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Abstract

Sacha Inchi (Plukenetia volubilis L.) bean cultivation needs to be developed considering its enormous benefits and potential.
One of the ways that can be done to develop the cultivation is by utilizing mycorrhiza. Research on the exploration of the
distribution of mycorrhiza in various types of land such as corn, sugar, palm, and tobacco fields has been done, but research on
the distribution of mycorrhiza in Sacha Inchi bean agroforestry with various stands has never been done. This research aimed
to collect data on the density of mycorrhizal spores in Sacha Inchi bean agroforestry. The methods used were survey and
laboratory analysis. Samples were taken from four types of agroforestry land based on soil depth, namely 0-10 cm, 11-20 cm,
and 21-30 cm and each treatment were repeated 3 times. Analysis of mycorrhizal spore density was done by using wet
filtration and centrifugation techniques. The results showed there were 242 spores 100 g of soil on teak and Sacha Inchi land,
77 spores 100 g* of soil on teak monoculture land, 126 spores 100 g* of soil on mixed land, and 53 spores 100 g™ of soil on
Sacha Inchi monoculture land. Based on the density of mycorrhizal spores, it is known that the spore density on Sacha Inchi
planted in monoculture is the lowest compared to the Sacha Inchi planted with other plants. Mycorrhizal species that
dominated in the four types of agroforestry land were Glomus and Acaulospora.

Editor: Arshad Javaid
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Introduction Group (FFG) to cultivate Sacha Inchi beans through an
agroforestry system as an effort to manage the forest
Sacha Inchi bean is a promising crop commodity that has sustainably. To obtain better quality Sacha Inchi beans, it is
the potential to be developed. This plant is shaped like a needed to improve the cultivation techniques, one of which
green star which when ripe will turn blackish brown, is the use of mycorrhiza, so it is necessary to know the
contains dark brown oval seeds, is slightly enlarged in the density of mycorrhizal spores in the Banyurip Village
center, and shrinks towards the edges (Arkha and Halimah Forest through this research.
2023). Sacha Inchi nuts contain 9.6% omega 9, 36.8% Mycorrhiza is an association between fungi that can
omega 6 and 45.2% omega 3, which are very beneficial for form symbiotic association with plant roots (Javaid and
the body (Nisa et al. 2017). The many benefits possessed Khan 2019). Mycorrhizae that are symbiotic with plant
by Sacha Inchi beans make it referred to as a superfood, so roots are able to increase water and nutrient uptake, help
efforts are needed to support the cultivation of this plant, plant growth, protect plants, and increase plant yields
one of which is the use of mycorrhiza. Mycorrhizae that are (Javaid 2009; Basri 2018). Mycorrhiza plays a role in
naturally found in the soil can not only support plant maintaining plant stability, maintaining plant diversity, and

growth, but also maintain environmental quality, especially increasing productivity. Mycorrhiza has a long and fine
soil structure. Mycorrhiza can help improve soil structure, hyphal structure that is able to travel into the soil to absorb
carbon transportation in the roots, and overcome soil water, and micro and macro nutrients (Purba and Prasetya
fertility degradation (Sittadewi 2021). 2021). In addition, mycorrhizal fungi also help in nitrogen

Banyurip Village is a place in Indonesia with a large fixation in legumes and phytoremediation (Javaid 2010,
forest area. This forest is utilized by the local Forest Farmer 2011). Previous research showed that the density of
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mycorrhizal spores in the rhizosphere of tuber plants under
suren, bitti, candlenut, and teak was 1-22 spores 50 g of
soil (Prayudyaningsih and Nursyamsi 2015). Another study
on the exploration of spore density also showed that the
density of mycorrhizal spores in coffee and durian
agroforestry was 102.2 spores 100 g of soil (Nugroho and
Prasetya 2023). Research on the distribution of
mycorrhizas in Sacha Inchi bean agroforestry with various
stands (teak and emponies) has never been done. Therefore,
this research aimed to collect data on the density of
mycorrhiza in Sacha Inchi bean agroforestry with various
stands (teak and Sacha Inchi) where this data can later be
used to help the development of Sacha Inchi bean
cultivation.

