filtered on a fiber
tank screen to separate solid waste such as fiber and other
materials. Liquid waste from the receiver tank was further
pumped into the tower tank. Then, it was distributed evenly
to the fixed tank at a temperature of 35 to 37°C and a flow
rate of 20 to 30 m*/h. Finally, the biogas sludge was taken
from the fixed tank. Bacterial isolates and biogas sludge
were applied to the soil surface at the base of the plants at

TABLE 2. Chemical and biological characteristics of the biogas sludge.

one week after planting. Biogas sludge samples of 500 ml
volume were used to analyze the chemical and biological
characteristics (Tab. 2).

Treatment application

This study used a randomized block design with two fac-
tors and seven replicates. The first factor was the type of
superior bacterial isolates (BO = untreated; Bl = nitrogen-
fixing bacterial isolate (N3); B2 = phosphate solubilizing
bacteria isolate (P7); B3 = combination of isolates N3+P7)
atasimilar dose, namely 10 ml/polybag. The second factor
was the dosage of biogas sludge (SO = untreated; S1 = 157.5;
S2 = 315; S3 = 630 ml/polybag). Determination of biogas
sludge based on the dose of liquid organic fertilizer at the
oil palm was 126 m’ ha equal to 126,000 L ha (Sutarta et
al., 2000), then converted to soil weight per polybag (Eq.
1). Each replicate was harvested at 4, 8, and 12 weeks after
application (WAA) for determination of the crop growth
rate (CGR).

) Dose of liquid o
Biogas  _ organic fertilizer ha soil weight (1)
sludge Soil weight ha' per polybag
26,600 I ha'

= X 10 k =120 ml
2,000,000 kg ha™ 874

Plant growth variables and data analysis

The growth variables were assessed by measuring the
growth of upland rice (plant height, and total fresh and
dry weights), contents and uptake of N and P in the aerial

Characteristics Method Value
pH Electrometry 741
Chemical oxygen demand (mg L) Spectrophotometry 45478
Biological oxygen demand (mg L) Titrimetry 1127.5
Total N (%) Kijeldahl 0.051
Total P (%) Spectrophotometry 0.0097
Available P (%) Spectrophotometry 0.013
Total K (%) Graphite furnace - atomic absorption spectrophotometry (AAS) 018
Organic C (%) Walkley-Black 0.14
Ca (%) Graphite furnace-AAS 0.04
Mg (%) Graphite furnace-AAS 0.04
Na (mg L") Graphite furnace-AAS 44.41
Cu (%) AAS 0.0001
Total nitrogen-fixing bacteria (CFU ml™) Plate count 29.4x10°
Total phosphate solubilizing bacteria (CFU ml™) Plate count 7.0x10*

Laboratory analysis based on the Balai Penelitian Tanah (Indonesia Soil Research Institute) (2009).
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parts, and crop growth rate (CGR). The plant height was
measured from the root apex to the tip of leaves using a
measuring tape, and the total fresh weight was obtained
by weighing the roots and shoots. The total dry weight
(roots + shoots) was obtained after plant drying in an oven
(VS-1202D3, Vision Scientific Co., Korea) at 60°C for 48 h
and weighed using analytical scales. A 200 g sample of the
second leaf from the shoots was collected and analyzed to
determine the N content using the Kjeldahl method, and
the P content was recorded using the destruction method
through dry ashing (Bertramson, 1942). The N and P
uptake were measured using Equation 2. The CGR was
calculated as the dry weight related to the unit area at 4-8,
8-12,and 12-16 WA A using Equation 3 (Shon et al., 1997):

Nutrient nutrient content total dry

AW W2-W1
CGR = X (3)
At t2-t1

where:

CGR = crop growth rate;

W1 = dry weight per unit area at t1;
W2 = dry weight per unit area at t2;
t, = first sampling;

t, = second sampling.

The parameters of the second phase of the study were
analyzed by an ANOVA. If the treatment had a significant

: : (2) effect, the Duncan’s multiple range test was applied at
uptake in the shoots weight P<0.05 using SPSS v.20 software (IBM, 2011).
120 - A 120 -
101 102
1001 9699 498 97 98 100 |
E a0 E a0
g 60 g 60
S 40 S 40
20 - 20 -
0 !
Untreated N3 P7 N3-+P7 0 157.5 315 630
Bacterial isolates Dosage of biogas sludge (ml/polybag)
H4WAA ESWAA [12WAA @16 WAA H4WAA E8WAA [O12WAA @16 WAA
C
120 112
108 107
102 103 102
0198 % 95 99 951004 296 498 296 95 95
488 88 28.
5 80
)
3 60 54
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Interactions
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FIGURE 1. A) Effect of superior bacterial isolates, B) dosage of biogas sludge, and C) their interactions on plant height of upland rice at 4, 8, 12, and
16 weeks after application (WAA). Values followed by a different letter in the graph significantly differed according to the Duncan test at P<0.05.
Vertical bars indicate the standard error. Dosage of biogas sludge (SO = untreated; S1 = 157.5; S2 = 315; S3 = 630 ml/polybag). Superior bac-

terial isolates (BO = untreated; B1
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Results

Effect of bacterial isolates and biogas
sludge on upland rice growth

Plant height of upland rice

The effect of biogas sludge application was significant
on the plant height of upland rice at 8, 12, and 16 WAA.
Superior bacterial isolates and their interactions did not
have a significant effect on the plant height of upland
rice at 4, 8, 12, and 16 WAA (Fig. 1A-C). A significant
increase in plant height of upland rice was observed with
higher doses of biogas sludge of 630 ml/polybag at 8, 12,

and 16 WAA, with the highest increase of 14.81% com-
pared to the control at 16 WAA. Although the effect was
not significant, the combination of isolates B3 and the
interaction of B2S3 showed the highest increase in plant
height of upland rice by 2.94% and 22.06%, respectively,
compared to the control.

Biomass of upland rice
The effect of biogas sludge significantly increased the total
fresh weight of upland rice at 8, 12, and 16 WA A. Superior
bacterial isolates and their interactions did not have a
significant effect on the total fresh weight of upland rice
at 4-16 WA A (Tab. 3).

TABLE 3. Effect of superior bacterial isolates, biogas sludge, and their interactions on the total fresh weight (shoot + roots) of individual upland rice

plants at 4, 8, 12, and 16 weeks after the application (WAA).

Treatments Total fresh weight (g) + standard error

4 WAA 8 WAA 12 WAA 16 WAA
Superior bacterial isolates (B)
BO 415 =0.21 169.31 = 8.90 215.27 = 8.42 229.82 = 8.94
B1 312 +012 194.50 = 9.35 235.08 + 10.32 252.02 = 10.22
B2 452 = 0.23 162.89 = 11.15 201.85 = 9.89 230.70 = 9.28
B3 3.30+0.25 173.91 £ 12.55 220.40 + 15.96 245.03 = 16.32
Biogas sludge (S)
S0 372024 144.07 £ 9.37b 182.67 = 7.14b 197.56 + 6.58 b
St 3.58 = 0.27 153.41 £ 793b 190.70 = 8.90 b 215.65 = 7.03b
S2 3.64 +0.27 199.68 = 10.30a 258.70 + 9.63a 28015 +9.25a
S3 415+ 0.25 203.45 = 1.36a 240.52 = 2.81a 264.21 = 2.42a
Interactions (BxS)
B0SO 499 +0.33 124.08 + 5.60 185.64 = 3.32 192.78 + 2.96
BOST 3.47 =0.26 160.43 = 1.16 188.60 = 5.76 207.05 + 3.97
B0S2 342 =042 185.97 = 6.80 232.60 + 8.75 250.84 = 7.40
B0S3 471 £0.42 206.76 + 5.49 254.23 = 10.27 268.61 + 8.85
B1S0 2.80 = 0.18 155.79 + 112 183.96 = 5.20 202.88 + 2.88
B1S1 374 +0.29 174.82 = 9.01 22791 + 6.38 236.60 = 6.32
B1S2 3.28 =040 24117 = 5.25 283.60 + 7.76 296.08 + 8.05
B1S3 2.67 =0.22 206.20 = 7.23 244.85 + 6.26 272.52 + 4.34
B2S0 319018 190.90 = 7.77 215.36 = 7.67 22911 £ 6.75
B2S1 4.85+0.38 106.74 = 13.42 14316 = 13.02 179.61 = 10.36
B2S2 520 = 0.24 148.40 = 11.59 219.65 = 5.26 248.72 = 6.94
B2S3 4.82 = 0.45 205.53 = 10.50 229.21 = 16.57 265.34 = 9.58
B3S0 391 +0.30 105.53 = 3.94 14572 =1.96 165.45 + 1.11
B3S1 2.25+0.09 171.63 = 4.90 20314 = 7.07 239.34 = 12.07
B3S2 2.66 = 0.14 22317 = 7.84 298.95 + 1.51 324.94 = 3.03
B3S3 437 =0.07 195.31 £ 6.77 233.79 + 8.40 250.38 + 8.16
CV (%) 56.09 29.68 26.31 20.78

