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ABSTRACT

Microbial inoculants are beneficial microorganisms applied to plants or the soil to promote plant growth and control
pest disease and weeds. Microbial inoculants isolated from local surroundings are indigenous microorganisms
(IMO) inoculants. The performance of the IMO inoculants is varied depending on the sources and the local
environment. Therefore, it is important to identify the right sources to enhance the efficiency of the IMO inoculants.
This research aims to study the performance of okra and soil by mixing potential yeast sources for indigenous
microorganisms (IMO) inoculants. Longan and mango were chosen as the sources of yeasts. The IMO inoculants
were fermented for a week, and the microorganisms group was identified. Then, the IMO inoculants were applied
to the okra and tested for physical and mineral content analysis. IMO inoculants with mango and longan showed a
higher yeast population than the control. However, IMO inoculants with mango showed the best plant growth and
harvesting time performance. The soil treated with both IMO inoculants also showed higher potassium and calcium.
To conclude, plants treated with both IMO inoculants performed better than the control. Thus, IMO inoculants with
longan and mango may potentially enhance the yeast community in IMO inoculants, indirectly improving okra
growth and benefiting the agriculture field in the future.
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Compared to chemical fertilizers, biofertilizers can
provide nutrients to crops, improve growth performance and
health, and improve the soil's biological activity, leading to
better nutrient uptake and transfer from organic and chemical
sources and the decomposition of toxic substances (Macik
et al., 2020). However, the composition of each nutrient
in biofertilizers cannot be designed. Therefore, there are
possibilities that biofertilizers lack the major nutrients required
by crops and fail to meet the plant nutrient requirements
(Han et al., 2016). In addition, biofertilizers are decomposed
slowly, and in long-term applications, they might accumulate
heavy metals, harming the environment (Wei et al., 2020).

Therefore, microbial inoculants can offer an
alternative solution to overcome this problem. Microbial
inoculants composed of beneficial microorganisms may help
enhance the microbial community and indirectly improve
aspects of nutrient decomposition, productivity, and crop
health (Suyal et al., 2016). They also protect against various
pathogens and effective herbicides (Babalola & Glick, 2012).
The beneficial microorganisms include fungi, bacteria, and
microalgae, isolated from various locations, such as soil,
water, plants, and organic materials or composted manure
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(Gamez et al., 2019), which makes them environmentally friendly.

Effective Microorganisms (EM) are well-known microbial inoculants that contain a variety of
beneficial microorganisms (Higa & Parr, 1994). These microorganisms were classified into yeasts,
photosynthetic bacteria, lactic acid bacteria, fungi, and actinomycetes. To date, EM has been applied
in different fields, such as agriculture (Joshi et al., 2019), eutrophication (Sharip et al., 2020), composts
(Abu Bakar & Ibrahim, 2013), and water (Firdaus & Azman, 2018).

Similar to EM, indigenous microorganisms (IMO) inoculants are also microbial inoculants,
except these beneficial microorganisms are isolated in the local environment. The microbes, including
bacteria, fungi, and yeasts, are naturally adapted to the current weather and live in mutual interaction
with growing plants (Jan et al., 2020). It can be done directly by immersing fermentation culture with
molasses solution for IMO inoculums culture or adding various organic materials (Abu Bakar & Ibrahim,
2013).

Yeasts are one of the beneficial microorganisms in IMO inoculants. They generate antimicrobial
compounds that eliminate destructive pathogens by utilizing amino acids and sugars secreted by plant
roots, photosynthetic bacteria, and organic matter (Al-Sahlany et al., 2020). However, suitable sources
of yeast, particularly for IMO inoculants, have not been discovered yet. Moreover, the population of yeast
in the existing method, using only rice and molasses, is low (Sabri, 2011). Therefore, this study aims to
study the performance of okra and soil by adding potential yeast sources for the IMO inoculants. These
additional sources may enhance the yeast community in the IMO inoculants. These IMO inoculants
may also contain some other microorganisms, which can be used as biofertilizers to indirectly improve
plant growth.