Materials and Methods
Time and place

Research was carried out from May to October 2023.
Sampling was conducted on Sacha Inchi bean agroforestry
land in Banyurip Village, Jenar District, Sragen Regency,
Central Java Province, Indonesia. The types of agroforestry
land used in this study were teak and Sacha Inchi
agroforestry land; teak monoculture land; teak, Sacha Inchi,
emponies agroforestry land and Sacha Inchi monoculture
land. Laboratory analysis was carried out at the Soil Biology
and Biotechnology Laboratory and Soil Chemistry and
Fertility Laboratory, Faculty of Agriculture, Sebelas Maret
University.

Materials and tools

Materials and tools used in the isolation of mycorrhizal
spores are 100 g of soil samples, water, analytical scales,
multistage sieves (45 um, 90 um and 120 um), pipettes,
centrifuge tubes, centrifuge, 60% glucose solution, beaker
glass, small funnel, filter paper, petridish, preparation glass
and microscope.

Research method

The type of research conducted was exploratory descriptive
research to determine the influence of the types of
agroforestry and soil depth on the density of mycorrhizal
spores. Quantitative observations were made using a
factorial experimental design with the basic design was
completely randomized design.

Soil sampling

Soil sampling was carried out using the Stratified Purposive
Sampling method on four types of land, namely teak and
Sacha Inchi agroforestry land; teak monoculture land; teak,
Sacha Inchi, emponies agroforestry land and Sacha Inchi
monoculture land based on soil depth, namely 0-10 cm, 11—

20 cm and 21-30 cm. Each depth was repeated 3 times so
that 36 soil samples were obtained.

Isolation of mycorrhiza

Isolation of mycorrhizal spores was carried out by wet
filtration  (Gerdemann and Nicolson 1963) and
centrifugation (referring to the centrifugation method of
Brundrett et al. 1999). Isolation of mycorrhizal spores began
with mixing soil and water samples in a ratio of 1:5 and then
filtered in stages. The last filtered soil was then transferred
into a centrifuge tube and given 60% glucose solution and
then centrifuged at 3000 rpm for 5 min. Spores floating on
the centrifugation results were taken and filtered using filter
paper so that the spores would be left on the filter paper.
Spores left on the filter paper were then counted for the
density of mycorrhizal spores.

Soil analysis

Analysis of soil chemical properties includes pH using
electrometric method (Rosariastuti et al. 2018), moisture
content using gravimetric method (Wang and Shi 2019),
organic carbon using Walkley & Black method (Rosariastuti
et al. 2018), phosphorus availability using Olsen method
(Effendy and Wijayani 2011), and potassium availability
using extraction of NHsOAc 1 N pH 7 method (Bilias and
Barbayiannis 2019).

Data analysis

Data analysis was carried out statistically using the Analysis
of Variance (ANOVA) to determine the diversity, if it
showed a significant effect (P < 0.05) then continued with
the Duncan's Multiple Range Test (DMRT) at the 5% level.
The next data analysis was a correlation analysis to
determine the relationship of chemical properties (soil pH,
soil moisture content, soil organic carbon, soil phosphorus
availability and soil potassium availability) to mycorrhizal
spore density.

Results

Mycorrhizal spore several

agroforestry land

density in types of

The results of mycorrhizal spore isolation in Sacha Inchi
bean agroforestry soil samples showed different amounts.
ANOVA showed that type of agroforestry land had a very
significant effect on mycorrhizal spore density (P < 0.05).
Soil depth had no significant effect on mycorrhizal spore
density and there was no interaction between type of
agroforestry land and soil depth on mycorrhizal spore
density.

Based on Fig. 1, it can be seen that the density of
mycorrhizal spores from the highest to the lowest were in
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teak and Sacha Inchi agroforestry land which was 242
spores 100 g*' of soil; teak, Sacha Inchi, emponies
agroforestry land which was 126 spores 100 g™* of soil; teak
monoculture land which was 77 spores 100 g of soil; and
Sacha Inchi monoculture land which was 53 spores 100 g*
of soil.

Soil chemical characteristics in several types of
agroforestry land

Soil pH: Laboratory analysis results showed soil on the four
types of agroforestry land at each depth had a neutral to
slightly alkaline pH. ANOVA showed that type of
agroforestry land and soil depth had a very significant effect
on soil pH (P <0.05), but there was no interaction between
the two on soil pH.