Values followed by a different letter in the column significantly differed according to the Duncan test at P<0.05. CV - coefficient of variation. Dosage of biogas sludge (SO = untreated; S1 =
157.5; S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = untreated; B1 = isolate N3, B2 = isolate P7, B3 = isolates N3+P7).
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A significant increase in the total fresh weight of upland
rice was observed with the higher dose of biogas sludge of
315 ml/polybag at 16 WA A, with the highest increase of
41.81% compared to the control. Although the effect was
not significant, Bl and the interaction of B3S2 showed
the highest increase in the total fresh weight of upland
rice with 9.66% and 68.55%, respectively, compared to
the control.

The effect of biogas sludge significantly increased the total
dry weight of upland rice at 12 and 16 WA A. Superior bac-
terial isolates and their interactions had an insignificant
effect on the total dry weight of upland rice at 4-16 WAA
(Tab. 4).

A significant increase in the total dry weight of upland
rice was observed with the increase in the dosage of bio-
gas sludge of 630 ml/polybag at 16 WA A, with the highest
increase of 50.55% compared to the control. Although the
effect was not significant, Bl and the interaction of B3S3
showed the highest increase in the total dry weight of up-
land rice with 20.84% and 81.53%, respectively, compared
to the control.

Crop growth rate of upland rice

The effect of superior bacterial isolates, biogas sludge, and
their interactions significantly increased the crop growth
rate of upland rice at 12-16 WA A but did not have a signi-
ficant effect at 4-8 and 8-12 WAA (Tab. 5).

TABLE 4. Effect of superior bacterial isolates, biogas sludge, and their interactions on the total dry weight (shoot + roots) of individual upland rice

plants at 4, 8, 12, and 16 weeks after the application (WAA).

Total dry weight (g) = standard error

Treatments

4 WAA 8 WAA 12 WAA 16 WAA
Superior bacterial isolates (B)
BO 1.38 + 0.06 48.01 = 1.29 73.60 + 3.99 82.52 = 418
B1 113 = 0.05 54.09 = 2.41 76.83 + 2.66 99.72 + 415
B2 1.49 + 0.06 47.30 = 3.30 73.20 = 2.28 98.25 = 3.90
B3 115 = 0.07 52.32 = 3.39 7718 = 4.90 98.47 + 4.56
Biogas sludge (S)
S0 1.26 + 0.06 4551 + 2.63 62.88 =2.19b 76.78 = 1.63 ¢
St 1.23 £ 0.08 44.47 = 1.71 68.52 = 2.00 ab 87.65 = 2.84 b
S2 1.26 = 0.08 55.36 = 3.43 85.69 = 1.08a 98.95 +1.86b
S3 1.40 = 0.06 56.38 = 1.05 83.73 = 3.44a 115.59 = 211a
Interactions (Bx$)
B0OSO 1.58 = 0.08 4173 =278 58.08 = 1.54 67.23 = 0.96
BOS1 112 =0.08 4587 = 0.83 62.74 = 1.83 71.08 = 1.91
B0S2 1.20 = 0.12 52.25 = 2.07 81.39 = 548 88.28 = 5.02
B0S3 1.60 = 0.12 5218 = 0.29 92.20 = 3.05 103.49 = 2.43
B1S0 0.97 = 0.04 46.64 = 1.39 69.53 = 4.90 80.30 = 4.51
B1S1 1.40 + 0.07 4813 = 2.78 78.91 = 0.53 96.23 = 1.50
B1S2 112 = 0.10 67.79 = 1.44 91.05 = 2.25 101.80 = 2.40
B1S3 1.02 = 0.08 53.81 = 3.76 67.84 =1.77 120.54 = 2.15
B2S0 117 = 0.05 59.32 = 2.33 70.92 = 4.20 81.43 + 3.82
B2S1 1.54 £ 010 34.47 = 2.16 61.69 = 1.97 89.84 = 1.41
B2S2 1.73 = 0.05 37.37 £ 3.74 83.10 = 1.19 105.46 = 1.37
B2S3 1.53 = 0.10 58.05 = 1.76 7707 =427 116.28 = 1.30
B3S0 1.30 = 0.07 34.35 = 7.04 52.98 = 0.73 78.16 = 0.48
B3S1 0.85 +0.03 49.40 = 0.08 70.72 = 1.29 93.44 =219
B3S2 0.99 = 0.05 64.05 = 4.68 87.22 =2.90 100.26 = 1.93
B3S3 1.44 + 0.02 61.48 = 2.47 97.80 = 0.77 122.04 = 0.20
CV (%) 43.80 31.22 26.54 18.38

Values followed by a different letter in the column significantly differed according to the Duncan test at P<0.05. CV - coefficient of variation. Dosage of biogas sludge (SO = untreated; S1 =
157.5; S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = untreated; B1 = isolate N3, B2 = isolate P7, B3 = isolates N3+P7).
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TABLE 5. Effect of superior bacterial isolates, biogas sludge, and their interactions on the crop growth rate of the upland rice 4, 8, 12, and 16 weeks

after the application (WAA).

Biogas sludge (S)
Superior bacterial isolates (B) Average
S0 $1 S2 S3
4-8 WAA

BO 1.434 1.598 1.823 1.806 1.665

B1 1.631 1.669 2.381 1.885 1.892

B2 2.077 1176 1.273 2.019 1.636

B3 1.180 1.734 2.252 2144 1.828
Average 1.580 1.544 1.932 1.964 CV = 32.28%

8-12 WAA

BO 0.584 0.602 1.041 1.430 0.914

B1 0.818 1.099 0.831 0.501 0.812

B2 0.414 0.972 1.633 0.679 0.925

B3 0.665 0.761 0.828 1.297 0.888
Average 0.620 0.859 1.083 0.977 CV =56.17%

12-16 WAA

BO 0.327 fgh 0.298 gh 0.246 h 0.403 b-h 0.318b

B1 0.385¢-h 0.619a-h 0.384 d-h 1.882a 0.817a
B2 0.375e-h 1.005a-h 0.798 a-h 1.400 a-h 0.895a
B3 0.899 a-h 0.811a-h 0.466 a-h 0.866 a-h 0.761a
Average 0.496 b 0.683b 0.474 b 1.138a CV =51.07%

Values followed by a different letter in the column significantly differed according to the Duncan test at P<0.05; CV - coefficient of variation. Dosage of biogas sludge (SO = untreated;
S1 =157.5; S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (B0 = untreated; B1 = isolate N3, B2 = isolate P7, B3 = isolates N3+P7).

