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Abstract. Maize is one of the important crop so production
improvement is must be done to sufficient the needs. Plant growth
promoting rhizobacteria has become a feasible, efficient and
sustainable approach to increase maize productivity. This study
investigated the effect of several rhizobacteria consortia
formulations and bacterial density on the growth and yield of five
maize varieties in Indonesia. The experiment was carried out using a
nested-split plot randomized complete block design (RCBD). The
treatments consisted of two rhizobacteria consortia formulation (granule
and liquid) as nested, four rhizobacterial density (0, 107, 10%, and 10°
cfu/ml) as main plot, and five maize varieties (Bisi 18, Bisi 2, Pertiwi 3,
Bisi 228, and Bisi 220) as subplot. The growth and yield data were
analyzed through ANOVA and by means using DMRT a 5% to determine
the best treatment. Application of rhizobacteria consortia formulation
on five maize varieties did significantly affect the growth and vyield
of maize although bacterial density did not showed the same
results. Rhizobacteria consortia with granule formulation appeared
significantly higher yield performance than liquid. Pertiwi 3 tended
to produce higher average yield than other varieties for both
rhizobacteria consortia formulation although the varieties did not
significantly contribute on ear weight variables.
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1 Introduction

Maize (Zea mays L.) is an important crop for staple food, feed, and raw materials
for manufacture [1]. During 2017-2018, there was an imbalance of total production
of maize compared to the demand of about 0.6 million tonnes however it fulfilled
through import [2]. There are many maize varieties grown in Indonesia, including
five varieties used in this study. These varieties have high potential yield of about
12-15 t/ha but the actual yield only around 4.5 t/ha in dryland [3, 4]. This is could
be caused by environmental factors especially nutrient availability and biotic or
abiotic stress. An effort should be taken to increase the maize yield so the maize
national demand could be fulfilled.

Plant growth-promoting bacteria (PGPB) in the form of rhizobacteria consortium,
particularly in maize, are capable to improve plant growth and yield when applied
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as biofertilizer through few mechanisms including producing phytohormone and
alleviating biotic or abiotic stress [5-7]. To the best of our knowledge, the study on
rhizobacteria consortia formulation with several bacterial densities on various
maize varieties is still rare. In this research, the effect of several rhizobacteria
consortia formulations and bacterial density on the growth and yield of five maize
varieties in Indonesia was investigated. The rhizobacteria consortia formulation
consisted of granule and liquid formulation with bacterial density ranged from 107
to 109 CFU/ml. This paper could provide information for further research on the
formulation and application of rhizobacteria as biofertilizer for improving maize
productivity in Indonesia.

2 Materials and methods

2.1 Preparation of Rhizobateria Consortia Formulation

Rhizobacteria isolates were obtained from rhizosphere of vigorous and healthy maize after
isolation and purification procedure. The rhizobacteria corsortia formulation were
composed of seven rhizobacteria isolates which is consisted of 4 identified (3 isolates
identified as Enterobacter asburiae and 1 isolate classfified as Enterobacter cancerogenus)
and 3 unidentified rhizobacteria isolates (L1S1, L2S4, and L5S4). All isolates was prepared
as described by Kurniawan [8] and Putra [9].

The rhizobacteria consortia was formulated into two form i.e granule and liquid. The
granule formulation was composed of rice husk charcoal, peat, kaolin, and dolomite with
rasio 7:1:2:5 ("/w) and produced using granulator. The liquid formulation was comprised of
5% (*/v) molasses, 1 g/L of each commerciallized ferlitizer Grow More hijau (N-total 32%,
P20s5 10%, and K>O 10%) and Grow More merah (N-total 10%, P.Os 55%, and K2O 10%),
and 0.1 M NaCl.

2.2 Experimental design

Field study was conduted in Singosari, Malang, East Java. The experiment was carried out
using a nested-split plot randomized complete block design (RCBD). The treatments
consisted of two rhizobacteria consortia formulation (granule and liquid) as nested, four
rhizobacterial density (0, 107, 103, and 10° cfu/ml) as main plot, and five maize varieties
(Bisi 18, Bisi 2, Pertiwi 3, Bisi 228, and Bisi 220) as subplot. The treatments combination
were replicated three times and consisted of 25 samples for each treatments combination.
Application of rhizobacteria consortia formulation was done once in the beginning of seed
planting with a dose of 100 g/planting hole for granule formulation or 100 ml/planting hole
for liquid formulation. Furthermore, inorganic fertilizer was applied two times i.e in the
form of urea and NPKS with a dose of 1.87 g dan 5.25 g per plant at 10 days after sowing
and urea with a dose fo 5 g/plant at 28 days after sowing.

