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The effect of arbuscular mycorrhizal fungus on
morphological characters and yield of cayenne
pepper (Capsicum frutescens L.)
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Abstract. Fluctuations in cayenne pepper (Capsicum frutescens L.) yields
are often a contributs to inflation in North Maluku. The addition of
Mycorrhiza Arbuscular Fungus (AMF) can optimize the production of C.
frutescens to suppress production fluctuations. The study aimed to determine
the best dose of AMF for the growth and yield of C. frutescens. The research
was conducted from April to October 2020 at AIAT North Maluku
greenhouse. The study was arranged using Completely Randomized Design.
Five level dosages of AMF were 0.0, 3.0, 6.0, 9.0 and 12.0 g per plant. Each
treatment was repeated four times. The results showed that the application
of AMF increased plant height, number of leaves, yield, and fruit weight of
Capsicum frutescens. AMF treatment at a dosage of 9 g/plant gave the
highest yields on the number of fruits (50.39 pcs), fruit weight (36.79 g),
root length (89 cm), root wet weight (87.5 g), and infection mycorrhizae
(94%). The dosage of AMF 9 g/plant had a significant effect (P<0.05) on the
number and weight of C. frutescens fruit, length and weight of wet roots,
and the percentage of mycorrhizal infection. The research implication is that
the optimal dose of AMF can be a biological stimulating agent to increase
plant growth and yield.

1 Introduction

Cayenne pepper (Capsicum frutescens L.) is a commodity where the supply and demand in
the North Maluku market are often unbalanced, triggering high prices and contributing to
inflation [1]. The limited availability of C. frutescens in the market is also due to low yields
at the farmer’s level. The planting area of C. frutescens in North Maluku in 2018 was around
2,133 ha, while the production was 4,661 tons [2]. Up to now C. frutescens cultivation has
not been managed optimally, even though the growth of C. frufescens plants is highly
dependent on the availability of nutrients [3] and effectiveness of production inputs [4].
AMF is a biological fertilizer containing live mycorrhizal spores and propagules in a
mutualistic symbiosis with plant roots. According to Basu et al. [5] the relationship between
plants and fungi is described as a reciprocal relationship where carbohydrates are supplied
by plants for fungal metabolic activities while plants are supplied with nutrients and water
by fungi for growth so that the relationship between fungi and plants is a mutually beneficial
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symbiotic association. Cysteine-rich mycorrhizal protein (MISSP7) plays an important role
in facilitating reciprocal interactions between mycorrhizal fungi and host plants [6]. The
provision of AMF in addition to having a positive impact on plant growth can also increase
resistance to drought and soil-borne pathogens [7].

The benefits of AMF on C. frutescens plants in North Maluku are still very limited.
Therefore, this study is very important with the aim of knowing the best dosage of AMF for
the optimum growth and highest yield of C. frutescens.

2 Materials and methods

The research was carried out in the North Maluku AIAT greenhouse, Kusu Village, North
Oba District, Tidore Islands City, North Maluku from June to October 2020. The study was
arranged using completely randomized design with five treatments and four replications. The
variety of C. frutescens used in this experiment was CF 291. The soil used as a planting
medium has a low nutrient content based on analysis [8]. Soil (6 kg/polybag) mixed with
goat manure as much as 2 kg per polybag (20x25 cm) as a planting medium.

AMF treatment of five dosages, i.e. MO = 0.0 g/plant, M1 = 3.0 g/plant, M2 = 6.0 g/plant,
M3 =9.0 g/plant and M4 = 12.0 g/plant applied before the seedlings transplanted to polybags.
The AMF applied was in the form of zeolite granules containing five species of
endomycorrhizae. The age of C. frutescens seedlings when transferred to polybags is 30 days.
Fertilization following the recommendation is to use NPK (16:16:16) at a dosage of 10 g/l of
water then mixture was applied as much as 200 ml/plant at 10-day intervals [9]. Pest and
disease control is carried out physically (use a paintbrush to remove aphids on the leaves and
shoots of the plant and scissors to remove any rotting parts of the stems).