The biogas sludge dose of 630 ml/polybag (S3) significantly
increased the highest crop growth rate for upland rice
at 12-16 WA A by 129.44% compared to the control. The
isolates B1-B3 significantly increased the crop growth rate
of upland rice with the highest increase for B2 of 181.45%
compared to the controls at 12-16 WAA. The interaction
of B1S3 significantly increased the crop growth rate of
upland rice, showing values 5.76 times greater than those
of the control.

Effect of bacterial isolates and biogas
sludge on upland rice nutrition

Contents of N and P in the upland rice

The effect of biogas sludge, superior bacterial isolates, and
their interactions did not have a significant effect on the
content of N and P in the upland rice (Fig. 2A-C). The
biogas sludge doses of 315 and 630 ml/polybag (S2 and
S3) increased P and N in the plant tissue of upland rice by
33.33% and 4.53%, respectively, compared to the control.
The isolate B2 showed the highest content of N in the plant
tissues of upland rice with values 1.63% higher than those of
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the control. However, all isolates (B1-B3) showed a similar
level of P in the plant tissues of upland rice compared to
the control.

Uptake of N and P in the upland rice

The effect of biogas sludge significantly increased the
uptake of N and P. The superior bacterial isolates signifi-
cantly increased the uptake of nitrogen. The interaction of
biogas sludge with superior bacterial isolates did not show
a significant effect on the uptake of N and P in the upland
rice (Fig. 2D-F).

A significant increase in the uptake of N and P in upland
rice was observed with a higher dose of biogas sludge of
630 ml/polybag, with the highest increases of 54.11% and
65.20%, respectively, compared to the control. The bacte-
rial isolates B1-B3 also significantly increased the uptake
of N in the upland rice with the highest increase with B2 of
20.77% compared to the control. Although the effect was
not significant, B3 showed the highest uptake of P in the
upland rice of 19.93% compared to the control.
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FIGURE 2. Effect of superior bacterial isolates, dosage of biogas sludge, and their interactions on the nutrient content (A-C) and uptake of N and P (D-
F) of upland rice. Values followed by different letters significantly differed according to the Duncan test at P<0.05. Vertical bars indicate the standard
error. Dosage of biogas sludge (SO = untreated; S1 = 157.5; S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = untreated; B1
= isolate N3, B2 = isolate P7, B3 = N3+P7 isolates).
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Discussion

Effect of selected superior bacterial isolates

The selected superior bacterial isolates (N3 and P7) signifi-
cantly increased the uptake of nitrogen and the crop growth
rate of upland rice in an Ultisol at 12-16 WA A but did not
have a significant effect on plant height, total fresh weight,
total dry weight, content of N and P in leaves, uptake of
phosphorus by the plants, and crop growth rate of upland
rice from 4 to 12 WA A. The superior bacterial isolates (N3,
P7,and N3+P7) increased the uptake of nitrogen in upland
rice by 14.64%, 20.77%, and 20.68%, respectively, compared
to the control (Fig. 2). Similar results are also shown in
Table 5, with the crop growth rate of upland rice at 12-16
WAA increased by 2.57, 2.81, and 2.39 times, respectively,
due to the selected superior bacterial isolates (N3, P7,
N3+P7) compared to the control. The results indicate that
a single P7 bacterial isolate increased the nitrogen uptake
and crop growth rate of upland rice compared to a single
N3 isolate and the combination of N3+P7 isolates. This was
due to the presence of several organic acids and hormones
produced by the isolate P7 that can increase the uptake of
nitrogen and crop growth rate of upland rice. This result
is supported by Mustamu et al. (2021a) who found that
the phosphate solubilizing bacterial isolate (P7) from the
biogas sludge contains organic acids, such as lactic, oxalic,
acetic, and citric, and had the highest ability to solubilize
phosphate from calcium triphosphate and rock phosphate
with values 4.62 and 2.66 times higher, respectively, com-
pared to the control. Meena et al. (2016) reported that the
availability of nitrogen and phosphorus in soils slightly
increased with the application of bio fertilization with
Bacillus cereus. This was due to the production of organic
acids and other substances, including citric, tartaric, and
oxalic acids, that can stimulate plant growth and nutrient
availability. Youssef and Eissa (2017) reported that the in-
crease in vegetative growth and total biomass was due to
increased photosynthesis, translocation, and accumulation
of mineral nutrients. Khan et al. (2020) reported that Ba-
cillus cereus strain SA1 can produce the hormones gibbe-
rellin, indole-acetic acid (IA A), and organic acids. Ferrara
et al. (2012) reported that gibberellin and IAA can increase
plant growth under stressful conditions. Kang et al. (2014)
indicated that the plant growth-promoting bacteria (PGPB)
has several mechanisms to increase plant growth with
nitrogen-fixation and phosphate solubilization, increasing
nutrient availability. Suksong et al. (2016) reported that
bacteria of palm oil solid waste from an anaerobic digester
include Ruminococcus sp., Thiomargarita sp., Clostridium
sp. Anaerobacter sp., Bacillus sp., Sporobacterium sp., Sac-
charofermentans sp., Oscillibacter sp., Sporobacter sp., and

|458

Enterobacter sp. Liaquat et al. (2017) also reported abun-
dance of Bacillus, Clostridium, and Enterobacter spp. in an
anaerobic digester of wastewater when producing biogas.

Effect of biogas sludge

The dose of biogas sludge significantly increased the plant
height, total fresh weight (8, 12, and 16 WAA), total dry
weight (12 and 16 WA A), uptake (N and P), and crop growth
rate of upland rice at 8-12 WA A. However, it did not have
a significant effect on the content (N and P) in leaf tissue,
and crop growth rate of upland rice (4-8 and 8-12 WAA).
Anincrease in plant height, total dry weight, uptake of ni-
trogen and phosphorus, and also crop growth rate of upland
rice in an Ultisol with a higher dose of biogas sludge of 630
ml/polybag was seen at the end of this study (16 WAA). In
contrast, the total fresh weight increased along with the
higher dose of biogas sludge of 315 ml/polybag and then
decreased at the dose of 630 ml/polybag. This result is due
to the chemical characteristics of the biogas sludge such as
pH (7.41), total N (0.051%), available P (0.013%), organic C
(0.14%), total K (0.18%), and the biological characteristics
such as total nitrogen-fixing bacteria (29.4x10° CFU ml™")
and total phosphate solubilizing bacteria (7.0x10* CFU ml™)
(Tab. 2). The organic C content and the total population of
nitrogen-fixing and phosphate solubilizing bacteria from
the biogas sludge could increase the uptake of nitrogen
and phosphorus in upland rice with an increasing dose of
biogas sludge of 630 ml/polybag (Fig. 2). Therefore, the nu-
trients absorbed are used for plant metabolic processes and
stimulate the plant height, biomass, and crop growth rate
of the upland rice. A similar result was reported by Mus-
tamu and Triyanto (2020), who determined the macro and
micronutrients from the biogas sludge and the population
of nitrogen-fixing and phosphate solubilizing bacteria of
480x10*and 42x10* CFU ml", respectively. Ndubuisi-Nnaji
et al. (2020) reported that the total phosphate solubilizing
bacteria (1.6 to 2.5 CFU ml") was significantly higher than
nitrogen-fixing bacteria (0.5-1.4 CFU ml"), showing a
significant increase in nutrient concentration in the order
of N>K>P>Ca>Mg>S in all anaerobic digester bioreactors.
Moller and Miiller (2012) reported an increase in concen-
trations of NH,*-N from 45% to 80% in the anaerobic waste.