2.3 Observational variables

The variables observed included growth and yield variables. the growth variables consisted
of plant height (from collar diameter to growing point), number of leaves (fully opened and
formed leaf blade), dan stem diameter (measured at £ 5 cm above root collar) while the
yield variables included ear weight (with and without husk; g), ear length (cm), ear
diameter (mm), tip filling (%), number of kernel per row (row), and 100 seeds weight (g).



2.3 Statistical and data analysis

The statistical and data analysis was completed using Minitab v.19. The analysis of
variance (ANOVA) was performed to find out the effect of the treatments. Then, duncan
multiple range test (DMRT) a 5% was used to determine the best treatment.

3 Results and discussion

Rhizobacteria can be found in the rhizosphere, a thin layer of soil that covers the root
surface and has a positive effect on plant growth. There are several genera of rhizobacteria
reported as plant growth promoting rhizobacteria (PGPR), namely Pseudomonas,
Enterobacter, Azospirilum, Azotobacter, Burkholderia, Bacillus and Serratia [10]. Abiala,
Odebode, Hsu, & Blackwood [11] exert that bacteria isolated from the rhizosphere of maize
growing in southwestern Nigeria were classified to the following genera i.e Myroides,
Enterobacter,  Bacillus, Lysinibacillus, Citrobacter, Stenotrophomonas,  and
Pseudomonadaceae.

Table 1. The growth variables of five maize varieties under application of various rhizobacteria
consortia formulations and bacterial density at the end of vegetative growth stage.

Plant height Number of Stem diameter
Treatment
(cm) leaves (mm)

Formulation
Granule 220.94 a* 14.07 a 2941Db
Liquid 175.59b 14.54 a 3144 a
Formulation Bacterial density(cfu/ml)

0 (control) 222.35a 14.03 a 29.10 a
Granule 107 22531 a 1445 a 29.39a

108 218.82 a 13.52a 30.18 a

10° 217.26 a 14.26 a 28.96 a

0 (control) 168.08 a 14.04 a 31.58a
Liquid 107 191.33 a 1531 a 31.20 a

108 167.29 a 1436 a 30.37a

10° 175.67 a 1445 a 32.60 a
Formulation Variety

Bisi 18 227.71 a 14.51 ab 28.67 ef
Granule Bisi_2 _ 22798 a 14.52 ab 32.47b

Pertiwi 3 196.79 b 13.77 ¢ 28.62 ef

Bisi 220 22932 a 13.70 ¢ 28.15f

Bisi 228 222.88 a 13.83 ¢ 29.13 def

Bisi 18 175.90d 14.58 ab 31.31 be

Bisi 2 186.92 ¢ 15.08 a 35.09a
Liquid Pertiwi 3 161.30 ¢ 13.93 be 30.52 cde

Bisi 220 176.40 d 14.47 ab 30.67 bed

Bisi 228 177.45 cd 14.63 a 29.60 cdef

* The mean value which was followed by the same letter in the same column showed that the
difference was not significant based on the DMRT with a 5%

Identified rhizobacteria used in this study classified as Enterobacter sp. which are included
in the rhizobacteria group and originate from the Enterobacteriaceae family to produce
protein enzymes that have proteolytic activity. Aeron et al. [12] revealed that the bacteria
Enterobacter sp. produce commercially important enzymes such as amylase, protease,
gelatinase, lipase, deoxyribonuleate, phosphatase and urease. In addition, bacteria
belonging to the enterobacteriaceae group that have proteolytic activity have the ability to
produce protease enzymes which are secreted into their environment. This protease enzyme



then works to hydrolyze protein compounds into oligopetides, short chain peptides and
amino acids. Furthermore, the rhizobacteria isolates used in this study potentially produce
extracellular compound which is categorized as osmoprotectan, fitohormon, and
organopesticide according to GCMS analysis (not reported in this paper).

The growth variables of five maize varieties under application of various rhizobacteria
consortia formulations and bacterial density at the end of vegetative growth stage is shown
in Table 1. The rhizobacteria consortia formulation had a significant effect on the growth
variables of maize (plant height and stem diameter), while the bacterial density had no
significant effect. This results indicated that rhizobacteria consortia formulation has more
effect on the growth of maize compared with the bacterial density of its formulation.