Based on Fig. 2, it can be seen that soil pH from the

lowest was in teak and Sacha Inchi agroforestry land was
7.51; teak, Sacha Inchi, emponies agroforestry land was
7.64; teak monoculture land was 7.69 and Sacha Inchi
monoculture land was 7.71. All of the lands are classified as
suitable and can support the growth of Sacha Inchi beans
because Sacha Inchi bean plants can grow optimally on soils
with neutral pH. Based on Fig. 3, it can be seen that soil pH
from the lowest was at the depth of 11-20 cm (7.58), 1-10
cm (7.59) and 21-30 cm (7.74). Based on the depth of the
soil, the pH at a depth of 21-30 was 16% higher than 1-20
cm.
Soil moisture content: The analysis showed that soil
moisture content for the four types of agroforestry land was
in the range of 6-10%. ANOVA showed that type of
agroforestry land had a very significant effect on soil
moisture (P < 0.05), but soil depth had no significant effect
on soil moisture content so that differences in soil depth did
not produce significant differences in soil moisture content.
There was no interaction between type of agroforestry land
and soil depth on soil moisture content.

A high percentage of soil moisture content indicates

that the available water in the soil was also high. Based on
Fig. 4, soil moisture content in teak dan Sacha Inchi
agroforestry land and teak, Sacha Inchi, emponies
agroforestry land were not significantly different. The
highest percentage of soil moisture content was in Sacha
Inchi monoculture land (10.39%), followed by teak and
Sacha Inchi agroforestry land (8.73%); teak, Sacha Inchi,
and emponies agroforestry land (8.31%) and teak
monoculture land (6.06%).
Organic carbon: ANOVA showed that type of agroforestry
land and soil depth had a very significant effect on soil
orgaic carbon (P < 0.05). In the analysis of soil organic
carbon data, there was an interaction between type of
agroforestry land and soil depth on soil organic carbon (P <
0.05).

Based on Fig. 5, soil organic carbon in teak and Sacha
Inchi agroforestry land (L1) and teak, Sacha Inchi,
emponies agroforestry land (L3) were higher than the
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Fig. 1: Mycorrhizal spore density in the four types of agroforestry
land. Bars with different letters show significant difference as
determined by DMR test (P <0.05)
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Fig. 2: Soil pH in the four types of agroforestry land. Bars with
different letters show significant difference as determined by
DMR test (P <0.05)
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Fig. 3: Soil pH at each soil depth. Bars with different letters show
significant difference as determined by DMR test (P <0.05)

monoculture land. The highest percentage of organic carbon
was found in teak and Sacha Inchi agroforestry land at 1-10
cm (L1K1) which was 2.46% and in teak, Sacha Inchi,
emponies agroforestry land at 1-10 cm (L3K1) which was
1.84%. The lowest percentage of organic carbon was found
in Sacha Inchi monoculture land at 21-30 cm (L4K3) which
was 0.52% and in teak monoculture land at 21-30 cm
(L2K3) which was 1.01%. Based on the result, the organic
carbon in the four land type was very low till medium
(Balittanah 2009).

Soil phosphorus availability: ANOVA showed that type of
agroforestry land and soil depth had a very significant effect
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Fig. 4: Soil moisture content in the four types of agroforestry land.
Bars with different letters show significant difference as
determined by DMR test (P <0.05)
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Fig. 5: Interaction between type of agroforestry land and soil depth
on soil organic carbon across the four types of agroforestry land. Bars
with different letters show significant difference as determined by
DMR test (P < 0.05). L1 = teak and Sacha Inchi; L2 = teak
monoculture; L3 = teak, Sacha Inchi, emponies; L4 = Sacha Inchi
monoculture; K1 =1-10 cm; K2 =11-20 cm; K3 =21-30 cm

on soil phosphorus availability (P <0.05). In the analysis of
soil phosphorus availability data, there was an interaction
between type of agroforestry land and soil depth on soil
phosphorus availability (P <0.05).

Based on Fig. 6, the lowest phosphorus availability

was found in teak and Sacha Inchi land at 21-30 cm (L1K3)
which was 1.11 ppm (very low). In Sacha Inchi
monoculture land (L4), the phosphorus availability at depths
1-10 cm (K1) and 21-30 cm (K3) was not significantly
different. The highest soil phosphorus availability was
found in Sacha Inchi monoculture land at 1-10 cm (L4K1)
which was 14.45 ppm (medium).
Soil potassium availability: ANOVA showed that type of
agroforestry land and soil depth had a very significant effect
on soil potassium availability (P < 0.05). In the analysis of
soil potassium availability data, there was an interaction
between type of agroforestry land and soil depth on soil
potassium availability (P <0.05).