Observation of morphological characters of C. frutescens (n=60) consisted of plant height
and number of leaves measured eight times manually with an interval of once a week.
Observation begins on April 27, 2020 or one week after planting. Likewise, the number of
fresh fruit, the number of rotten fruit, and the weight of fresh fruit were observed in 13
harvests with an interval of once a week. Root length, wet root weight, and observation
mycorrhizal infection based on clearing and staining technique following the method of
Kormanik and Mc Grow [10]. Morphological characters observation data and yields were
processed by descriptive analysis and analysis of variance (ANOVA) and Least Significance
Different (LSD) test.

3 Results and discussion

3.1 Plant height and number of leaves

Cayenne pepper plant height shows an increase with increasing plant age (Figure 1). Plant
height shows an exponential growth trend, from the initial measurement to the end. Plants
treated with AMF and control both showed a similar growth trend in plant height (Figure 1).

The application of the same manure and inorganic fertilizer as recommended on plants
with different AMF treatments has not resulted in a significant difference (non-significant)
(Table 1). This indicates that although the plants were given five different AMF treatments,
each of them received sufficient food. Statistically it did not show any difference, but it can
be seen that the treatment of 9 g/plant was the best compared to other treatments including
the treatment of 0 g/plant which produced the lowest plant height (Table 1). Without AMF,
plant height growth is not optimal because the uptake of available nutrients cannot be
optimally absorbed by plant roots.
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AMF in untreated C. frutescens plants (M0) can come from the soil where they grow and
can have a positive impact on plants even though they are not as effective as those treated.
The results of the study conducted by Astiko et al. [7] proved that the application of AMF
played a an important role in improving the quality of the growing media and the absorption
of nutrients N, P, K, Ca, and microelements by plant roots. According to Halis et al. [11],
plant height was strongly influenced by the dosage of AMF.

The provision of balanced fertilization can affect plant growth. The amount of nutrient N
that is available and absorbed by the roots will affect root and stem biomass and plant height
[10,12], while the element P plays a very important role in the process of cell division,
reproduction, metabolism, acquisition, storage, and use of energy [13]. If there is a
deficiency of N, the plant height, root diameter, chlorophyll, and carotene content will be
lower [13].

The number of leaves from all AMF treatments also showed a similar trend (Figure 2).
Even though all the AMF treatments did not show any difference, the dose of 9 g/plant was
the best treatment (Table 1). Giving AMF with the highest dosage (12 g / plant) turned out
to be high-yielding plants that are better than 0 g / plant. The number of leaves is closely
related to leaf area, where the more the number of leaves, the larger the leaf area. If the
availability of N is absorbed by AMF, it can affect leaf size because N is an important element
in the formation of chlorophyll, protoplasm, protein, and nucleic acids [14]. So, at a dosage
of 9 g/plant that produced the highest number of leaves, chlorophyll, protoplasm, protein,
and nucleic acids were formed optimally.

This is closely related to the performance of AMF, as stated by McFarland et al. [15], that
more than 50% of plant N needs are supplied by mycorrhizal associations and the increase in
plant dry weight is influenced by vegetative growth of the plant itself such as plant height
and leaf area. The same thing was conveyed by Nurhayati [16], that mycorrhizae were able
to increase the dry weight of rice plants by two times compared to rice without mycorrhizae.
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3.2 The yields and weight of capsicum frutescenss

The number of C. frutescens produced in 13 harvests fluctuates (Figure 3), almost the same
thing happened to the weight of the fruit (Figure 4). The peak yield and the highest fruit
weight were achieved at the 10th harvest (AMF dose 9 g/plant), after which it began to
decline until the 13th harvest.

The application of AMF with different doses resulted in a significant difference (P<0.05)
between treatments (Table 1). The dose of 9 g/plant was the best treatment and produced the
highest number and weight of C. frutescens. At this dose, nutrient uptake by roots in soils
with low nutrient content is optimal because according to Garg et al. [17] AMF can help
expand the functionality of the root system in obtaining nutrients on degraded land and
increase plant growth despite low soil fertility.

The harvesting process is closely related to the ability of AMF to absorb nutrients,
especially P, which according to Bucking et al. [18], and Parihar et al. [19] orthophosphate
or inorganic phosphate transporter (Pi) present in AMF Glomus versiformis can explore
nutrient phosphate (P) through mycelium (hyphae) and deliver it to plant cortical cells. The
small diameter of the AMF hyphae penetrates the soil core to find and store P in the form of
polyphosphate which allows AMF to maintain a lower Pi concentration and then more
efficient P transfer, production, and secretion of acid phosphatase and organic acids that play
arole in the release of P from organic complexes.