The effect of rhizobacteria consortia formulations on five maize varieties was seen on the
growth variables of maize. Bisi 2 shows a higher average plant height, more leaves and
wider stem diameter than other varieties for both rhizobacteria consortia formulation
(granule and liquid). Besides, Pertiwi 3 tended to exhibit lower plant height, leaf number
and stem diameter compared to other varieties. The difference in the growth of maize is due
to the specific characteristics of each variety and its response to the application of
rhizobacteria formulation.
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Fig. 1. The maize ear weight under application of several rhizobacteria consortia
formulations.

The yield variables of five maize varieties under application of various rhizobacteria
consortia formulations and bacterial density showed in Table 2. Rhizobacteria consortia
formulation and maize variety did significantly affect yield variables of maize while
bacterial density did not contribute significant effects on the yield components.
Rhizobacteria formulation did significantly affect ear weight (with and without husk), ear
length, and 100 seeds weight with granule appeared significantly higher than liquid (Table
2; Fig. 1). The effect of rhizobacteria consortia formulations on five maize varieties was
seen on ear diameter, tip filling, number of kernel per row, and 100 seeds weight (Table 2).
Pertiwi 3 tended to produce higher average yield variables than other varieties for both
rhizobacteria consortia formulation (granule and liquid) although the varieties did not
significantly contribute on ear weight (with and without husk) variables (Fig. 2).
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Fig. 2. The ear weight of five maize varieties under application of several rhizobacteria
consortia formulations.
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Fig. 2. The ear weight (without husk) of five maize varieties under application of several
rhizobacteria consortia formulations.

Microbial consortia did increased yield variables of crop which is promoted by the
abilities of PGPR as phytostimulation, biofertilization (N), and biocontrol (several
root pathogens) [6, 13]. Nezarat & Gholami [14] reported that application of PGPB
did signifiantly affect yield variables e.g 100 seed weight and number of kernel per
ear. In term of yield, Pertiwi-3 tend to produce higher value in yield variables than
other varieties (Table 2) which is in accordance with the studies reported before
[15-17]. This study also emphasized that application of rhizobacteria with several
bacterial density ranged from 107 to 10° CFU/ml produced the same results.



Table 2. The yield variables of five maize varieties under application of various rhizobacteria
consortia formulations and bacterial density.

Ear number of

Treatment Ear length diameter Tip ({}ng kernel per 10(.) sheeds
(cm) (mm) ( 0) row (I'OW) welig t(g)
Formulation
Granule 29.07 a* 50.72 a 92.92 a 1542 a 40.00 b
Liquid 27.53b 49.24 a 90.48a 15.77a 4597 a
Formulation I(ij(;;i:ll)al density
0 (control) 29.63 a 50.73 a 93.12a 1524 a 39.79 a
Granule 107 29.02 a 50.95a 92.71 a 15.67 a 39.85a
108 28.78 a 50.64 a 93.48 a 15.28 a 40.32 a
10° 28.83 a 50.57 a 92.36 a 1549 a 40.04 a
0 (control) 26.12 a 49.58 a 91.14 a 15.45a 45.74 a
Liquid 107 28.17 a 49.42 a 91.59 a 15.87 a 44.83 a
108 2724 a 4891 a 88.43 a 1597 a 45.69 a
10° 28.57 a 49.06 a 90.75 a 15.79 a 47.60 a
Formulation  Variety
Bisi 18 28.36 a 51.30 ¢ 96.42 a 15.03b 41.37 de
Bisi 2 27.04 a 4327 ¢ 91.15bc  12.07c¢c 33.80f
Granule Pertiwi 3 28.43 a 57.70 a 93.97ab  16.20 ab 44.28 bed
Bisi 220 29.70 a 52.39 be 89.35¢ 16.88 a 41.63 de
Bisi 228 31.80a 4895de 93.70ab 16.92a 38.92¢
Bisi 18 28.45a 49.25de  90.82bc  15.93 ab 47.50 a
Bisi 2 27.03 a 46.20 f 89.37 ¢ 16.40 a 46.38 ab
Liquid Pertiwi 3 25.78 a 53.70b 91.15bc  16.10 ab 45.82 abc
Bisi 220 27.02a 49.46d 89.22 ¢ 15.57 ab 46.90 ab
Bisi 228 29.35a 47.60ef 91.83bc  14.85a 43.23 cd

* The mean value which was followed by the same letter in the same column showed that the
difference was not significant based on the DMRT with a 5%

4 Conclusion

Application of rhizobacteria consortia formulation on five maize varieties did
significantly affect the growth and yield of maize although bacterial density did not
showed the same results. Rhizobacteria consortia with granule formulation
appeared significantly higher yield performance than liquid formulation. Pertiwi 3
tended to produce higher average vyield variables than other varieties for both
rhizobacteria consortia formulation (granule and liquid) although the varieties did
not significantly contribute on ear weight (with and without husk) variables.