Based on Fig. 7, the highest soil potassium availability
was found in Sacha Inchi monoculture land with a depth of
21-30 cm (L4K3) which is 0.77 meq 100 g*. These results
indicate that the potassium availability in L4K3 is high. The
lowest potassium availability was found in teak and Sacha
Inchi agroforestry land with a depth of 21-30 cm (L1K3)
which was 0.28 meq 100 g*. These results indicate that the
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Fig. 6: Interaction between type of agroforestry land and soil
depth on soil phosphorus availability across the four types of
agroforestry land. Bars with different letters show significant
difference as determined by DMR test (P < 0.05). L1 = teak and
Sacha Inchi; L2 = teak monoculture; L3 = teak, Sacha Inchi,
emponies; L4 = Sacha Inchi monoculture; K1 = 1-10 cm; K2 =
11-20 cm; K3 =21-30 cm
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Fig. 7: Interaction between type of agroforestry land and soil
depth on soil potassium availability across the four types of
agroforestry land. Bars with different letters show significant
difference as determined by DMR test (P < 0.05). L1 = teak and
Sacha Inchi; L2 = teak monoculture; L3 = teak, Sacha Inchi,
emponies; L4 = Sacha Inchi monoculture; K1 = 1-10 cm; K2 =
11-20 cm; K3 =21-30 cm

potassium availability in L1K3 is low.

Discussion

Mycorrhizal spores with the highest density were found in
teak and Sacha Inchi agroforestry land. Agroforestry has
plants with more than one type of plant. Rooting areas in
agroforestry land support the formation of mycorrhizal
spores (Nugroho and Prasetya 2023). The combination of
roots of various types of plants in agroforestry land will
produce exudates that can trigger a variety of soil
microorganisms (Qiao et al. 2022). These soil
microorganisms include typical bacteria and fungi,
including mycorrhizae, which are more abundant in
agroforestry lands. The high density of mycorrhizal spores
in a field can help plant growth to be better because one of
the roles of mycorrhiza is to increase the content of nutrients
available to plants, especially P nutrients. P nutrients stored
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in the soil can be dissolved by phosphatase enzymes
produced from mycorrhizal activity so that the P-available
content in the soil can increase (Khairuna et al. 2015).
Mycorrhiza also play a role in raise the ability of roots to
absorb water and nutrients, increasing plant resistance to
drought stress and enhance soil aggregates (Megasari et al.
2022). Number of mycorrhizal fungal spores is related to the
level of root infection by mycorrhiza where the more
mycorrhiza there, the higher the mycorrhizal infection of
plant roots (Permanasari et al. 2016). The higher percentage
of mycorrhizal infection will increase roots' ability to absorb
water and nutrients because the root absorption area is wider
(Musafa et al. 2015). Based on the results of Nugroho and
Prasetya (2023) research, mycorrhizal spore density in
agroforestry land with coffee and durian plants is 102.2
spores 100 g of soil, the percentage of mycorrhizal
infection in coffee plants is 42.29% and in durian plants is
42.77% where both are included in the medium category.
Based on Alayya and Prasetya (2022) research results,
mycorrhizal spore density in agricultural land with rice
plants is 26.5 spores 100 g* of soil and in cassava plants is
70 spores 100 g* of soil with the percentage of mycorrhizal
infection in rice plants is 45.52% and in cassava plants is
50.76% where both are included in the high category. The
density of mycorrhizal spores in teak and Sacha Inchi
agroforestry land and teak, Sacha Inchi, emponies
agroforestry land was 242 spores 100 g of soil and 126
spores 100 g* of soil where these results were higher than
the density of mycorrhizal spores in coffee and durian
agroforestry land in research by Nugroho and Prasetya
(2023) so it can be concluded that mycorrhizal spore
infection in the roots of teak, Sacha Inchi, and emponies is
higher than in the coffee and durian agroforestry land.
Similarly, the density of mycorrhizal spores in Sacha Inchi
monoculture land which is agricultural/cultivation land, is
53 spores 100 g of soil where this result is higher than the
density of mycorrhizal spores in agricultural land with rice
plants in Alayya and Prasetya (2022) research so it can be
concluded that mycorrhizal spore infection in the roots of
Sacha Inchi bean plants is higher than in the roots of rice
plants. High mycorrhizal infection in plant roots will
increase roots' ability to absorb water and nutrients so that
plant growth will be better.

