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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 cultivars 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, 108, and
10° cfu mL-') as main plot, and five maize cultivars (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
yield 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 to 2018, there was an imbalance of total production of maize
compared to the demand of about 0.6 x 10° t however it fulfilled through import [2]. There
are many maize varieties grown in Indonesia, including five cultivars used in this study.
These cultivars have high potential yield of about 12 t ha! to 15 t ha'! but the actual yield
only around 4.5 t ha! in dryland [3, 4]. This 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 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 cultivars in Indonesia was investigated. The
rhizobacteria consortia formulation consisted of granule and liquid formulation with
bacterial density ranged from 107 CFU mL! 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 four identified (three
isolates identified as Enterobacter asburiae (Brenner et al. 1988 emend. Hoffmann et al.
2005) and one isolate classfified as Enterobacter cancerogenus [(Urosevic 1966) Dickey
and Zumoff 1988] and three 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 w'!) and produced using granulator. The liquid formulation was comprised
of 5 % (v v!) molasses, 1 g L' of each commerciallized fertilizer Grow More “hijau”
(N-total 32 %, P,Os 10 %, and K>O 10 %) and Grow More “merah” (N-total 10 %, P,Os 55
%, and K>O 10 %), and 0.1 M NaCl.

2.2 Experimental design

Field study was conduted in Singosari, Malang, East Java (Coordinat: 7.915, 112.641;
7°54°54” S 112°38°27.6” E). Soil characteristics are pHuzo 7.4, pHker 6.2, C-org 2.56 %,
N-total 0.31 %, P2Os-avaitate 105 Mg kg™, Kexch 0.44 cmol(+) kg™, Caexcn 16.82 cmol(+)
kg%, Mgexch 2.54 cmol(+) kg2, and Naexen 0.63 cmol(+) kg .

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, 108, and 10°) cfu mL™]
as main plot, and five maize varieties (Bisi 18, Bisi 2, Pertiwi 3, Bisi 228, and Bisi 220) as
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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 d after sowing and urea with a dose for 5 g plant™' at 28 d 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).

2.4 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 et
al [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 cultivars 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+23.92 2"  14.07+0.96 a 29.414+2.62 b
Liquid 175.59+£22.50 b 14.54+1.13 a 31444343 a
Formulation Bacterial density (cfu mL™)

0 (control) 2223542322 a 14.03+0.92 a 29.10£2.53 a
Granule 107 225.31+£19.98 a 14.45+£0.86 a 29.394+2.89 a

108 218.82+27.87 a 13.52+1.07 a 30.1842.76 a

10° 217.26+25.56 a 14.26+0.83 a 28.96+2.36 a

0 (control) 168.08+19.16 a 14.04+1.25 a 31.584+2.98 a
Liquid 107 191.33+20.71 a 15.31+0.73 a 31.20+3.70 a

108 167.29+28.37 a 1436£1.27 a 30.3743.79 a

10° 175.67+11.50 a 14.45+0.88 a 32.60+3.17 a
Formulation Cultivars

Bisi 18 227.71+£19.11 a 14.51+0.89 ab 28.67+2.14 ef
Granule

Bisi 2 227.98+28.66 a

14.52+0.70 ab

32.47+2.44 b

Continued on the next page.



E3S Web of Conferences 432, 00004 (2023)
2"ICoN-BEAT 2021

https://doi.org/10.1051/e3sconf/202343200004

Table 1. Continued.

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

Pertiwi 3 196.79+23.63 b 13.77+1.18 ¢ 28.624+2.28 ef
Granule B%s? 220 229.32+18.25a 13.70+£1.05 ¢ 28.15£1.95f

Bisi 228 222.88+12.96 a 13.83+0.71 ¢ 29.13+£2.04 def
Liquid Bisi 18 175.90+21.59 d 14.58+0.97 ab 31.31+£2.78 be

Bisi 2 186.92+23.41 ¢ 15.08+0.75 a 35.09+£3.65a

Pertiwi 3 161.30+£19.24 ¢ 13.93+1.38 be 30.52+2.63 cde

Bisi 220 176.40+22.78 d 14.47+1.12 ab 30.67+3.04 bed

Bisi 228 177.45421.06 cd 14.63f£1.21a 29.60+2.53 cdef

The mean value was followed with standard deviation.
*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 cultivars 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 cultivars was seen on
the growth variables of maize. Bisi 2 shows a higher average plant height, more leaves and
wider stem diameter than other cultivars 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 cultivars. 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; Figure 1). The effect of rhizobacteria consortia formulations on five maize
cultivars 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
(Figure 2).
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Fig. 2. The ear weight 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
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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 cultivars under application of various rhizobacteria
consortia formulations and bacterial density.