Table 1. Analysis of vegetative and generative growth of Capsicum frutescens

Plant Number of Number of Fruit Number of
No. | Treatment | height leaves (blade/ | fruits per plant weight rotten fruits per

(cm) plant) (fruit) (g/plant) plant (fruit)
1. MO 62.55a 88.34 a 34.75 ab 22970 442 a
2. M1 6433 a 9133 a 30.17b 19.14b 395a
3. M2 63.17 a 8525a 26390 17.23b 3.17a
4. M3 6721 a 96.42 a 50.39a 36.79 a 1.05a
5 M4 63.50 a 86.75a 26.50b 17.74b 3.67a
CV (%) 17,19 16,57 18,05 17,22 13,63

Mean which are not significantly different are followed by the same number (significance level at LSD
5%)

The number of rotten fruit from each AMF treatment showed no significant difference
(P<0,05). Based on the observation of the symptoms of disease attack on the fruit, it is
possible that the pathogen that attacks the fruit is Collethotrichum spp. with an average range
of 1-4 rotten fruit per plant (Table 1) The average percentage of rotten fruit ranged from 2.04
(9 g/plant) to 11.28% (0 g/plant).

The role of AMF as an agent that helps the formation of plant resistance to pathogen
attack is seen in the treatment dose of 9 g/plant, which according to Dwivedi et al. [20]
Youssef and Eissa [21], in addition to increasing the root surface area so that it plays an
important role in the process of absorption of nutrients from the soil, AMF (endomycorrhiza
type) can increase plant resistance to pests and diseases. The AMF is present in >86% of
plant species and when the hyphae penetrate the cortical cells of the plant roots, they form
intracellular arbuscular [22]. This structure will help the formation of plant resistance through
the synthesis of phenolic compounds and others. In addition, AMF can also facilitate the
detoxification of organic and inorganic soil pollutants that can harm crop productivity [23].
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3.3 Analysis of the Root Components

Measurement of the roots of cayenne pepper plants is important to do to find out whether
there is colonization or infection with AMF. The length and root weight of capsicum
frutescens was affected by the application of AMF, where at a dose of 9 g/plant IMA
produced the highest root length, wet root weight, and mycorrhizal infection (Table 2). The
results of this study are by the statement Youssef et al. [21] which states that AMF can
increase the growth of plant root systems. AMF hyphae also increase the absorption of
phosphorus (P) and other nutrients and increase root and shoot length [24]. Application of
AMF 4 g/plant and 6 g NPK fertilizer increased root surface, root length, root wet weight,
and nitrate reductase activity [25].

Table 2. Description of the root components of Capsicum frutescens

Root length | Root wet weight | Mycorrhizal infection

No. | Treatment (cm) # (2 ¢ yof the roots (%)
1. MO 50b 32.5b 21l c
2. M1 61b 50b 73 ab
3. M2 49 b 40b 28 ¢
4. M3 89 a 87.5a 94 a
5 M4 77 ab 54 b 44 be
CV (%) 15,29 17,91 18,76

Mean which are not significantly different are followed by the same number (significance level at LSD
5%)

In the roots of capsicum frutescens, AMF infection was found from 21% (0 g/plant) to
94%. (9 g/plant) (Table 2). This indicates that there has been an association between AMF
and the roots of capsicum frutescenss (Figure 5). There are six genera of fungi that have been
shown to form mycorrhizal associations with plant roots, namely Glomus, Acaulospora,
Gigaspora, Sclerocystis, Entrophospora, and Scutellospora (Sullia) [26]. Of the six AMF
genera commonly found associated with plant roots, namely Glomus sp. This assumption is
based on information that about 60-70% of JMA species Glomus sp. infect plant roots.

>

. i
Fig. 5. Mycorrhizal infection of the roots capsicum frutescens ; internal hyphae (hyphae formed within
the root tissue) are indicated by red arrows

4 Conclusions

The application of AMF at a dose of 9 g/plant can optimize plant height, number of leaves,
number of fruits, fruit weight and suppress the amount of fruit rot of capsicum frutescens. A
dose of 9 g/plant AMF can also increase root length, root wet weight and the percentage of
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plant root infection. The research implication is that the optimal dose of AMF can be a
biological stimulating agent to increase plant growth and yield.
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