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Abstract

Rhizobium spp can affect plant growth in non-legume crops directly by
synthesis of phytostimulator and solubilization of inorganic phosphate.
However, the ability of Rhizobium spp from legume and non-legume rhi-
zosphere to trigger the growth of non-legume crops is different. This
research aims to analyze the ability of Rhizobium spp isolates to pro-
duce IAA hormones and phosphate solvent and determine the response
of maize with the application of Rhizobum spp from the legume and non-
legume rhizosphere. This study was carried out in two stages, where
the first stage at Bioscience Laboratory Politeknik Negeri Jember, while
the second stage at Kaliurang field, Jember, Indonesia (altitude 146 m
asl, temperature 21°C - 34°C, and soil type was incepstisol) from Sep-
tember 2022 to January 2023. The field experiment was arranged in a
complete randomized design (crd) with the application of Rhizobium
spp isolates from various rhizosphere as a treatment consisting of with-
out Rhizobium spp (control), maize-rhizosphere isolate, rice-rhizo-
sphere isolate, soybean-rhizosphere isolate, edamame-rhizosphere iso-
late, and peanut-rhizosphere isolate. Every treatment was replicated
four times. The results showed that Rhizobium spp isolates from legume
and non-legume rhizospheres can synthesize indole acetic acid and sol-
ubilize phosphate. This condition was indicated by the solubilized
phosphate content in the planting medium, which was higher in the ap-
plication of Rhizobium spp compared to the control. Inoculation of Rhi-
zobium spp from several rhizospheres showed a significant effect on
plant height, stem diameter, ear weight without husks, and ear dry
weight compared to control. These bacteria are able to trigger the
growth of maize through direct and indirect mechanisms. In addition,
the plant height that was treated with maize-rhizosphere Rhizobium
spp was better than rice. It is suspected that Rhizobium spp from the
maize rhizosphere is more adaptable when applied to growing media
for maize crops, so that it can increase plant height.
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1. Introduction

Rhizobium spp. is a type of bacteria that can offer nutrients to plants. These bacteria are capa-
ble of infecting and producing root nodules on plants in association with the Leguminosae family.
Root nodules are the product of a symbiotic relationship between legume and Rhizobium spp.,
which fixes nitrogen in the atmosphere and produces nitrogen nutrients for plants (Liu et al,,
2018). In recent years, numerous studies have been investigating the use of Rhizobium spp asso-
ciated with non-legume crops, such as rice, maize, barley, sunflower, radishes, among others. Ac-
cording to the results of these studies, non-legume crops can interact with rhizobia and benefit
from their plant growth promotion activities. However, much more research is required to analyze
the potential benefits and drawbacks of such associations, as well as to focus on the development
of rhizobial strains capable of increasing agricultural output under a variety of environmental con-
ditions (Fahde et al., 2023).

In addition to being symbiotic with legume crops, Rhizobium spp. can form non-specific
associative interactions with the roots of non-legume without producing true nodules on the root
(Hussain et al, 2014). Under specific conditions, these bacteria operate as a phosphate solvent,
produce hormones, and fix nitrogen in conjunction with non-legume crops (Afzal & Bano, 2008).
Rhizobium spp. have a positive impact on the growth of non-legume, either directly or indirectly
through several processes (Mehboob et al, 2009). The directly methods by increasing
phytohormone and vitamin synthesize, increasing nutrient uptake by plants, increasing stress
tolerance, organic phosphate mineralization, and inorganic phosphate solubilization.

Rhizobium spp. is a facultative symbiont that can live as a typical component of soil microflora
in the absence of a host plant, but can also thrive freely as a heterotroph in the presence of host
plant roots. These bacteria are free-living and motile in soil, where they get nutrition from the
remains of deceased species. According to Yoneyama et al. (2017), Rhizobium spp. bacteria can be
discovered in the rhizosphere of non-legume plants. Rhizobium spp bacteria was found and iso-
lated from rhizosphere of maize (Celador-Lera et al., 2017).

