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The Effect of Arbuscular Mycorrhizal Tablets
and Sachets on Mineral Content in Aloe vera
Tissue.

ABSTRACT

Aims: This study aims to test the effect of arbuscular mycorrhizal (AM) tablets and sachets
on the mineral nutrient content of Aloe vera (Av) tissue.

Study design:

Place and Duration of Study: This research was conducted on community land around the
Muhammadiyah University of Parepare, South Sulawesi, Indonesia, at an altitude of 37.0
meters above sea level with coordinates 3°59’30” S; 119°38’4 E, between January 2024 and
August 2024..

Methodology: This study used a one-factor Completely Randomized Design with
treatments of AM powder/control, AM sachets, and AM tablets. Observations were made at
the age of 60 days after planting on the variables of the level of colonization of the AM
structure (hyphae, arbuscules, vesicles, and spores), mineral nutrient content in the root,
stem, and leaf tissues of M@

Results: The results showed that the percentage of AM colonization levels was moderate
(10%- 30%) to high (>30%). AM tablets and sachets affected the mineral nutrient content in
plant tissue and were significantly different from AM powder. Thus, AM tablets and sachets
can be recommended to farmers as an easy, environmentally friendly, and sustainable
method of AM application that does not inhibit the symbiotic process between plants and
AM.

Conclusion: AM tablets and sachets did not inhibit the AM colonization process in root
tissue and showed different concentrations of nutrient minerals in the roots, stems, and
leaves of Av..

Keywords: Colonization; dosage form; endomycorrhiza; infection, [iiliCIelaUItON
1. INTRODUCTION

BIGENEIE (Av) belongs to the Liliaceae family and has 548 species. This plant has green,
thick, fleshy, serrated leaves, which contain gel as an essential part of the plant that has
economic value, and latex, consisting of polysaccharides, proteins, amino acids, vitamins,
and anthraquinones (Khajeeyan et al., 2022; Matei et al., 2025; Mensah et al., 2025).

One of the horticultural commodities that is long-lived and drought-resistant is Av. However,
Av can be cultivated in tropical areas and has the potential to be developed in Indonesia
(Jompa et al., 2022), as it has applications in the pharmaceutical, cosmetic, and food
industries (Al-Maamari & Nasser, 2021; Shafara et al., 2023), which can increase farmers'
and the country's income.

Research using Av as an object of observation has been conducted by several researchers
to investigate its potential as a plant growth stimulant, antimicrobial agent, herbal medicine,
and health supplement (Yousaf et al., 2025). In addition, several researchers have also




examined the effects of fertilizers (Chowdhury et al., 2020), hormones (Ahmad et al., 2024;
Atteya et al., 2021), and plant growth on marginal land (Chandel et al., 2025; Fentaw et al.,
2022), as well as farmer planting patterns on the growth and production of
iChandran et al.,, 2022; Mensah et al., 2025). However, information on the effects of
as biofertilizers on the physiological aspects of aloe vera plants

is still very limited.

Physiologically, Av uses the crassulacean acid metabolism (CAM) pathway to bind carbon
dioxide (CO3) during the dark phase of photosynthesis, when the stomata are open at night
(Hogewoning et al., 2021; van Tongerlo et al., 2021). This phenomenon allows the plant to
adapt when soil water availability is insufficient. In addition to the physiological phenomena
required by Av to survive, the role of microorganisms is needed to increase the area of water
absorption by the roots, namely, AM.

(Kuila & Ghosh, 2022; Vieira et al., 2025). consists of hyphae, vesicles, and
arbuscules. Arbuscules are small, tree-like structures that function to exchange nutrients
between fungi and plants, while vesicles are storage structures that form inside root cells.
Hyphae are the part of the fungus that grows in the soil and absorbs nutrients, and helps
spread mycorrhizae (da Silva et al., 2022; Du et al., 2025). According to (Kuila & Ghosh,
2022); (Shi et al., 2021); (Wahab et al., 2023), the role of in symbiosis can significantly
increase the need for phosphorus, nitrogen, and potassium for plants.

The application of AM to various types of terrestrial plants has been carried out by several
farmers using AM propagules. A propagule is a part of a plant or other organism that can be
used for propagation or the spread of the plant or other organism to a hew environment.

(Hljrl & Ba, 2023; Wilkes, 2021). The of AM powder is that sometimes the

2. MATERIAL AND METHODS

This research was conducted in the community land around Muhammadiyah University of
Parepare, South Sulawesi, Indonesia, at an altitude of 37.0 meters above sea level with
coordinates 3°59°30” S; 119°38'4 E.



The study used a one-factor Completely Randomized Design with treatments being AM
powder/control (Al); AM sachet (A2); AM tablet (A3), each treatment was repeated 5 times,
and each repetition consisted of 20 experimental units.

The AM powder is a propagule consisting of spores, pieces of host plant roots, zeolite with a
particle size of 80 mesh, fine sand, and rice husk biochar used in AM spore propagation.
Each plant [WilllBEIGNERIS g of AM powder (Figure 1A).

The AM sachets are made using gauze bags with dimensions of 80-100 mm wide x 90-115
mm long and 4-6 mm thick and have fine pores (average 176.63 um). Each AM sachet
contains 5 g of AM propagules (Figure 1B).

The AM tablets are made using a tablet press made of acrylic and adhesive materials in the
form of triple super phosphate (TSP) and/or clay, each tablet weighs 5-6 g, is 1.5-2 cm high,
has a diameter of 2-2.5 cm and contains 5 g of AM propagules (Figure 1C).

