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Abstract. Red spinach (Amaranthus tricolor L) contains vitamins (A, B2,
B6, K, and folate), proteins, carbohydrates, fats, minerals, fiber, iron,
magnesium, manganese, potassium, and calcium. Red spinach also contain
anthocyanins (red pigments) that function as antioxidants to prevent free
radical oxidation. The use of biofertilizers can give benefits to the soil and
plants. Mycorrhizal fungi can be used as a type of biological fertilizer. The
application of arbuscular mycorrhizal fungi (AMF) in powder dosage forms
can help the growth of plants. However, this dosage form has disadvantages,
so a study is needed to determine the effectiveness of AMF in various dosage
forms. This study applied the Latin Square Design (LSD), with three
treatments of AMF propagule dosage forms, namely: tablets, sachets, and
powders, without AMF application as a comparison/control. The results
showed that the effectiveness of AMF propagule in dosage form sachets
provided a reasonable infection rate with fertile plant growth and harvest
index value was not significantly different from other dosage forms, due to
the attack of plant-disturbing organisms before harvest. So, further research
is needed to determine the effect of the AMF propagule dosage form in
physiological review without invasion of plant-disturbing organisms.

1 Introduction

Spinach (Amaranthus sp.) is a vegetable plant originating from the Americas and now this
plant is spread throughout the world. Spinach is generally used as a culinary dish, such as
vegetables and chips [1, 2]. Red spinach (Amaranthus tricolor L) contains many vitamins (A,
B2, B6, K, and folate), protein, carbohydrates, fat, minerals, fiber, iron, magnesium,
manganese, potassium, and calcium [3, 4]. Red spinach contains anthocyanins (red pigments)
which act as antioxidants to prevent free radical oxidation [5, 6].
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The use of biofertilizers can provide benefits to the soil and plants. Biofertilizers are live
microorganisms that are added to the soil as inoculants to facilitate or provide nutrients for
plants [7, 8]. One type of biofertilizer that can be used is mycorrhizal [9, 10]. The use of
mycorrhizae as biological fertilizer can be used as an alternative to avoid soil damage due to
the use of inorganic fertilizers [11, 12] and increase the efficiency of nutrient absorption [13,
14].

Mycorrhizae are organisms from a group of fungi that form a symbiotic relationship of
mutualism between fungi and plant roots [15, 16]. Mycorrhizac have great potential as
biological fertilizers because mycorrhizae are microorganisms that have a very important role
for plants, namely facilitating the absorption of nutrients in the soil to increase plant growth
[13, 14], as a biological barrier against root pathogen infection [17, 18], increasing water
availability for plants [19], and increasing production growth hormones such as auxins,
cytokinins, and gibberellins for their host plants [20, 21]. In addition, mycorrhizae are also
able to adapt to extreme environments, especially in marginal soils such as dry areas, low
pH, acid soils, and soil contaminated with heavy metals [22, 23].

The application of AMF propagule in powder dosage form has long been used by farmers,
but this dosage form has several drawbacks, including having inconsistent application doses
and allowing loss of spores due to wind and rain. Therefore, it is necessary to innovate the
AMF propagule dosage form which has an infection rate greater than 50%.

The technology for the AMF propagule dosage form which is packaged in a simple,
practical, and applicable form is still very limited. Commercially, AMF dosage forms and
storage are more attractive, easy to do, and controlled in quantity and quality, so research is
needed to study the effect of AMF propagule in dosage forms different on red spinach, which
is also the purpose of this study.

2 Research methods

The research was conducted in the village of Bukit Harapan, the city of Parepare, Indonesia,
at the coordinates of 3°59'30,264" S; 119°38'42,996" E. This experimental form is based on
Latin square design (LSD) with 4 treatments, namely MA in tablet, sachet, powder, and
without mycorrhizal application (control). Each dosage form contains 5 g of AMF propagule.
An organic adhesive is needed to make tablet dosage form, while organic bags that are readily
biodegradable is needed for the sachet’s dosage form.

Parameters observed were plant height, leaves number, plant dry weight, harvest index,
and level of AMF colonization on roots of red spinach. To estimate the harvest index, the
used of formula comparison of the economic weight/leave weight (BE) with the biological
weight/root, stem, and leave (BB), or calculated using the formula: BE/BB [24, 25].

The preparation of roots of red spinach infected with MA was carried out at the
Biotechnology Laboratory of the Makassar Environmental and Forestry Research and
Development Center (BP2LHK Makassar). The percentage of root infection was calculated
based on the number of all observed roots and followed the formula in Equation.1 [26].
Observational data were analyzed using the F test and the mean value and shown in the bar
chart.