Ear length Ear diameter  Tip filling number of 100 seeds
Treatment kernel per :
(cm) (mm) (%) row (row) weight (g)
Formulation
Granule 20.07+2.13a" 50.7245.04  92.92+4.27  15.42+2.04  40.00£3.77 b
Liquid 27.53+2.46 b  49.24+3.51  90.48+6.21  15.77+1.78  45.97+4.58a
Formula-  Bacterial density
tion (cfu mL?)
0 (control) 29.63+1.95 50.73+5.12  93.12+3.12  15.24+2.08  39.79+4.17
Granule 107 29.02+2.07 50.95+5.17  92.71+3.95  15.67+2.33  39.85+3.63
108 28.78+2.21 50.64+5.85  93.48+3.12  15.28+1.88  40.32+3.94
10° 28.83+2.36 50.57+4.45  92.36+6.40  15.49+2.02  40.04+3.70
0 (control) 26.12+2.50  49.58+3.10  91.14+4.21  1545+1.90 45.74%5.19
Liquid 107 28.17+2.75 49.42+394 91594511 1587150  44.83+4.98
108 27.24+2.05 48.91+354  88.43+9.31 1597199  45.69+3.68
10° 28.57+1.93 49.06£3.74  90.75#5.03  15.79+1.81  47.60+4.31
Formula-  Cultivars
tion

Bisi 18 28.36+1.79  51.30+1.28c 96.42+1.67a 15.03+091b 41.37+0.87 de
Bisi 2 27.04+1.20  43.27+2.30g 91.15+#3.72bc 12.07+0.51c¢ 33.80£1.73 f
Granule Pertiwi 3 28.43+1.68  57.70+2.18a 93.97+3.23ab 16.20+0.91 ab 44.28+1.33 bcd
Bisi 220  29.70£0.99  52.39+1.64 bc 89.35+2.57c 16.88+0.96a 41.63+1.45de
Bisi 228  31.80+1.33  48.95+1.22 de 93.70+5.61 ab 16.92+1.25a 38.92+0.78 ¢
Bisi 18 28.45+2.30  49.25+3.04 de 90.82+7.07 bc 15.93+1.71 ab 47.50+4.36 a
Bisi 2 27.03+2.64  46.20+1.77f 89.37+5.06 c 16.40+1.51a 46.38+4.58 ab
Liquid Pertiwi 3  25.78+2.28  53.70+3.02b 91.15+4.86 bc 16.10+2.17 ab 45.82+5.11 abc
Bisi 220  27.0242.04  49.46+1.75d 89.22+541c 15.57+1.70 ab 46.90+4.51 ab
Bisi 228  29.35+1.57  47.60+2.61 ef 91.83+8.50 bc 14.85+1.60a 43.23+3.73 cd
The mean value was followed with standard deviation.
* 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 %

This research was carried out on the land with sufficient fertility, especially P2Os-available,
which was categorized as very high [18-20]. Future research should be carried out on soil
with low fertility. Previous studies stated that PGPR could increase crop productivity on
low-fertility land [21-23].

4 Conclusion

Application of rhizobacteria consortia formulation on five maize cultivars 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 yield
variables than other varieties for both rhizobacteria consortia formulation (granule and
liquid) although the cultivars did not significantly contribute on ear weight (with and
without husk) variables.