Furthermore, Mehboob et al,, (2009) found several strains of Rhizobium spp. tested on maize
had the ability to enhance root length, shoot length, and plant dry weight compared to a control
treatment without Rhizobium spp. Because certain Rhizobium spp bacteria are capable of produc-
ing hormones, they can stimulate plant growth in both legume and non-legume crops (Elhaissoufi
et al, 2021). Previous study on the application of rhizobium isolates from legumes and non-leg-
umes to food crops is not widely known, therefore, this experiment was conducted to determine
the cultivation of maize using Rhizobum spp. from legume and non-legume rhizosphere. In recent
years, research has shown that Rhizobium spp can also associate with non-legume plants, ulti-
mately leading to growth stimulation through direct and indirect mechanisms. A hypothesis is de-
veloped that Rhizobium spp. from legume and non-legume rhizosphere may have a positive impact
on maize growth and yield.

2 Materials and methods
2.1 Research location

This study was carried out in second stages, where the first stage at Bioscience Laboratory
Politeknik Negeri Jember, while the second stage at Kaliurang field, Jember, Indonesia from Sep-
tember 2022 to January 2023 (altitude of 146 m above sea level, temperature 21°C - 34°C, and soil
type is incepstisol).

2.2 Experimental design and treatment
This research involves both laboratory and field. A variety of potential Rhizobium spp isolates
were investigated in the laboratory using qualitative and quantitative descriptive methods. The
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field study implemented a non-factorial Completely Randomized Design (CRD) with six treat-
ments, namely the application of Rhizobium spp. isolate at a concentration of 1x107 cfu.ml-! to
maize medium, with each treatment repeated four times. Rhizobium spp. treatment as follows:

: without Rhizobium spp. (control)

: 4.7 ml of maize-rhizosphere Rhizobium spp (non legume crop, graminae)

: 11 ml of rice-rhizosphere Rhizobium spp (non legume crop, graminae)

: 7.3 ml of soybean-rhizosphere Rhizobium spp (legume crop)

: 6.3 ml of edamame-rhizosphere Rhizobium spp (legume crop)

: 9.7 ml of peanuts-rhizosphere Rhizobium spp (legume crop)

Mmoo O w >

2.3 Selection of Rhizobium spp. isolates
Laboratory tests were used to select rhizobium isolates from legume and non-legume rhizo-
spheres in order to get suitable isolates, including:

IAA (Indole Acetoc Acid) test

The IAA test, which involves inoculating bacterial isolates with loop needles and incubating
them for 2-3 days in Trypticase Soy Agar (TSA) medium. Then 1 ml of Salkovsky reagent was put
above the colony and incubated in a dark area, the color of the bacterial isolate changed to pink,
indicating that it was positive for IAA (Kachhap et al,, 2015).

Phosphate solubilizer test

Phosphate solubilizer test was performed by inoculating bacterial isolates into media
pikovskaya and then incubating them for 7 days. The presence of a halo zone or clear zone around
the bacterial colony indicates the ability of bacteria to dissolve phosphate (Ventorino et al., 2014).

2.4 Propagation of Rhizobium spp. isolates

Before the Rhizobium isolates were propagated, tools and materials were sterilized in an au-
toclave at 121 oC for 5 minutes. The initial culture was made by diluting 2-5 ose isolates up to 5
dilutions, with the last dilution series as a replacement medium. The alternative media produced
from water and rice bran are stirred until homogeneous before the isolates are inoculated into
them with a ratio of the initial and alternative media of 1:9, so that a liter is obtained for each
isolate.

2.5 Crop management and Rhizobium spp. application

Field implementation begins with planting corn seeds into the planting medium in polybags.
Embroidery, thinning, weeding, and watering are carried out periodically as needed. Application
of Rhizobium spp. was performed twice, namely at 7 and 21 days after planting (dap), according
to each treatment (a half dose per application). Fertilization was done twice at 14 and 42 dap using
NPK Phonska and Urea according to standard doses. Harvesting is done when the maize is 95 days
old.

2.6 Collecting data and statistical analysis

The data observed in this study consisted of: the ability of bacteria to synthesize IAA and dis-
solve phosphate; fresh stem weight; fresh leaf weight; ear weight without husk; ear dry weight;
100 seed weight; and soil phosphate content after planting. Laboratory data such as IAA and phos-
phate test results were analyzed qualitatively, while field observation data were tested using the
orthogonal contrast.
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3 Result and discussion
3.1 Rhizobium spp. bacteria’s ability to synthesize IAA

The ability of bacterial isolates to create IAA was tested using TSA medium. Isolates that turn
pink suggest that they have the ability to create the IAA hormone. I1AA test results for Rhizobium
spp. can be seen in Table 1.