MATERIALS AND METHODS

Preparation of Indigenous Microorganisms (IMO) Inoculants

Two fruits, longan (Dimocarpus longan spp. malesianus Leenh) and mango (Mangifera indica)
were chosen as yeast sources to enhance the yeast community in the IMO inoculants due to their
highest leavening ability (Ghani et al., 2011). Both fruits were bought at a night market in Gambang,
Kuantan. Five formulations were designed, namely, IMO L1, IMO L2, IMO M1, IMO M2, IMO C (positive
control), and negative control (organic fertilizer only) (Table 1). The formulations were based on
different amounts of longan and mango added into the standard formulation (IMO C). Hereafter, the
IMO inoculants formulations in Table 1 are referred to as IMO inoculants and the type of formulations,
to enhance the comprehension of the manuscript. The IMO inoculants cultivation methodology was
adapted from Ismail et al. (2019) and performed in Taman Pertanian, Kuantan.

Table 1. Formulation for each formulation

Indigenous microorganisms (IMO) inoculants Ingredients
IMO L, 1 kg rice + 1 kg brown sugar + 0.25 kg longan
IMO L, 1 kg rice + 1 kg brown sugar + 0.5 kg longan
IMO M, 1 kg rice + 1 kg brown sugar + 0.25 kg mango
IMO M, 1 kg rice + 1 kg brown sugar + 0.5 kg mango
IMO C 1 kg rice + 1 kg brown sugar

Preparation of Indigenous Microorganisms (IMO) inoculants identification of yeast group

The IMO inoculants were diluted in sterile 0.9% NaCl solution until 10-5. Then, the dilution was
plated on yeast glucose chloramphenicol (YGC) agar (Chemolab). The number of individual colonies
growing on each agar plate was quantified and characterized by the colony's color, size, texture, and
surface.

Experimental design

The study was conducted in a randomized complete block design with five formulations, as
described above. Each formulation was replicated 10 times at Universiti Malaysia Pahang, Pahang,
Malaysia. The soil was mixed with 10 g of organic fertilizer and dilutions 1:1000 of inoculants IMO L1,
IMO L2, IMO M1, IMO M2, IMO C. For the negative control, only organic fertilizer was added to the soil.
Two seeds of Abelmoschus esculentus (L.) Moench (Malvaceae), or okra, was sown per hole in each
polybag and watered twice daily. All plants, except negative control, were sprayed with the respective
1000x diluted IMO inoculants once a week. The growth variables were monitored and measured before,
during, and after the planting experiments. The yield of okra was harvested after 55 - 60 days. On day
70, the whole okra was harvested, and growth parameters and chemical analyses for the soil were
recorded.
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Growth parameters of plants
The plants were measured for plant height, root length, okra pods, and harvesting time. Plant
height and root length were measured weekly for 60 days, every Monday evening.

Mineral content analysis of soil
Before and after harvesting, the soil samples were sent for the mineral content analysis of
Potassium (K) and calcium (Ca) using atomic absorption spectrometry (Perkin Elmer).

Statistical analysis
One-way between-groups ANOVA and T-test were performed using the GraphPad Prism 5
software. Tukey was used for the post hoc test.

RESULTS AND DISCUSSION

Yeast community

Yeast was detected in all IMO inoculants. The morphological characteristic of the yeast is
spherical and smooth, and the color is off-white. Figure 1 shows the yeast colony morphology on the
YGC agar. The highest yeast colony was found in the IMO M1 (8 x 10° CFU/mL), followed by IMO L2
(3 x 10° CFU/mL), IMO M2 (1 x 10° CFU/mL), IMO C (3 x 10* CFU/mL), and IMO L1 (2 x 10* CFU/
mL) (p<0.05). A higher yeast colony was found in mango than in longan. This is in line with Ghani et al.
(2011), which reported that mango strains possess the budding ability, which denotes a better growth
rate than strains from longan. Besides that, the total sugar (glucose, fructose, & sucrose) content in
mango and longan may enhance the yeast's growth since yeast utilizes sugar for energy. Yeasts grow
well in solutions containing 40% sugar and are relatively tolerant of high sugar concentrations (Battcock
& Azam-Ali, 1998). The sugar content of mango is approximately 15 — 30% (Wongkaew et al., 2021) and
60 - 70% of longan (Cheng et al., 2018). Ramirez-Castrillon et al. (2019) also identified a few genera
of yeast isolated from mangoes, such as the genus Hanseniaspora, genus Clavispora, and genus
Meyerozyma. Therefore, the yeast colony was higher in the IMO inoculants with mango and longan
than in the controls.