References

[1] S. Panikkai, R. Nurmalina, S. Mulatsih, and H. Purwati. Znform. Pertan., vol.
26, no. 1, pp. 41-48, 2017.
https://www.researchgate.net/publication/323148022 ANALISIS KETERSE
DIAAN JAGUNG NASIONAL MENUJU SWASEMBADA DENGAN PENDEKAT
AN MODEL DINAMIK

[2] G. Mcdonald and S. Meylinah, “Indonesia Grain and Feed Annual Report
2019,” Jakarta, 2019.
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileNa




(3]

(4]

(5]

(6]

[7]
(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

me?fileName=Grain%?20and%?20Feed%20Annual Jakarta Indonesia 03-
27-2020

M. . Sirappa and N. Razak, “Peningkatan produktivitas jagung melalui
pemberian pupuk N, P, K dan pupuk kandang pada lahan kering di Maluku,
in Prosiding Pekan Serealia Nasional, 2010, pp. 978-979.
http://balitsereal.litbang.pertanian.go.id/wp-
content/uploads/2016/12/p36.pdf

Indonesian Center for Food Crops Research and Development, Deskripsi
Varietas Unggul Jagung. Maros: IAARD Press, 2013.
http://balitsereal.litbang.pertanian.go.id/wp-
content/uploads/2016/11/ades144.pdf

M. S. Santos, M. A. Nogueira, and M. Hungria, AMB Express, vol. 9, p. 205,
2019. https://amb-express.springeropen.com/track/pdf/10.1186/s13568-
019-0932-0.pdf

0. S. Olanrewaju and O. O. Babalola, Microorganisms, vol. 7, no. 519, p.
19, 2019.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6920993/pdf/microorganis
ms-07-00519.pdf

N. Ullah et al. J. Soil Sci. Plant Nutr., vol. 20, no. 2, pp. 346—-356, 2020.
https://link.springer.com/article/10.1007/s42729-019-00112-0

W. Kurniawan, “Kajian Pemberian Bakteri Endofitik terhadap Pertmbuhan
dan Hasil pada Beberapa Varietas Tanaman Jagung (Zea mays L.),”
University of Muhammadiyah Malang, 2016.
http://eprints.umm.ac.id/45286/

A. 1. Putra, “Uji Potansi Kemampuan Bioremediasi dan Biofertilizer Bakteri
Lumpur Aktif (Sludge) Industri PT Surabaya Industrial Estate Rungkut
(SIER),” Universitas Muhammadiyah Malang, 2018.
http://eprints.umm.ac.id/45286/

N. M. 1. Maulina, K. Khalimi, G. N. A. S. Wirya, and D. N. Suprapta, J.
Agric.Sci Biotechmol, vol. 4, no. 1, pp. 1-8, 2015.
https://ojs.unud.ac.id/index.php/JASB/article/view/16307/10651

M. Abiala, A. Odebode, S. Hsu, and C. Blackwood. App/. Environ. Microbiol.,
vol. 81, no. 14, pp. 47364743, 2015.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4551208/pdf/zam4736.pdf
A. Aeron et al., “Enterobacter: Role in Plant Growth Promotion . In:
Bacteria in Agrobiology : Plant Growth Metadata of the chapter that will be
visualized online,” no. December 2014, 2011.
https://link.springer.com/chapter/10.1007/978-3-642-20332-9 8

F. Cassan, D. Perriga, V. Sgroya, O. Masciarellia, C. Pennab, and V. Lunaa.
Eur. J. Soil Biol., vol. 45, pp. 28-35, 2009.
https://www.sciencedirect.com/science/article/abs/pii/S1164556308001064
S. Nezarat and A. Gholami. Pakistan J. Biol. Sci., vol. 12, no. 1, pp. 26-32,
2009. https://dx.doi.org/10.3923/pjbs.2009.26.32

R. A. Prasetyo, L. Soetopo, and A. N. Sugiharto. J. Produksi Tanam., vol. 6,
no. 9, pp. 2354-2362, 2018.
http://protan.studentjournal.ub.ac.id/index.php/protan/article/download/91
6/936

M. Pesireron and R. Senewe. J. Budid. Pertan., vol. 7, no. 2, pp. 53-59,
2011. https://ejournal.unpatti.ac.id/ppr iteminfo Ink.php?id=32

n”




[17] U. Maryamah, S. H. Sutjahjo, and A. Nindita. Bul. Agrohorti, vol. 5, no. 1,
pp. 88—97, 2017. https://doi.org/10.29244/agrob.v5i1.15896