Interaction of selected superior bacterial

isolates and biogas sludge

The interaction of biogas sludge and superior bacterial
isolates only significantly increased the crop growth rate
of upland rice in Ultisols at 12-16 WA A but did not have
a significant effect on the other parameters in this study.
The interaction of Bl with biogas sludge at the dose of 630
ml/polybag (B1S3) showed the highest crop growth rate of
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upland rice compared to other interactions and was 5.76
times greater compared to the control. This was caused by
the application of biogas sludge that could have increased
soil organic matter and the total population of beneficial
bacteria. Likewise, the biogas sludge contained organic C
(0.14%), total nitrogen-fixing bacteria (29.4x10° CFU ml
", and total phosphate solubilizing bacteria (7.0x10* CFU
ml") (Tab. 2) that could improve soil quality and increase
the CGR. This result is supported by Urra et al. (2019) who
found that the application of sewage sludge in the long term
significantly increases the organic matter contents in the
soil, causing a decrease in soil pH due to the nitrification of
ammonium in sewage sludge and the production of organic
acids along with the decomposition of the organic matter.
Bhardwaj et al. (2014) and Carvajal-Muiloz and Carmona-
Garcia (2012) showed that the application of a biofertilizer
had advantages for the plants such as availability of nutri-
ents balanced for plant health. It also stimulates nutrient
mobilization that can increase soil biological activity and
nutrient availability for microorganisms to encourage the
growth of beneficial microorganisms, increasing the soil
organic matter content and, therefore, the cation exchange
capacity. Siswanti and Lestari (2019) indicated that the in-
teraction of biogas sludge + biofertilizer (36 ml + 10 L ha™)
significantly increased the plant height, number of leaves,
and capsaicin content in chili pepper compared to a single
treatment of biogas sludge and biofertilizer.

Conclusions

The isolates N3, P7, N3+P7 from the biogas sludge signifi-
cantly increased the uptake of nitrogen (20.77%) and crop
growth rate (2.81 times higher than the control) of upland
rice in Ultisols with the highest increase found with the P7
isolate. The dose of biogas sludge significantly increased
plant height (14.81%), total dry weight (50.55%), uptake of
nitrogen (54.11%) and phosphorus (65.20%), and also crop
growth rate (129.44%) of upland rice in Ultisols with the
highest increase at a dose of 630 ml/polybag. Likewise, the
dose of biogas sludge significantly increased the total fresh
weight of upland rice by 41.81% with the highest increase at
the dose of 315 ml/polybag. The interaction of isolates N3,
P7,N3+P7 with the dose of biogas sludge only significantly
increased the crop growth rate of upland rice in Ultisols
5.76 times with the highest increase found with B1S3.
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Effect of selected bacteria from biogas sludge on
the growth and nutrition of upland rice

Efecto de las bacterias seleccionadas de los lodos de biogas en
el crecimiento y la nutricion del arroz de tierras altas

Novilda Elizabeth Mustamu’, Zulkifli Nasution?", Irvan®, and Mariani Sembiring?

ABSTRACT

This study evaluated the influence of selected superior bacterial
isolates (SBI), biogas sludge, and their interactions on growth
and nutrient uptake of upland rice grown in Ultisols. We used
a randomized block design with two factors and seven repli-
cates from October 2020 to April 2021. The first factor used
selected SBI (BO = untreated, Bl = nitrogen-fixing bacteria
isolate (N3), B2 = phosphate solubilizing bacteria isolate (P7),
B3 = isolate combination (N3+P7)). The second factor was
the dosage of biogas sludge (SO = untreated, S1 = 157.5; S2 =
315; S3 = 630 ml/polybag). The parameters were determined
by ANOVA and followed by Duncan’s multiple range test at
P<0.05. The results showed that the isolate P7 significantly
increased the N uptake by 20.77% and crop growth rate (CGR)
of upland rice 2.81 times. Biogas sludge doses from 315 to 630
ml/polybag significantly increased plant height, uptake of N
and P, total fresh and dry weight, and CGR of upland rice. The
interaction between N3 and biogas sludge dosage of 630 ml/
polybag significantly increased the CGR of upland rice. The
application of isolates N3 and P7 and their combination with
biogas sludge of 630 ml/polybag has the potential to increase
the CGR of upland rice in acidic soils.

Key words: acidic soil, crop growth rate, dosage, sludge
potential.

El presente estudio evalud la influencia de aislamientos bac-
terianos superiores seleccionados (ABS), lodos de biogas y sus
interacciones sobre el crecimiento y la absorcién de nutrientes
del arroz de tierras altas cultivado en ultisoles. Se utilizé un
disefio de bloques al azar con dos factores y siete repeticiones
desde octubre de 2020 hasta abril de 2021. El primer factor uti-
lizado seleccioné ABS (B0 = sin tratamiento, Bl = aislamiento
de bacterias fijadoras de nitrégeno (N3), B2 = aislamiento de
bacterias solubilizadoras de fosfato (P7), B3 = combinacion de
aislamientos (N3+P7)). El segundo factor fue la dosificacion
del lodo de biogas (SO = sin tratamiento, S1 = 157.5; S2 = 315;
S3 = 630 ml/polybag). Los parametros fueron determinados
por analisis de varianza y seguidos de la prueba de rangos
multiples de Duncan a P<0.05. Los resultados mostraron que
el aislamiento P7 aumentd significativamente la absorcion de
N en un 20.77% y la tasa de crecimiento del cultivo (TCC) de
arroz de tierras altas 2.81 veces. Las dosis de lodos de biogas de
315 a 630 ml/polybag aumentaron significativamente la altura
de la planta, la absorcion de N y P, el peso fresco y seco total
y el TCC de arroz de tierras altas. La interaccion de N3 con la
dosis de lodos de biogas de 630 ml/polybag aument6 significa-
tivamente la TCC del arroz de tierras altas. La aplicacion de los
aislamientos N3 y P7 y su combinacién con lodos de biogas de
630 ml/polybag tiene el potencial de aumentar la TCC de arroz
de tierras altas en suelos acidos.

Palabras clave: suelo 4cido, tasa de crecimiento de cultivos,
dosis, potencial de lodo.

Introduction

Biogas sludge is the waste by-product from an anaerobic
processing system (FAO, 1977) and has a high nutrient
content that can be used as organic fertilizer to increase soil
fertility and plant yield (Adela et al., 2014). The following
characteristics of the biogas sludge from palm oil waste have
been reported: total N of 490 mg L™, total P of 110 mg L™,
total K of 1.9 mg L' (Lubis et al., 2014), C/N 8; 0.14% N,

Received for publication: May 24, 2021. Accepted for publication: December 20, 2021.

1.12% C (Tepsour et al., 2019), and N-NH; 0f 91-112 mg L
(Choorit & Wisarnwan, 2007). The pH may range from 6.8
to 8.3, with the highest bacterial population of 7.21x10 cells
ml"! and the lowest of 3.15x10” cells ml"! (Alvionita et al.,
2019). Additionally, Mustamu and Triyanto (2020) reported
that the biogas sludge has nitrogen-fixing and phosphate
solubilizing bacteria that have the potential to increase the
availability of nitrogen and phosphate in soils.
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The diversity of beneficial bacteria such as nitrogen-fixing
and phosphate solubilizing bacteria has a greater potential
to increase soil fertility and plant growth. Zhang et al.
(2013) reported that phosphate solubilizing bacteria play
an importantrole in increasing soil fertility and plant yield,
and reducing the use of chemical fertilizers. Sharma et al.
(2013) described different Bacillus species, such as B. circu-
lans, B. cereus, B. fusiformis, B. pumilus, B. megaterium, B.
mycoides, B. coagulans, B. chitinolyticus, and B. subtilis as
phosphate solubilizing microorganisms. Ambrosini et al.
(2016) showed the highest nitrogenase activity in Bacillus
cereus among 42 different strains of Bacillus spp. Lim et
al. (2018) also reported the dominant bacteria found in the
biogas sludge from anaerobic processing using the pyrose-
quencing and clone library methods, i.e., Proteobacteria,
Firmicutes, Bacteroidetes, and Thermotogae.