Table 1. Rhizobium spp. qualitative test for IAA production

Origin of Rhizobium spp Isolate colour L

Descriptions
Isolate Before After

Maize rhizosphere Turns pink
Rice rhizosphere Turns pink
Soybean rhizosphere Turns pink
Edamame rhizosphere Turns pink
Peanuts rhizosphere Turns pink

According to laboratory studies, Rhizobium spp. can produce IAA and dissolve phosphate. Each
bacterial isolate on the observation table can produce 1AA, as indicated by the color change to pink
after being treated with Salkovski's reagent and placed in the dark for 1 hour. After being exposed
to Salkovwski reagent, IAA-producing bacterial isolates turned pink (Gunasinghe & Edirisinghe,
2020). The results of this study are also similar to those published by Sudewi et al. (2020), who
discovered that IAA-producing bacteria isolates changed color to pink after being given the
Salkovwski reagent.

3.2 Rhizobium spp. bacteria's ability to solubilize phosphate

Bacterial isolates were tested for dissolving phosphate by inoculating them on Pikovskaya me-
dium (Ventorino et al., 2014). The growth of the isolates was detected after 7 days of incubation.
A halo zone (clear zone) will form surrounding the colony in media containing phosphate-solubil-
izing endophytic isolates.
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Table 2. Rhizobium spp. qualitative test for solubilizing phosphate

Origin of Rhizobium spp. Isolates ability to solubilize
[solate appearance
Isolate phosphate
Maize rhizosphere +
Rice rhizosphere +
Soybean rhizosphere +
Edamame rhizosphere +
Peanuts rhizosphere +

Note: + means Rhizobium spp. isolate has the ability to solubilize phosphate

Based on Table 2, all isolates can solubilize phosphate, as evidenced by the existence of a clear
zone (halo zone) around the isolate. According to Pande et al. (2017), the ability to solubilize phos-
phate is characterized by the creation of a clear zone around the bacteria in the media, with a
greater clear zone indicating a higher degree of phosphate dissolving concentration. Plants can't
absorb phosphorus in its bound form; thus, it must be changed into a more soluble form before
being made available to them. Insoluble and bonded phosphate can be converted by soil microbes
like fungi and bacteria into a soluble form that plants can absorb (Elfianti et al., 2021).

3.3 Plant height

The treatment of Rhizobium spp. had a very significant effect compared to the control. In com-
parison between the graminae, there was a significant difference between the Rhizobium spp.
treatment from maize and rice rhizospheres, whereas the Rhizobium spp treatment from maize
rhizospheres had a higher average. The plant heights of maize are provided in Table 3 below.

Table 3. Plants heights of maize

Treatment Plant height (cm) Notation
Control vs All treatments 144.40 Vs 150.09 ok
Non-legume (B,C) vs Legume (D,E,F) 150.16 Vs 150.04 ns
Maize vs Rice 152.88 Vs 147.44 *
Soybean, Edamame (D,E) vs Peanut (F) 150.27 Vs 149.58 ns
Soybean vs Edamame 150.42 VS 150.11 ns
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Note: (**) means a highly significant difference, and (ns) means a non-significant difference

Based on Table 3, the Rhizobium spp. treatment had a highly significant difference in the plants
height compared to the control, with an average of 150.09 cm. In comparison between the grami-
nae, there was a significant difference between the Rhizobium spp. treatment from maize and rice
rhizospheres, whereas the Rhizobium spp. treatment from maize rhizospheres had a higher aver-
age of 152.88 cm. It is because of the ability of Rhizobium spp. to produce IAA hormone. According
to the studies of Rao et al. (2018), IAA might have helped increase the plant's height. In particular,
the bacteria's production of IAA increases the total root surface, leading to enhanced mineral up-
take from the soil (Amezquita et al., 2022). This can affect the hormonal balance in plants and, as
a result, influence their growth. According to Qureshi et al. (2013), the genus Rhizobium is an ef-
fective plant growth promoter in maize cultivars because of its ability to increase photosynthetic
rate by up to 21%.