E3S Web of Conferences 432, 00004 (2023) https://doi.org/10.1051/e3sconf/202343200004
2"ICoN-BEAT 2021

The authors gratefully acknowledge to Department of Agrotechnology, Faculty of Agriculture and
Animal Science, University of Muhammadiyah Malang for supporting this research and
KEMENRISTEK BRIN for the research fund through Prioritas Riset Nasioanl (PRN) grant number
17/E1/PRN/2020.

References

1.

10.

11.

12.

13.

14.

15.

S. Panikkai, R. Nurmalina, S. Mulatsih, and H. Purwati, Informatika Pertanian, 26, 1:
41-48 (2017) [in Bahasa Indonesia]
https://repository.pertanian.go.id/handle/123456789/1100

S. Meylinah, and G. Mcdonald. Grain and Feed Annual Report. Foreign Agricultural
Service, United States Department of Agriculture (2020)
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileNa
me=Grain%20and%20Feed%20Annual_Jakarta_Indonesia_03-27-2020

M.P. Sirappa, and M. Nurdin, Jurnal Agrotropika, 15, 2: 49-55 (2010) [in Bahasa
Indonesia] https://jurnal.fp.unila.ac.id/index.php/JAT/article/view/4248/3039
Indonesian Center for Food Crops Research and Development. Deskripsi Varietas
Unggul Jagung [Description of Corn Superior Varieties]. Maros: IAARD Press (2013)
[inBahasa Indonesia] https://repository.pertanian.go.id/handle/123456789/6206

M.S. Santos, M.A. Nogueira, and M. Hungria, AMB Express, 9, 205 (2019)
https://doi.org/10.1186/s13568-019-0932-0

0.S. Olanrewaju, and O.0. Babalola, Microorganisms, 7, 11: 519 (2019)
https://doi.org/10.3390/microorganisms7110519

N. Ullah, A. Ditta, and A. Khalid. J. Soil Sci. Plant Nutr., 20: 346-356 (2020)
https://doi.org/10.1007/s42729-019-00112-0

W. Kurniawan, Kajian Pemberian Bakteri Endofitik terhadap Pertumbuhan dan Hasil
pada Beberapa Varietas Tanaman Jagung (Zea mays L.)[ Study of Endophytic
Bacteria Administration on Growth and Yield of Several Varieties of Corn (Zea mays
L.)], [Undergraduate Thesis], Agrotechnology, University of Muhammadiyah Malang
(2016) [in Bahasa Indonesia] http://eprints.umm.ac.id/45286/

I. Putra, Uji Potansi Kemampuan Bioremediasi dan Biofertilizer Bakteri Lumpur Aktif
(Sludge) Industri PT Surabaya Industrial Estate Rungkut (SIER)[Potency Test of
Bioremediation and Bacterial Active Sludge Biofertilizer for PT Surabaya Industrial
Estate Rungkut (SIER) Industry],[Undergraduate Thesis], Agrotechnology, Universitas
Muhammadiyah Malang (2018) [in Bahasa Indonesia] http://eprints.umm.ac.id/45286/
N.M.I. Maulina, K. Khalimi, and G.N.A.S. Wirya, J. Agric. Sci. and Biotechnol., 4, 1:
1-8 (2015) [in Bahasa Indonesia]
https://ojs.unud.ac.id/index.php/JASB/article/view/16307/10651

M.A. Abiala, A.C. Odebode, S.F. Hsu, and C.B. Blakwood, Appl. Environ.
Microbiol., 81, 14: 4736-4743 (2015) https://doi.org/10.1128/AEM.00570-15

C.K. Jha, A. Aeron, B.V. Patel, D.K. Maheshwari, and M. Saraf. Enterobacter: Role
in Plant Growth Promotion, in: Bacteria in Agrobiology: Plant Growth Responses, D.
Maheshwari (eds), Berlin: Springer (2011) pp 159-182 https://doi.org/10.1007/978-3-
642-20332-9 8

F. Cassan, D. Perrig, V. Sgroy, O. Masciarelli, C. Penna, and V. Luna, Eur. J. Soil Sci.,
45, 1: 28-35 (2009) https://doi.org/10.1016/j.ejsobi.2008.08.005