The application of bacteria from biogas sludge has never
been reported in Indonesia for improving upland rice
growth on acidic soils, including Ultisols. According
to the Pusat Penelitian Tanah dan Agroklimat (Center
for Soil and Agro-climate Research) (2000), the area in
Indonesia covered by Ultisols is 45.8 million ha or 24%
of the total area of the country. Furthermore, according
to the Ministry of Agriculture, the area dedicated to rice
cultivation in Indonesia is 15,712,025 ha with a yield
of 81,148,617 t in 2017, and the contribution of upland
rice yield is 4.66% (Kementerian Pertanian, 2017). The
yield contribution of upland rice is classified as low and,
therefore, it is necessary to find options to increase it.
Therefore, it is necessary to test the potential of beneficial
bacterial isolates from biogas sludge to increase the avail-
ability of nitrogen and phosphate and, thus, the growth
response of upland rice in Ultisols. This study aimed to
evaluate the influence of selected superior bacterial iso-
lates, biogas sludge, and their interaction on the mineral
nutrition of the upland rice grown in Ultisols.

Materials and methods

Study area

The concentration of total N and available P in Ultisols
and in the plant tissue (N and P uptake) were analyzed in
the Analytical Laboratory of Socfin Indonesia Inc., Medan
(Indonesia). The bacterial isolates were applied to upland
rice in the village of Padang Bulan (3°37.760’ N, 98°38.898’
E, and altitude of 18 m a.s.l.), Medan Selayang Subdistrict,
Medan City, Indonesia, from October 2020 to April 2021.
The average temperature was 27.4°C, the average air hu-
midity was 82%, and the average rainfall was 228.5 mm
per month.
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Preparation of medium and upland rice seeds

The medium to grow upland rice plants was the Ultisol soil
from the Simalingkar area, Medan Tuntungan Subdistrict,
Medan City, collected at a depth of 0 to 20 cm. One hun-
dred g of soil sample were taken and analyzed for chemical
characteristics of pH H,O, organic C by Walkley-Black,
available P by Bray-II, total N using the Kjeldahl method,
and cation exchange capacity (CEC) and base saturation
(K, Ca, Na, Mg) by ammonium acetate pH7 method (Tab.
1). The soil was sterilized by drying at 100°C for 2 h. To
prevent heat from the sterilization process, the soil was
incubated for 1 d and then placed into a 10 kg polybag (18
cm x 18 cm). A basic NPK fertilizer (16-16-16) by Meroke
Tetap Jaya Inc. (Medan, Indonesia) at a dose of 1.5 g/poly-
bag was applied by stirring evenly with the soil. The seeds of
upland rice (Oryza sativa L.) of the inbred variety Inpago-8
from the Indonesian Agency for Agricultural Research
and Development were soaked in water for 24 h, followed
by the application of the fungicide Propineb (70%) for 2 h.
Upland rice was planted after 1 d of basic fertilization with
two seeds per polybag at a depth of 2 cm.

TABLE 1. Chemical characteristics of the Ultisol soil samples after ste-
rilization at 100°C.

Chemical

characteristics Method Value Category
Soil pH (H,0) Electrometry 4.80 Acid
Organic C (%) Walkley-Black 0.44 Very low
Total N (%) Kjeldahl 0.04 Very low
Available P (mg kg™) Spectrophotometry 870.25  Veryhigh
CEC (meq 100 g™ Ammonium acetate pH 7 28.31 High
Base saturation (%) Ammonium acetate pH 7 4.85 Very low
Exchangeable cations
K (meq 100 g™) Ammonium acetate pH 7 0.60 High
Ca(meq 100 g™ Ammonium acetate pH 7 0.34 Very low
Mg (meq 100 g™ Ammonium acetate pH 7 0.32 Very low
Na (meq 100 g) Ammonium acetate pH 7 0.09 Very low
Al (%) Ammonium acetate pH 7 0.02 Very low

Criteria for pH (H,0) = 4.5-5.5 (acid); organic C <1% (very low); total N <0.1% (very low);
available P >60 mg kg (very high); cation exchange capacity (CEC) = 25-40 meq 100 g
(high); base saturation <20% (very low); exchangeable K = 0.60-1.00 meq 100 g (high);
exchangeable Ca <2 meq 100 g™ (very low); exchangeable Mg <0.4 meq 100 g™ (very low);
exchangeable Na <0.1 meq 100 g™ (very low); exchangeable Al <5% (very low) (Balai Penelitian
Tanah (Indonesia Soil Research Institute), 2009).

Preparation of superior bacterial isolates

suspension and biogas sludge

One ml of the bacterial isolate suspension obtained from
the characteristic stage was put into a test tube containing 9
ml of distilled water, homogenized and then diluted to 10~.
A total of 0.1 ml of the suspension from the last dilution was
spread over James nitrogen free malat bromothymol blue
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(JNFB) medium (Kirchhof et al., 1997) for the nitrogen-
fixing bacterial isolates test and Pikovskaya (PVK) medium
(Pikovskaya, 1948) for the phosphate solubilizing bacteria
isolates. The culture medium was incubated for 2 to 3 d at
37°C. the nitrogen-fixing bacterial isolate test was charac-
terized by the presence of colonies growing on the JNFB
medium. The growth of phosphate solubilizing bacterial
isolates was indicated by a halo zone around the microbial
colonies on the PVK medium. Seven nitrogen-fixing and
seven phosphate-solubilizing isolates were found to pro-
duce total N and available P. The isolates that showed the
highest phosphate and nitrogen increasing abilities were
selected, namely phosphate solubilizing bacteria (P7) and
nitrogen-fixing bacteria (N3), which were confirmed by
Mustamu et al. (2021a; 2021b).

The biogas sludge was collected from Nubika Jaya Inc.,
Pinang City, Labuhanbatu District, North Sumatra Prov-
ince, Indonesia. The procedure for processing biogas sludge
was the following: the palm oil mill removed the palm oil
mill effluent (POME) waste from the second pond which
has been mixed with oil and then separated at an optimal
temperature of 35°C. Liquid waste was then pumped into
the receiver tank of 10 m’ volume and filtered on a fiber
tank screen to separate solid waste such as fiber and other
materials. Liquid waste from the receiver tank was further
pumped into the tower tank. Then, it was distributed evenly
to the fixed tank at a temperature of 35 to 37°C and a flow
rate of 20 to 30 m’/h. Finally, the biogas sludge was taken
from the fixed tank. Bacterial isolates and biogas sludge
were applied to the soil surface at the base of the plants at

TABLE 2. Chemical and biological characteristics of the biogas sludge.

one week after planting. Biogas sludge samples of 500 ml
volume were used to analyze the chemical and biological
characteristics (Tab. 2).

Treatment application

This study used a randomized block design with two fac-
tors and seven replicates. The first factor was the type of
superior bacterial isolates (BO = untreated; Bl = nitrogen-
fixing bacterial isolate (N3); B2 = phosphate solubilizing
bacteria isolate (P7); B3 = combination of isolates N3+P7)
atasimilar dose, namely 10 ml/polybag. The second factor
was the dosage of biogas sludge (SO = untreated; S1 = 157.5;
S§2 = 315; S3 = 630 ml/polybag). Determination of biogas
sludge based on the dose of liquid organic fertilizer at the
oil palm was 126 m’ ha” equal to 126,000 L ha (Sutarta et
al., 2000), then converted to soil weight per polybag (Eq.
1). Each replicate was harvested at 4, 8, and 12 weeks after
application (WAA) for determination of the crop growth
rate (CGR).