3.4 Stem diameters

The treatment of Rhizobium spp. from several rhizospheres exhibited a highly significant differ-
ence in stem diameters compared to the control treatment (based on orthogonal contrast). The
stem diameter results are provided in Table 4 below.

Table 4. Stem diameters of maize

Treatment Stem diameter (cm) Notation
Control vs All treatments 2.02 Vs 2.18 ok
Non-legume (B,C) vs Legume (D,E,F) 2.21 Vs 2.17 ns
Maize vs Rice 2.27 Vs 2.14 ns
Soybean, Edamame (D,E) vs Peanut (F) 2.19 Vs 2.14 ns
Soybean vs Edamame 2.20 VS 2.17 ns

Note: (**) means a highly significant difference, and (ns) means a non-significant difference.

Based on Table 4, the Rhizobium spp. treatment had a highly significant difference in the stem
diameter compared to the control (2.18 cm). The maize rhizosphere of Rhizobium spp. generated
the highest stem diameter (2.27 cm), while the control had the lowest (2.02 cm). Plant growth
may be enhanced by the IAA from Rhizobium spp. According to Fu et al. (2015), IAA influences and
induces the expansion and elongation of plant cells. This factor is critical in regulating the size of
the maize stem. The [AA can trigger stem length growth and increase apical dominance, allowing
plants to grow higher. Additionally, the IAA stimulates the production of new cell walls, increasing
the amount of tissue in the stem and enlarging its diameter (Orozko et al., 2023).

3.5 Ear weight without husk

Based on the orthogonal contrast test results, the treatment of Rhizobium spp. From all rhizo-
sphere exhibited a highly significant difference in cob weight without husks compared to the con-
trol treatment. The cob weight results without husks are provided in Table 5.

Table 5. Ear weight without husks

Treatment Ear weight without husk (g) Notation
Control vs All treatments 172.13 Vs 183.00 x
Legume (B,C) vs Legume (D,E,F) 182.38 Vs 183.42 ns
Maize vs Rice 182.75 Vs 182.00 ns
Soybean, Edamame (D,E) vs Peanut (F) 183.13 Vs 184.00 ns
Soybean vs Edamame 181.79 Vs 184.46 ns

Note: (**) means a highly significant difference, and (ns) means a non-significant difference.
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Based on the orthogonal contrast, the Rhizobium spp. treatment had a highly significant differ-
ence in ear weight without husks compared to the control, with an average of 183.00 g. Rhizobium
spp. treatment from the edamame rhizosphere produced the highest ears without husks (184.46
g), while the control had the lowest (172.13 g). The addition of Rhizobium spp., which may solu-
bilize phosphate, is suspected to impact the weight of maize ears. Based on the availability of phos-
phate in the soil, which is typically in an unavailable form, a biological fertilizer agent capable of
increasing the effectiveness of using P fertilizer on soils with a high concentration of bound cal-
cium phosphate deposits is required. According to Fitriatin et al. (2021), organic acids created by
phosphate-dissolving microorganisms might increase the solubility of unavailable P to become
available P in the soil, thereby increasing P absorption by plants. Because element P is available,
more photosynthetic energy can be allocated to the ear, resulting in increased ear size. Plant me-
tabolism will also be more active, which will improve the processes of elongation, division, and
cell differentiation, resulting in an increase in ear weight, length, and diameter (Karneta et al,,
2022).

3.6 Ear dry weight

Based on the orthogonal contrast, the treatment of Rhizobium spp. from several rhizospheres
exhibited a highly significant difference in ear dry weight compared to the control. The ear dry
weight is provided in Table 6.

Table 6. Ear dry weight

Treatment Ear dry weight (g) Notation
Control vs All treatments 107.75 Vs 119.63 ok
Legume (B,C) vs Legume (D,E,F) 115.38 Vs 122.46 ns
Maize vs Rice 117.75 Vs 113.00 ns
Soybean, Edamame (D,E) vs Peanut (F) 120.63 Vs 126.13 ns
Soybean vs Edamame 121.88 VS 119.38 ns

Note: (**) means a highly significant difference, and (ns) means a non-significant difference.