Sacha Inchi bean plants can grow optimally on soils
with neutral pH. Soil pH on the four types of land is in the
range of 7.51-7.71. Teak and Sacha Inchi agroforestry land
and teak, Sacha Inchi, emponies agroforestry land have a
lower pH value than the other two fields. Both of these
lands are agroforestry lands where there is more than one
type of plant. The variety of plant species indicates that the
number of roots in the soil is also increasing. Plant roots are
capable of producing metabolite compounds or root
exudates such as organic acids, amino acids and nucleotide
compounds (Prayudyaningsih et al. 2015). Exudates that are
intensively released by the roots into the soil can attract
microorganisms to grow in and around the roots (Widyati

2017). The microorganisms are then able to decompose
organic matter where the results of the decomposition
process are organic acids. Organic acids are produced from
the break down of organic matter cause a decrease in soil
pH (Sari and Sudarsono 2017). Based on the depth of the
soil, the pH at a depth of 21-30 was 16% higher than at a
depth of 1-20 cm. Increased soil pH as well as increased
soil depth may be due the presence of bases leached to
deeper layers (Tomo and Prasetya 2021). A lower soil pH
will increase number of mycorrhizal fungal spores present.
Number of mycorrhizal spores will be more in soil with a
lower pH (Yusriadi et al. 2018). This is because mycorrhiza
has acidophilic properties or likes acidic conditions so that
more mycorrhiza will be found in soils with low pH (Putra
and Jalil 2015). The results of the research conducted are in
accordance with this statement where the highest density of
mycorrhizal spores is found in teak and Sacha Inchi
agroforestry land with the lowest soil pH, namely 7.51.
While the lowest density of mycorrhizal spores is in the
Sacha Inchi monoculture land with the highest soil pH of
7.71.

The percentage of soil moisture content for teak and
Sacha Inchi agroforestry land was 8.73% and teak, Sacha
Inchi, emponies agroforestry land was 8.31%. These results
are quite high because both lands are agroforestry lands with
more than one type of plant. The more types of plants in
agroforestry land cause high litter in the land (Darmayanti
and Solikin 2019). High levels of litter in a field can reduce
evaporation so that the water content in the soil does not
decrease quickly. Piles of debris in the soil have the ability
to retain water content so as to prevent soil water
evaporation (Liu et al. 2022). The moisture content in the
teak monoculture land is 6.06%, was the lowest compared
to the other fields. This could be due to the lesser thickness
of the leaf litter. Another factor that causes low soil moisture
content in teak monoculture land is low organic matter. Low
organic matter content is visible on low carbon organic
percentage. Water availability in the soil is influenced by
organic matter because it can bind the water well (Hasibuan
2015). Organic matter causes an increase in the amount of
micropores and macropores in the soil through the gluing of
soil particles so as to increase soil water holding capacity
(Bot and Benites 2005). Sacha Inchi monoculture land has
the highest percentage of soil moisture content (10.39%)
even though this land was cultivated with one type of plant.
The high soil moisture percentage in this field was due to its
high canopy density. Canopy density have a significant
impact on the increase of soil porosity (Leonika et al. 2021).
The dense canopy makes the soil moist because sunlight is
blocked from going directly to the soil. The dense canopy
was able to prevent direct sunlight so that soil moisture is
maintained (Saroh and Krisdianto 2020). Teak and Sacha
Inchi agroforestry land and teak, Sacha Inchi, emponies
agroforestry land have a high percentage of moisture
content at 8.73 and 8.31%, respectively, and these two fields
have a higher density of mycorrhizal spores than other
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fields. Land with a high number of mycorrhizae was known
to be able to maintain and enlarge available water in the soil.
Mycorrhiza plays a role in increasing porosity because its
hyphae are able to expand the surface of plant roots
(Puspitasari and Winarsih 2023). Hyphae in mycorrhiza act
as a bridge connecting the roots with soil moisture
(Ramadhan et al. 2017).