) Dose of liquid o
Bllo(glgas = organic fertilizer ha™ soil W‘fliht 1)
sludge er polyba
8 Soil weight ha™ PErpPOybag
126,000 L ha

2,000,000 kg ha' x 10 kg =630 ml

Plant growth variables and data analysis

The growth variables were assessed by measuring the
growth of upland rice (plant height, and total fresh and
dry weights), contents and uptake of N and P in the aerial

Characteristics Method Value
pH Electrometry 7.41
Chemical oxygen demand (mg L") Spectrophotometry 4547.8
Biological oxygen demand (mg L) Titrimetry 1127.5
Total N (%) Kijeldahl 0.051
Total P (%) Spectrophotometry 0.0097
Available P (%) Spectrophotometry 0.013
Total K (%) Graphite furnace - atomic absorption spectrophotometry (AAS) 018
Organic C (%) Walkley-Black 0.14
Ca (%) Graphite furnace-AAS 0.04
Mg (%) Graphite furnace-AAS 0.04
Na (mg L) Graphite furnace-AAS 44.41
Cu (%) AAS 0.0001
Total nitrogen-fixing bacteria (CFU ml™) Plate count 29.4x10°
Total phosphate solubilizing bacteria (CFU ml™) Plate count 7.0x10*

Laboratory analysis based on the Balai Penelitian Tanah (Indonesia Soil Research Institute) (2009).

Mustamu, Nasution, Irvan, and Sembiring: Effect of selected bacteria from biogas sludge on the growth and nutrition of upland rice
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parts, and crop growth rate (CGR). The plant height was
measured from the root apex to the tip of leaves using a
measuring tape, and the total fresh weight was obtained
by weighing the roots and shoots. The total dry weight
(roots + shoots) was obtained after plant drying in an oven
(VS-1202D3, Vision Scientific Co., Korea) at 60°C for 48 h
and weighed using analytical scales. A 200 g sample of the
second leaf from the shoots was collected and analyzed to
determine the N content using the Kjeldahl method, and
the P content was recorded using the destruction method
through dry ashing (Bertramson, 1942). The N and P
uptake were measured using Equation 2. The CGR was
calculated as the dry weight related to the unit area at 4-8,
8-12, and 12-16 WA A using Equation 3 (Shon et al., 1997):

Nutrient nutrient content total dry

. . 2
uptake in the shoots weight @
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where:

CGR = crop growth rate;

W1 = dry weight per unit area at t1;

W2 = dry weight per unit area at t2;

t, = first sampling;

t, = second sampling.

The parameters of the second phase of the study were
analyzed by an ANOVA. If the treatment had a significant

effect, the Duncan’s multiple range test was applied at
P<0.05 using SPSS v.20 software (IBM, 2011).
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FIGURE 1. A) Effect of superior bacterial isolates, B) dosage of biogas sludge, and C) their interactions on plant height of upland rice at 4, 8, 12, and
16 weeks after application (WAA). Values followed by a different letter in the graph significantly differed according to the Duncan test at P<0.05.
Vertical bars indicate the standard error. Dosage of biogas sludge (SO = untreated; S1 = 157.5; S2 = 315; S3 = 630 ml/polybag). Superior bac-

terial isolates (BO = untreated; B1
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= isolate N3, B2 = isolate P7; B3 = isolates N3+P7).
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Results

Effect of bacterial isolates and biogas
sludge on upland rice growth

Plant height of upland rice

The effect of biogas sludge application was significant
on the plant height of upland rice at 8, 12, and 16 WAA.
Superior bacterial isolates and their interactions did not
have a significant effect on the plant height of upland
rice at 4, 8, 12, and 16 WAA (Fig. 1A-C). A significant
increase in plant height of upland rice was observed with
higher doses of biogas sludge of 630 ml/polybag at 8, 12,

and 16 WA A, with the highest increase of 14.81% com-
pared to the control at 16 WA A. Although the effect was
not significant, the combination of isolates B3 and the
interaction of B2S3 showed the highest increase in plant
height of upland rice by 2.94% and 22.06%, respectively,
compared to the control.

Biomass of upland rice
The effect of biogas sludge significantly increased the total
fresh weight of upland rice at 8, 12, and 16 WA A. Superior
bacterial isolates and their interactions did not have a
significant effect on the total fresh weight of upland rice
at 4-16 WAA (Tab. 3).

TABLE 3. Effect of superior bacterial isolates, biogas sludge, and their interactions on the total fresh weight (shoot + roots) of individual upland rice

plants at 4, 8, 12, and 16 weeks after the application (WAA).

Treatments Total fresh weight (g) * standard error

4 WAA 8 WAA 12 WAA 16 WAA
Superior bacterial isolates (B)
BO 415+ 0.21 169.31 = 8.90 215.27 = 8.42 229.82 + 8.94
B1 312012 194.50 + 9.35 235.08 = 10.32 252.02 +10.22
B2 452 +0.23 162.89 = 11.15 201.85 = 9.89 230.70 = 9.28
B3 3.30+0.25 173.91 = 12.55 220.40 = 15.96 245.03 + 16.32
Biogas sludge (S)
S0 372024 144.07 £ 9.37b 182.67 = 714 b 197.56 = 6.58 b
S 3.58 = 0.27 153.41 =793b 190.70 = 8.90 b 215.65 = 7.03b
S2 3.64 =0.27 199.68 = 10.30a 258.70 = 9.63a 28015+ 9.25a
S3 415+ 0.25 203.45+1.36a 240.52 = 2.81a 26421 = 2.42a
Interactions (BxS$)
B0SO 499 +0.33 124.08 + 5.60 185.64 + 3.32 192.78 + 2.96
BOS1 3.47 = 0.26 160.43 = 1.16 188.60 = 5.76 207.05 = 3.97
B0S2 3.42 =042 185.97 = 6.80 232.60 + 8.75 250.84 = 7.40
B0S3 471 =042 206.76 + 5.49 254.23 = 10.27 268.61 + 8.85
B1S0 2.80 =018 155.79 = 1.12 183.96 = 5.20 202.88 + 2.88
B1S1 3.74 +0.29 174.82 = 9.01 22791 £ 6.38 236.60 + 6.32
B1S2 3.28 =040 24117 = 5.25 283.60 = 7.76 296.08 + 8.05
B1S3 2.67 £0.22 206.20 = 7.23 244.85 + 6.26 272.52 + 4.34
B2S0 319018 190.90 = 7.77 215.36 = 7.67 22911 £ 6.75
B2S1 4.85 +0.38 106.74 + 13.42 14316 + 13.02 179.61 + 10.36
B2S2 520+ 0.24 148.40 = 11.59 219.65 = 5.26 248.72 = 6.94
B2S3 4.82 = 0.45 205.53 = 10.50 229.21 = 16.57 265.34 = 9.58
B3S0 391 +0.30 105.53 + 3.94 14572 =1.96 165.45 + 1.11
B3S1 2.25+0.09 171.63 = 4.90 203.14 = 7.07 239.34 + 12.07
B3S2 2.66 = 0.14 22317 = 7.84 298.95 + 1.51 324.94 + 3.03
B3S3 4.37 = 0.07 195.31 £ 6.77 233.79 = 8.40 250.38 + 8.16
CV (%) 56.09 29.68 26.31 20.78

Values followed by a different letter in the column significantly differed according to the Duncan test at P<0.05. CV - coefficient of variation. Dosage of biogas sludge (SO = untreated; S1 =
157.5; S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = untreated; B1 = isolate N3, B2 = isolate P7, B3 = isolates N3+P7).

Mustamu, Nasution, Irvan, and Sembiring: Effect of selected bacteria from biogas sludge on the growth and nutrition of upland rice 385



A significant increase in the total fresh weight of upland
rice was observed with the higher dose of biogas sludge of
315 ml/polybag at 16 WA A, with the highest increase of
41.81% compared to the control. Although the effect was
not significant, Bl and the interaction of B3S2 showed
the highest increase in the total fresh weight of upland
rice with 9.66% and 68.55%, respectively, compared to
the control.

The effect of biogas sludge significantly increased the total
dry weight of upland rice at 12 and 16 WA A. Superior bac-
terial isolates and their interactions had an insignificant
effect on the total dry weight of upland rice at 4-16 WAA
(Tab. 4).