Y. infected root area

% AM Fungi colonization = X 100% )

Y total area of the roots observed

3 Results and discussion

Results of variance analysis showed that AMF propagule dosage form gave the effect of
insignificant to significant on each age of plant vegetative growth. Figures 1a and 1b, show
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that the AMF propagule dosage form significantly affected the height and leaves a number
of red spinaches at the beginning of growth (14 to 21 days after planting/DAP) and had no
significant effect at the age of 28 to 42 DAP, it was suspected that the mutualistic symbiosis
between mycorrhizae and plant roots had been well established at the age of 14 DAP so that
the plants experienced fertile growth. According to Molinari et al. [27] and Oliveira et al.
[28] mycorrhizal infection can occur after 7 days after being inoculated, so a mutualistic
symbiotic relationship can occur.
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Fig. 1. Average values of the height (a) and leaves number (b) of red spinach given different MA
propagule dosage forms.

The effect caused by plants with growth that is too fertile is the incident of caterpillar
attacks on plant shoots and leaves so that plants experience abnormal growth at the age of 21
DAP, especially in plants that receive AMF propagule treatment in different dosage forms,
so that plants experience growth slow and tends to stagnate which causes plant growth to
tend to be uniform so that the results of the analysis of variance for ages 21 to 42 DAP have
no significant effect. According to Biswas et al. [29] and Sedo et al. [30] plants that are too
fertile can have soft leaf tissue easily attacked by pests and plant diseases.

1,40 0,90

1,20

a b
,i, Ja'_ 7i7 L 0,80 3 ; ’
‘ —— b
0,80 : —
0,70
0,60
0,40 o,
0,20
0,00 - . - 0 - - -

Tablet Sachet Tablet Sachet Powder
Treatments

E

Leaf dry weight (g)
Harvest index
3

3

Control Powder Control

Treatments

Fig. 2. Average values of leaf dry weight (a) and harvest index (b) of red spinach given different
AMF propagule dosage forms.

Result of variance for leaf dry weight showed that the treatment of AMF propagule in
different dosage forms had no significant effect on leaf dry weight of red spinach (Figure 2a),
this was because after the plant experienced fewer leaves due to pest attack, so the plant had
leaf dry weight lighter and uniform. However, in Figure 2 it is shown that the harvest index
value is influenced by the propagule AMF in different dosage forms. However, the average
value indicates that red spinach receiving AMF propagule treatment tends to be higher and
significantly different if compared to the control plants.

The dry weight of plants was not sufficient to show the effectiveness of the AMF
propagule dosage form treatment at shaping plant growth, so the use of the harvest index (HI)
as an indicator of the ability to spread assimilate by plants to their economic parts needed to
be done. The average of HI is generally below 1 which indicates that the harvested plant parts
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(leaves) tend to be less than the unharvested plant parts (stems and roots), this is because
some parts of the plant leaves have been attacked by caterpillars and insects thus reducing
the ability plants to produce assimilate. According to Porker et al. [31] and Suminarti and
Susanto [32] harvest index (HI) is the ability of plants to transmit assimilate, if the harvest
index is high (>1), then the distribution of assimilation results is greater to the harvested
economic organs, contrary if the harvest index is low (<1), the assimilation to the economic
organs is smaller. Furthermore Adijaya et al. [33] and Alemu [34] stated that the harvest
index describes the ratio of photosynthate translocated to the harvested plant part (leaves,
tubers, or seeds). According to Rubatzky and Yamaguchi [35] and [36] that the longer the
harvest age of a plant, the lower the harvest index, this is because increasingly plant organs
are succulent, hardened, and fibrous. However, the parts harvested in the form of stems and
leaves have a heavyweight. So, the younger the harvest age of a plant, the higher the harvest
index, and the older the harvest age of a plant, the lower the harvest index.
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Figure 3. Average value of colonization rate (a) and cross-section of roots infected with hyphae (b)
AMF in different dosage forms.

The AMF colonization rate on red spinach roots showed a significant difference with the
use of AMF propagule in different dosage forms (Figure 3a), AMF propagule in sachet
dosage form gave better infection results than in other dosage forms. This was possible
because the spores contained in the sachets dosage form are not reduced by water splash or
wind blow, so it is more effective in carrying out infections on the red spinach roots. The
AMEF part which carried out infections was dominantly by the AMF internal hyphae (Figure
3b). This is possible because the assimilate supply from the host plant as an energy source is
reduced due to biotic attack so that the development of spores in plant root tissues is
hampered.

4 Conclusion

The performance of AMF propagule in sachets dosage form showed a better infection rate
with the growth of red spinach which was more fertile at the beginning of planting, but the
harvest index value obtained was more uniform due to the attack of pest organisms before
harvesting age.
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