Fig. 1. Yeast colony on the YGC agar plates.

Effects of IMO inoculants on physical analyses of okra

Plants treated with IMO M, significantly showed the tallest (64 cm) among all other treated
plants (Figure 2(a)). This was followed by the plants treated with IMO L, (55 cm), IMO M, (50 cm), IMO
C (44 cm), negative control (40 cm), and IMO L, (28 cm). For root length, plants treated with IMO M1
also showed the longest (58 cm), followed by IMO C, IMO L,, negative control, IMO L, and IMO M,
(Figure 2(b)). Similar observations were reported by Suryantini and Rahmiana (2021). Okra harvested
from plants treated with IMO M, was the highest (24 okra pods), followed by IMO L, (22) pods, IMO
M, (14 pods), IMO C (13), negative control (13), and IMO L, (10 pods). The first okra was produced by
plants treated with IMO M, and was harvested in week 7, followed by all plants treated with other IMO
inoculants in week 8 and negative control in week 10. Typically, okra plants produce large flowers about
8 weeks after planting, and three to four days after such period, the okra pods are ready to be harvested.
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Fig. 2. Physical analysis of okra (a) Plant height (b) Root Length.

Taller plants, longer roots, and faster harvesting time treated with IMO inoculants may result
in synergistic effects from the different groups of beneficial microorganisms in the IMO inoculants that
can accelerate the breakdown of organic substances into nutrients used by plants. For example, yeasts
can work as bio-agents of plant growth-promoting by elevating the production of indole acetic acid,
cytokine, and 1-aminocyclopropane-1-carboxylate deaminase, and preventing the growth of plant-
pathogen (Gava et al., 2018; Mukherjee et al., 2020). As a result, yeast improved plant vigor and nutrition
during the early growth phase (Lonhienne et al., 2014). In addition, lactic acid can solubilize phosphate
(Lamont et al., 2017). Meanwhile, photosynthetic bacteria produce various chemicals that can induce
plant systemic resistance (Su et al., 2017). Therefore, okra treated with IMO inoculants, especially IMO
M,, showed taller plants and longer roots than the control.

Effects of IMO inoculants on mineral content properties of soil

The mineral content of the soil before and after the IMO treatment is presented in Figure 3.
Even though not all treatments were significant, the potassium and calcium were increased after the
treatment of IMO inoculants. However, no potassium changes were observed in the IMO C, and a 50%
decrease was experienced in the negative control. Meanwhile, the calcium content increased by 50%
in IMO C and did not change in the negative control. Potassium and calcium are part of the cation
exchange capacity to indicate soil fertility and soil cations for plant growth. Therefore, inoculants, such
as IMO inoculants, favored an accumulation of metal ions, such as potassium and calcium (Talaat et
al., 2015), which can be observed in the study’s result. This observation is also in line with Hashem
et al. (2012), who stated that the application of inoculants would improve soil conditions for microbial
propagation, soil amendment, and increasing potassium and calcium in the soil, even though the effect
may depend on the soil type in question (Olle & Williams, 2013).
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Fig. 3. Chemical analysis in the soil before and after planting okra (a) Potassium (b) Calcium.

CONCLUSION

In this study, the performance of IMO L1, IMO L2, IMO M1, IMO M2, IMO C, and negative control was
evaluated in physical analyses of okra and mineral analyses of soil. IMO M1 showed the potential as
the suitable source of yeast for IMO inoculants. The yeast population in IMO inoculants, particularly in
IMO M1, was higher than the others. This is reflected in the performance of physical analysis, where
IMO M1 showed the tallest plant, the longest root, and the shortest harvesting time. After treatment,
the potassium and calcium in the soil were improved. Therefore, adding the mango or longan as the
alternative source of yeast for IMO inoculants indirectly improved the growth of okra and mineral content.
However the IMO inoculants may also contain some other microorganisms that may have a synergistic
effect on the growth of plants. Therefore, more studies should be done to fill the gap and understand
the mechanisms behind it.
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