S. Nezarat, and A. Gholami, Pak. J. Biol. Sci., 12, 1: 26-32 (2009)
https://doi.org/10.3923/pjbs.2009.26.32

R.A. Prasetyo, L. Soetopo, adn A.N. Sugiharto, J. Produksi Tanaman, 6, 9: 2354-2362
(2018) [in Bahasa Indonesia]
http://protan.studentjournal.ub.ac.id/index.php/protan/article/view/916



https://repository.pertanian.go.id/handle/123456789/1100
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Grain%20and%20Feed%20Annual_Jakarta_Indonesia_03-27-2020
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Grain%20and%20Feed%20Annual_Jakarta_Indonesia_03-27-2020
https://jurnal.fp.unila.ac.id/index.php/JAT/article/view/4248/3039
https://doi.org/10.1186/s13568-019-0932-0
https://doi.org/10.3390/microorganisms7110519
https://doi.org/10.1007/s42729-019-00112-0
http://eprints.umm.ac.id/45286/
http://eprints.umm.ac.id/45286/
https://ojs.unud.ac.id/index.php/JASB/article/view/16307/10651
https://doi.org/10.1128/AEM.00570-15
https://doi.org/10.1007/978-3-642-20332-9_8
https://doi.org/10.1007/978-3-642-20332-9_8
https://doi.org/10.1016/j.ejsobi.2008.08.005
https://doi.org/10.3923/pjbs.2009.26.32
http://protan.studentjournal.ub.ac.id/index.php/protan/article/view/916

E3S Web of Conferences 432, 00004 (2023) https://doi.org/10.1051/e3sconf/202343200004
2"ICoN-BEAT 2021

16.

17.

18.

19.

20.

21.

22.

23.

M. Pesireron and R. Senewe. J. Budid. Pertan., 7, 2: 53-59 (2011).
https://ejournal.unpatti.ac.id/ppr_iteminfo_Ink.php?id=32

U. Maryamah, S.H. Sutjahjo, and A. Nindita, Buletin Agrohorti, 5, 1: 88-97 (2017) [in
Bahasa Indonesia] https://doi.org/10.29244/agrob.v5i1.15896

H. Prasetyo, R.H. Setyobudi, P.G. Adinurani, Z. Vincévi¢a-Gaile, A. Fauzi,

T.A. Pakarti, et al., Proc. Pak. Acad. Sci.: B, 59,4: 99-113 (2022)
http://doi.org/10.53560/PPASB(59-4)811

P.G. Adinurani, S. Rahayu, R.M. Wardhani, R.H. Setyobudi, N.N. Huu, Proc. Pak.
Acad. Sci.: B, 60,3 (2023). http://doi.org/10.53560/PPASB(60-3)927

H. Sukorini, E.R.T. Putri, E. Ishartati, S. Sufianto, R.H. Setyobudi, N.N. Huu, et al.,
Jordan. J. Biol. Sci., 16,1: 137-147 (2023) https://doi.org/10.54319/jjbs/160117

D.H. Goenadi, R.H. Setyobudi, E. Yandri, K. Siregar, A. Winaya, D. Damat, et al.,
Sarhad J. Agric., 37, Special Issue 1: 184-196 (2021)
https://dx.doi.org/10.17582/journal.sja/2022.37.51.184.196

I. Ekawati, H.D. Wati, M.P. Koentjoro, H. Sudarwati, P.G. Adinurani, R.H. Setyobudi,
et al., Proc. Pak. Acad. Sci.: B, 60,3 (2023). In Press.

M. Muhammad, U. Isnatin, P. Soni, P.G. Adinurani, E3S Web Conf., 226,00031: 1-8
(2021) https://doi.org/10.1051/e3sconf/202122600031



https://ejournal.unpatti.ac.id/ppr_iteminfo_lnk.php?id=32
https://doi.org/10.29244/agrob.v5i1.15896
http://doi.org/10.53560/PPASB(59-4)811
http://doi.org/10.53560/PPASB(60-3)927
https://doi.org/10.54319/jjbs/160117
https://dx.doi.org/10.17582/journal.sja/2022.37.s1.184.196
https://doi.org/10.1051/e3sconf/202122600031