Based on Table 6, the Rhizobium spp. treatment had a highly significant difference in the ear
dry weight compared to the control, with an average of 119.63 g. The Rhizobium spp. treatment
from the peanut rhizosphere produced the highest ear dry weight (126.13 g), while the control
had the lowest (107.75 g). Soil microorganisms such as Rhizobium spp. that can dissolve are able
to access legacy P, making it available to plants and thus leading to a reduction in the P fertilizer
needs of crops (de-Bashan et al,, 2021). According to Calvo et al. (2014), an increase in size, such
as ear size and length, will occur as a result of improved cell division and differentiation as a form
of improving plant metabolism due to efficient phosphate absorption. The ear's fresh weight is
linked to its size and photosynthetic distribution. The ear maize will become bigger as it grows in
size (Hatibie et al.,2021).

3.7 Weight of 100 seeds
Based on the orthogonal, the treatment of Rhizobium spp. did not have significant effect on weight
of 100 seeds. The weight of 100 seeds results are provided in Table 7 below.
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Table 7. Weight of 100 seeds

Treatment Weight of 100 seeds (g) Notation
Control vs All treatments 26.33 Vs 26.33 ns
Graminae (B,C) vs Legume (D,E,F) 26.15 Vs 26.44 ns
Maize vs Rice plant 26.38 Vs 25.93 ns
Soybean, Edamame (D,E) vs Peanut (F) 26.91 Vs 25.50 ns
Soybean vs Edamame 26.70 Vs 27.13 ns

Note: (ns) means a non-significant difference.

Based on Table 7, there was no significant difference in the weight of 100 seeds. The edamame
rhizosphere (Rhizobium spp.) treatment produced the highest average weight of 100 seeds (27.13
g), whereas the rice plant rhizosphere had the least (25.93 g). This is apparently because the de-
velopment of 100 seeds is heavily impacted by genetic factors, whereas only one type of maize
was employed in this study. According to Erawati et al. (2021), who discovered that the weight of
100 seeds is significantly affected by genetics or the variety utilized, when different types of maize
are used in maize production, the potential variance in the weight of 100 seeds is very large. Fur-
thermore, the relationship between Rhizobium spp. bacteria and maize crops is not optimized,
which may be one of the reasons for the underweight of 100 seeds of maize.

3.8 Soil phosphate content after planting
Based on the analysis of soil phosphate content after planting, the result is shown in Table 8.

Table 8. Soil dissolved phosphate content after planting

Soil dissolved phosphate

Treatment Criteria
(ppm)
Control 42.36 Medium
Maize-rhizosphere Rhizobium spp. 86.29 Very high
Rice-rhizosphere Rhizobium spp. 63.01 High
Soybean-rhizosphere Rhizobium spp. 66.17 High
Edamame-rhizosphere Rhizobium spp. 61.63 High
Peanuts-rhizosphere Rhizobium spp. 85.29 Very high

Based on Table 8, The Rhizobium spp. treatment from the maize rhizosphere generated the
highest soil dissolved phosphate content after planting (86.29 ppm), while the control had the
lowest (42.36 ppm). Inoculation of Rhizobium spp. from the maize rhizosphere obtained the high-
est dissolved phosphate content. These bacteria are more adaptable to the corn root zone, result-
ing in a compatible symbiosis between the bacteria and the host plant due to favorable root con-
ditions. According to Ortiz & Sansinenea (2022), the compatibility between bacteria and plant
roots will boost bacterial activity, resulting in better nutritional content and absorption, specifi-
cally phosphate. Furthermore, each of the bacteria from different rhizospheres was capable of dis-
solving phosphate, whereas the control did not include Rhizobium spp., resulting in the lowest soil
dissolved phosphate. Phosphate-solubilizing bacteria, such as Rhizobium spp., can positively inter-
act with post-application soil conditions (Hartati et al., 2023).

4. Conclusion

Rhizobium spp. isolates from several rhizospheres (legume and non-legume) can synthesize
IAA and dissolve phosphate. Soil-dissolved phosphate content increased when these bacteria
were applied. Inoculation of Rhizobium spp. (legume and non-legume rhizospheres) showed a sig-
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nificant effect on plant height, stem diameter, ear weight without husks, and ear dry weight com-
pared to control. In addition, the plant height treated by maize-rhizosphere Rhizobium spp. was
better than rice. It is suspected that Rhizobium spp. from the maize rhizosphere is more adaptable
when applied to growing media for maize crops.
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