The planting media used consists of soil and compost that have undergone wet sterilization
for 8-9 hours with a ratio of 1:1 (Table 1). The sterile planting media is put into a planter bag
measuring 18 cm x 20 cm. Each planter bag that has been filled with planting media will be
used to plant one EIGENErd seedling and application of AM powder, sachet, or tablet.

Table 1. Analysis of physical and chemical properties of planting media

No Component Value Category [
1 Sand (%) 72

2 Dust (%) 13

3 Clay (%) 15

5 pH (H20) 6.76 Neutral
7  CEC (cmol.kg™) 30.21 High

8 SB (%) 50 Medium
9 N (%) 0.26 Very low
10 P20s (ppm) 21.25 Medium
12 Mg (ppm) 1.85 Very low
13 K (ppm) 0.42 Medium




Observation components were carried out before planting in the planting medium, while on
the main plant, observations were carried out at the age of 60 days after planting, including
the percentage of colonized roots (hyphae, arbuscules, vesicles, and spores). The
mycorrhizal infection was calculated based on the formula (Giovannetti & Mosse, 1980).

) Y. number of root colonized
AM colonized = x 100
Y. number of root observed

The data from the laboratory and field observations were analyzed using Analysis of
Variance based on a Complete Randomized Design, followed by Duncan's Test, using either
Microsoft Excel or the Statistical Package for the Social Sciences (SPSS) application. The
data from the analysis [HillBEIIISPIAYEd in the form of Tables and Figures.

3. RESULTS AND DISCUSSION
3.1 The mycorrhizal infection

The level of colonization in Av roots due to NIANEPPlGatoN had a significant effect (Figure
2d), and the results of observations of the MA structure in Av root tissue found hyphae,
arbuscules, vesicles and spores (Figure 2a and b) in the epidermis tissue with a percentage
level of colonization that is classified as moderate (10% -30%) to high (>30%) (Figure 2c). It
is suspected that Av can create a favorable rhizosphere environment for the growth and
development of MA, allowing MA powder, sachets, and tablets to infect roots effectively.
Ahmad et al., (2023) stated in a previous study that the form of MA preparations (MA tablets
and sachets) did not affect the performance of MA in stimulating the growth of Puraria
javanica, as measured by root length and volume. However, the Duncan test revealed that
MA sachets resulted in a higher level of colonization and were significantly different from the
levels of colonization observed with MA powder and tablets (Figure 2d). The development of
MA structures in Av root tissue resulting from the application of MA sachets shows the
development of more MA structures, this is probably caused by the relatively small number
of MA spores lost, as a result of being washed away by the water flow when watering the
plants because the sachet material blocks them. Apart from that, the remaining spores will
germinate, colonize, and undergo further growth and structural development within the
epidermal tissue.

Several AM experts have found that AM colonization and symbiosis are facilitated through
biochemical communication between AM in the rhizosphere and the host plant's roots
(Boyno & Demir, 2022; Wahab et al., 2023). AM fungi will release myc enzymes that can be
recognized by receptors, which have the potential to activate the symbiotic signaling
pathway between AM and roots (Crosino & Genre, 2022; He et al., 2024). Strigolactone
compounds released by host roots can induce AM spore germination and hyphal growth
towards the origins of the host plant (Naz et al., 2025; Pina-Torres et al., 2023). After the AM
hyphae reach the root surface, the AM hyphae will form hyphopodia (Bortolot et al., 2024;
Prasetya et al., 2024). Furthermore, the AM hyphae then enter and grow between root cells
and finally create a branched structure called an arbuscule in the cortex cell tissue (Bortolot
et al., 2024; Chaudhary et al., 2025). Branched arbuscules provide a large surface area for
nutrient exchange. Mineral nutrients such as phosphorus (P) and nitrogen (N) are
transported from the AM fungus to the host plant through the symbiotic interface (Luo et al.,
2023; Rui et al., 2022; Wahab et al., 2023).
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Fig 2. Development of AM structures in root tissue (A, B), colonization level of each
AM structure (C), and total AM colonization level (D) in AM powder, sachet, and tablet
(H, Hypha; A, Arbuscula; V, Vesicle; S, Spore).

3.2 Mineral nutrients in plant tissue

The mineral nutrient content in Av tissue is affected by AM application, where the mineral
content of N and P is more dominantly found in Av tissue that is applied with AM tablets. The
effect of AM tablets is significantly different from the effect of AM powder and sachets on the
mineral nutrient content of N, P, and K in Av tissue (Figure 3A). Figures 3B, C, and D show
that the application of AM tablets tends to increase the N and P content in Av leaves. This is
thought to be due to the proximity of the AM spores in the tablets and the Av root area,
which is not far apart, allowing for a faster colonization process that immediately facilitates
the absorption of N and P through AM hyphae and Av roots. According to Kumar & Tapwal,
(2022) and Salim et al., (2020), the distance between AM spores and roots is a key factor in
determining the speed of colonization. The closer the spores are to the roots, the faster the
mycorrhiza can colonize the roots, the hyphal network formed from AM spores will expand
the area of nutrient absorption by plants (Cargill et al., 2025; Khaliq et al., 2022). Rui et al.,
(2022) and Zhang et al., (2021) added that roots colonized by AM have two nutrient
absorption pathways, namely directly via the root epidermis tissue and root hairs (direct
path) and indirectly through the transfer of external AM hyphae into root cortex cells (Luo et
al., 2023; Wahab et al., 2023), where the arbuscules provide a symbiotic interface
(mycorrhizal pathway) (Ho-Plagaro & Garcia-Garrido, 2022; Nguyen & Saito, 2021).
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Fig 3. Mineral nutrient content of N, P, and K in Av tissue due to application of Nil§
powder, sachets, and tablets.




4. CONCLUSION
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