A significant increase in the total dry weight of upland
rice was observed with the increase in the dosage of bio-
gas sludge of 630 ml/polybag at 16 WAA, with the highest
increase of 50.55% compared to the control. Although the
effect was not significant, Bl and the interaction of B3S3
showed the highest increase in the total dry weight of up-
land rice with 20.84% and 81.53%, respectively, compared
to the control.

Crop growth rate of upland rice

The effect of superior bacterial isolates, biogas sludge, and
their interactions significantly increased the crop growth
rate of upland rice at 12-16 WA A but did not have a signi-
ficant effect at 4-8 and 8-12 WAA (Tab. 5).

TABLE 4. Effect of superior bacterial isolates, biogas sludge, and their interactions on the total dry weight (shoot + roots) of individual upland rice

plants at 4, 8, 12, and 16 weeks after the application (WAA).

Total dry weight (g) = standard error

Treatments

4 WAA 8 WAA 12 WAA 16 WAA
Superior bacterial isolates (B)
BO 1.38 = 0.06 48.01 =1.29 73.60 = 3.99 82.52 = 418
B1 113 = 0.05 54.09 = 2.41 76.83 = 2.66 99.72 + 415
B2 1.49 + 0.06 47.30 = 3.30 73.20 = 2.28 98.25 = 3.90
B3 115 = 0.07 52.32 = 3.39 7718 = 4.90 98.47 = 4.56
Biogas sludge (S)
S0 1.26 = 0.06 4551 = 2.63 62.88 = 2.19b 76.78 = 1.63 ¢
S 1.23 =0.08 44.47 = 1.71 68.52 = 2.00 ab 87.65 = 2.84 b
S2 1.26 = 0.08 55.36 = 3.43 85.69 = 1.08a 98.95 + 1.86 b
S3 1.40 = 0.06 56.38 = 1.05 83.73 = 3.44a 115.59 = 2114
Interactions (BxS$)
B0SO 1.58 = 0.08 4173 £ 2.78 58.08 = 1.54 67.23 = 0.96
BOS1 112 = 0.08 45.87 = 0.83 62.74 = 1.83 71.08 = 1.91
B0S2 120 =012 52.25 = 2.07 81.39 = 5.48 88.28 = 5.02
B0S3 1.60 = 0.12 5218 = 0.29 92.20 = 3.05 103.49 + 2.43
B1S0 0.97 = 0.04 46.64 = 1.39 69.53 = 4.90 80.30 = 4.51
B1S1 1.40 = 0.07 4813 = 2.78 78.91 = 0.53 96.23 = 1.50
B1S2 112 =010 67.79 = 1.44 91.05 = 2.25 101.80 = 2.40
B1S3 1.02 = 0.08 53.81 = 3.76 67.84 = 1.77 120.54 = 2.15
B2S0 117 = 0.05 59.32 + 2.33 70.92 = 4.20 81.43 = 3.82
B2S1 1.54 = 0.10 34.47 £ 216 61.69 = 1.97 89.84 = 1.41
B2S2 1.73 = 0.05 37.37 £ 3.74 83.10 = 119 105.46 = 1.37
B2S3 1.53 = 0.10 58.05 = 1.76 77.07 = 4.27 116.28 = 1.30
B3SO0 1.30 = 0.07 34.35 = 7.04 52.98 = 0.73 7816 = 0.48
B3S1 0.85+0.03 49.40 = 0.08 70.72 = 1.29 93.44 =219
B3S2 0.99 = 0.05 64.05 = 4.68 87.22 =290 100.26 = 1.93
B3S3 1.44 +0.02 61.48 = 2.47 97.80 = 0.77 122.04 = 0.20
CV (%) 43.80 31.22 26.54 18.38

Values followed by a different letter in the column significantly differed according to the Duncan test at P<0.05. CV - coefficient of variation. Dosage of biogas sludge (SO = untreated; S1 =

157.5; S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = untreated; B1 = isolate N3, B2 = isolate P7, B3 = isolates N3+P7).
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TABLE 5. Effect of superior bacterial isolates, biogas sludge, and their interactions on the crop growth rate of the upland rice 4, 8, 12, and 16 weeks

after the application (WAA).

Biogas sludge (S)
Superior bacterial isolates (B) Average
S0 S1 S2 S3
4-8 WAA

BO 1.434 1.598 1.823 1.806 1.665

B1 1.631 1.669 2.381 1.885 1.892

B2 2.077 1.176 1.273 2.019 1.636

B3 1.180 1.734 2.252 2144 1.828
Average 1.580 1.544 1.932 1.964 CV = 32.28%

8-12 WAA

BO 0.584 0.602 1.041 1.430 0.914

B1 0.818 1.099 0.831 0.501 0.812

B2 0.414 0.972 1.633 0.679 0.925

B3 0.665 0.761 0.828 1.297 0.888
Average 0.620 0.859 1.083 0.977 CV =56.17%

12-16 WAA

BO 0.327 fgh 0.298 gh 0.246 h 0.403 b-h 0.318Db

B1 0.385 ¢c-h 0.619a-h 0.384 d-h 1.882a 0.817a
B2 0.375¢€-h 1.005 a-h 0.798 a-h 1.400 a-h 0.895a
B3 0.899 a-h 0.811a-h 0.466 a-h 0.866 a-h 0.761a
Average 0.496 b 0.683b 0.474b 11384 CV = 51.07%

Values followed by a different letter in the column significantly differed according to the Duncan test at P<0.05; CV - coefficient of variation. Dosage of biogas sludge (SO = untreated;
S1 =157.5; S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (BO = untreated; B1 = isolate N3, B2 = isolate P7, B3 = isolates N3+P7).

The biogas sludge dose of 630 ml/polybag (S3) significantly
increased the highest crop growth rate for upland rice
at 12-16 WAA by 129.44% compared to the control. The
isolates B1-B3 significantly increased the crop growth rate
of upland rice with the highest increase for B2 of 181.45%
compared to the controls at 12-16 WAA. The interaction
of B1S3 significantly increased the crop growth rate of
upland rice, showing values 5.76 times greater than those
of the control.

Effect of bacterial isolates and biogas
sludge on upland rice nutrition

Contents of N and P in the upland rice

The effect of biogas sludge, superior bacterial isolates, and
their interactions did not have a significant effect on the
content of N and P in the upland rice (Fig. 2A-C). The
biogas sludge doses of 315 and 630 ml/polybag (S2 and
S3) increased P and N in the plant tissue of upland rice by
33.33% and 4.53%, respectively, compared to the control.
The isolate B2 showed the highest content of N in the plant
tissues of upland rice with values 1.63% higher than those of
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the control. However, all isolates (B1-B3) showed a similar
level of P in the plant tissues of upland rice compared to
the control.

Uptake of N and P in the upland rice

The effect of biogas sludge significantly increased the
uptake of N and P. The superior bacterial isolates signifi-
cantly increased the uptake of nitrogen. The interaction of
biogas sludge with superior bacterial isolates did not show
a significant effect on the uptake of N and P in the upland
rice (Fig. 2D-F).

A significant increase in the uptake of N and P in upland
rice was observed with a higher dose of biogas sludge of
630 ml/polybag, with the highest increases of 54.11% and
65.20%, respectively, compared to the control. The bacte-
rial isolates B1-B3 also significantly increased the uptake
of N in the upland rice with the highest increase with B2 of
20.77% compared to the control. Although the effect was
not significant, B3 showed the highest uptake of P in the
upland rice of 19.93% compared to the control.
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FIGURE 2. Effect of superior bacterial isolates, dosage of biogas sludge, and their interactions on the nutrient content (A-C) and uptake of N and P (D-
F) of upland rice. Values followed by different letters significantly differed according to the Duncan test at P<0.05. Vertical bars indicate the standard
error. Dosage of biogas sludge (SO = untreated; S1 = 157.5; S2 = 315; S3 = 630 ml/polybag). Superior bacterial isolates (B0 = untreated; B1
= isolate N3, B2 = isolate P7, B3 = N3+P7 isolates).
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Discussion

Effect of selected superior bacterial isolates

The selected superior bacterial isolates (N3 and P7) signifi-
cantly increased the uptake of nitrogen and the crop growth
rate of upland rice in an Ultisol at 12-16 WA A but did not
have a significant effect on plant height, total fresh weight,
total dry weight, content of N and P in leaves, uptake of
phosphorus by the plants, and crop growth rate of upland
rice from 4 to 12 WA A. The superior bacterial isolates (N3,
P7,and N3+P7) increased the uptake of nitrogen in upland
rice by 14.64%, 20.77%, and 20.68%, respectively, compared
to the control (Fig. 2). Similar results are also shown in
Table 5, with the crop growth rate of upland rice at 12-16
WAA increased by 2.57, 2.81, and 2.39 times, respectively,
due to the selected superior bacterial isolates (N3, P7,
N3+P7) compared to the control. The results indicate that
a single P7 bacterial isolate increased the nitrogen uptake
and crop growth rate of upland rice compared to a single
N3 isolate and the combination of N3+P7 isolates. This was
due to the presence of several organic acids and hormones
produced by the isolate P7 that can increase the uptake of
nitrogen and crop growth rate of upland rice. This result
is supported by Mustamu et al. (2021a) who found that
the phosphate solubilizing bacterial isolate (P7) from the
biogas sludge contains organic acids, such as lactic, oxalic,
acetic, and citric, and had the highest ability to solubilize
phosphate from calcium triphosphate and rock phosphate
with values 4.62 and 2.66 times higher, respectively, com-
pared to the control. Meena et al. (2016) reported that the
availability of nitrogen and phosphorus in soils slightly
increased with the application of bio fertilization with
Bacillus cereus. This was due to the production of organic
acids and other substances, including citric, tartaric, and
oxalic acids, that can stimulate plant growth and nutrient
availability. Youssef and Eissa (2017) reported that the in-
crease in vegetative growth and total biomass was due to
increased photosynthesis, translocation, and accumulation
of mineral nutrients. Khan et al. (2020) reported that Ba-
cillus cereus strain SA1 can produce the hormones gibbe-
rellin, indole-acetic acid (IAA), and organic acids. Ferrara
et al. (2012) reported that gibberellin and TAA can increase
plant growth under stressful conditions. Kang et al. (2014)
indicated that the plant growth-promoting bacteria (PGPB)
has several mechanisms to increase plant growth with
nitrogen-fixation and phosphate solubilization, increasing
nutrient availability. Suksong et al. (2016) reported that
bacteria of palm oil solid waste from an anaerobic digester
include Ruminococcus sp., Thiomargarita sp., Clostridium
sp. Anaerobacter sp., Bacillus sp., Sporobacterium sp., Sac-
charofermentans sp., Oscillibacter sp., Sporobacter sp., and

Enterobacter sp. Liaquat et al. (2017) also reported abun-
dance of Bacillus, Clostridium, and Enterobacter spp. in an
anaerobic digester of wastewater when producing biogas.

Effect of biogas sludge

The dose of biogas sludge significantly increased the plant
height, total fresh weight (8, 12, and 16 WAA), total dry
weight (12 and 16 WA A), uptake (N and P), and crop growth
rate of upland rice at 8-12 WA A. However, it did not have
a significant effect on the content (N and P) in leaf tissue,
and crop growth rate of upland rice (4-8 and 8-12 WAA).
An increase in plant height, total dry weight, uptake of ni-
trogen and phosphorus, and also crop growth rate of upland
rice in an Ultisol with a higher dose of biogas sludge of 630
ml/polybag was seen at the end of this study (16 WAA). In
contrast, the total fresh weight increased along with the
higher dose of biogas sludge of 315 ml/polybag and then
decreased at the dose of 630 ml/polybag. This result is due
to the chemical characteristics of the biogas sludge such as
pH (7.41), total N (0.051%), available P (0.013%), organic C
(0.14%), total K (0.18%), and the biological characteristics
such as total nitrogen-fixing bacteria (29.4x10° CFU ml")
and total phosphate solubilizing bacteria (7.0x10* CFU ml™")
(Tab. 2). The organic C content and the total population of
nitrogen-fixing and phosphate solubilizing bacteria from
the biogas sludge could increase the uptake of nitrogen
and phosphorus in upland rice with an increasing dose of
biogas sludge of 630 ml/polybag (Fig. 2). Therefore, the nu-
trients absorbed are used for plant metabolic processes and
stimulate the plant height, biomass, and crop growth rate
of the upland rice. A similar result was reported by Mus-
tamu and Triyanto (2020), who determined the macro and
micronutrients from the biogas sludge and the population
of nitrogen-fixing and phosphate solubilizing bacteria of
480x10*and 42x10* CFU ml", respectively. Ndubuisi-Nnaji
et al. (2020) reported that the total phosphate solubilizing
bacteria (1.6 to 2.5 CFU ml"') was significantly higher than
nitrogen-fixing bacteria (0.5-1.4 CFU ml"), showing a
significant increase in nutrient concentration in the order
of N>K>P>Ca>Mg>S in all anaerobic digester bioreactors.
Moller and Miiller (2012) reported an increase in concen-
trations of NH,*-N from 45% to 80% in the anaerobic waste.

Interaction of selected superior bacterial

isolates and biogas sludge

The interaction of biogas sludge and superior bacterial
isolates only significantly increased the crop growth rate
of upland rice in Ultisols at 12-16 WA A but did not have
a significant effect on the other parameters in this study.
The interaction of Bl with biogas sludge at the dose of 630
ml/polybag (B1S3) showed the highest crop growth rate of
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upland rice compared to other interactions and was 5.76
times greater compared to the control. This was caused by
the application of biogas sludge that could have increased
soil organic matter and the total population of beneficial
bacteria. Likewise, the biogas sludge contained organic C
(0.14%), total nitrogen-fixing bacteria (29.4x10° CFU ml
"), and total phosphate solubilizing bacteria (7.0x10* CFU
ml") (Tab. 2) that could improve soil quality and increase
the CGR. This result is supported by Urra et al. (2019) who
found that the application of sewage sludge in the long term
significantly increases the organic matter contents in the
soil, causing a decrease in soil pH due to the nitrification of
ammonium in sewage sludge and the production of organic
acids along with the decomposition of the organic matter.
Bhardwaj et al. (2014) and Carvajal-Mufoz and Carmona-
Garcia (2012) showed that the application of a biofertilizer
had advantages for the plants such as availability of nutri-
ents balanced for plant health. It also stimulates nutrient
mobilization that can increase soil biological activity and
nutrient availability for microorganisms to encourage the
growth of beneficial microorganisms, increasing the soil
organic matter content and, therefore, the cation exchange
capacity. Siswanti and Lestari (2019) indicated that the in-
teraction of biogas sludge + biofertilizer (36 ml + 10 Lha™)
significantly increased the plant height, number of leaves,
and capsaicin content in chili pepper compared to a single
treatment of biogas sludge and biofertilizer.

Conclusions

The isolates N3, P7, N3+P7 from the biogas sludge signifi-
cantly increased the uptake of nitrogen (20.77%) and crop
growth rate (2.81 times higher than the control) of upland
rice in Ultisols with the highest increase found with the P7
isolate. The dose of biogas sludge significantly increased
plant height (14.81%), total dry weight (50.55%), uptake of
nitrogen (54.11%) and phosphorus (65.20%), and also crop
growth rate (129.44%) of upland rice in Ultisols with the
highest increase at a dose of 630 ml/polybag. Likewise, the
dose of biogas sludge significantly increased the total fresh
weight of upland rice by 41.81% with the highest increase at
the dose of 315 ml/polybag. The interaction of isolates N3,
P7,N3+P7 with the dose of biogas sludge only significantly
increased the crop growth rate of upland rice in Ultisols
5.76 times with the highest increase found with B1S3.
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