The highest soil organic carbon content was found in
teak and Sacha Inchi agroforestry land at 1-10 cm (L1K1)
which was 2.46% and the lowest percentage of organic
carbon was found in Sacha Inchi monoculture land at 21-30
cm (L4K3) which was 0.52%. Organic carbon levels in
agroforestry land are greater than monoculture land because
organic matter inputs from stands and roots are higher
(Handayani and Suryadarma 2022). In monoculture fields,
organic carbon content is relatively lower than in
agroforestry fields. The low organic carbon content in Sacha
Inchi monoculture land was due to the fact that the plants
were still in the early phase of planting so that not much
litter was produced and the organic matter was low.
Agroforestry land is able to increase organic carbon
compared to monoculture land because there are several
types of plants in agroforestry land (Saputra et al. 2020).
Organic carbon content in monoculture land is lower than in
land with more than one plant due to the lack of litter or
plant residues in monoculture land (Ferreira et al. 2020).
Mycorrhizal spore density is high when the organic carbon
content of the soil is high. Organic carbon is needed by
mycorrhiza to mineralize and provide nutrients for plants
(Nurhalimah et al. 2014). This is in accordance with
research results where the highest density of mycorrhizal
spores was found in teak and Sacha Inchi agroforestry land
and teak, Sacha Inchi, emponies agroforestry land also the
highest organic carbon content was also found in these
lands. Agroforestry has more organic matter that produces
more root exudates, hence the higher density of mycorrhizal
spores (Huang et al. 2023). The high organic carbon content
in the same direction as the high density of mycorrhizal
spores can also be caused by mycorrhiza being able to
increase carbon reserves in the soil. Increased soil carbon
reserves due to the presence of mycorrhiza is because
mycorrhizal ~ colonization  helps  plants  increase
photosynthetic efficiency by up to 30%, thus adding more
carbon to the soil (Birhane et al. 2020).

The highest soil phosphorus availability was found in
Sacha Inchi monoculture with a depth of 1-10 cm (L4K1)
which was 14.45 ppm. The high soil phosphorus availability
content in L4K1 can be caused by the high soil pH in L4
(7.71), while the pH in L1 is the lowest (7.51) so that soil
phosphorus availability is also low. Phosphorus availability
in soil is influenced by pH (Rosariastuti et al. 2024). In soils
with low pH, P will bind Fe and Al and form Fe-P and Al-P,
which are compounds that are not available to plants
(Camila et al. 2023). Another factor that supports the high
phosphorus availability of soil in L4 is the input of P
nutrients through fertilization activities because L4 is a

monoculture Sacha Inchi cultivation field. Application of P
fertilizer on agricultural land can increase the P
concentration in the soil (Panday et al. 2019). Soil
phosphorus availability in L1, L2 and L4 at a depth of 1-10
cm (K1) was higher than at depths of 11-20 cm (K2) and
21-30 cm (K3). Only in L3 was the soil phosphorus
availability content in K3 higher than K1, but the difference
was not significant. The higher soil phrosphorus availability
in K1 could be due to the higher amount of organic matter
in the topsoil compared to the layer below so that the ability
to decompose organic matter is also higher. The process of
decomposing organic matter will produce organic acids that
can bind Al and release P bound by Al so that it will be
present in the soil (Punuindoong et al. 2021). The high and
low phosphorus availability is also implicated to the number
of mycorrhizal spores found. The number of mycorrhizae is
lower if the phosphorus availability in the soil is high
(Purwati et al. 2019). High levels of P in soil reduce the
permeability of root cell membranes and reduces the amount
of root exudation, thereby preventing the growth of
mycorrhizal fungi (Liang et al. 2021). This statement is
consistent with the research results where the highest
phosphorus availability was found in L4 and the lowest
mycorrhizal spore density was also found in L4 (53 spores
100 g of soil). In contrast, the lowest soil phosphorus
availability was found in L1 and the highest spore density
was also found in L1 (242 spores 100 g* of soil).

The highest soil potassium availability was found in
Sacha Inchi monoculture with a depth of 21-30 cm (L4K3)
which was 0.77 meq 100 g? (high), while the lowest was
found in teak and Sacha Inchi land with a depth of 21-30
cm (L1K3) which was 0.28 me 100 g* (low). The high K
content in soil can be due to harvest residues and the use of
fertilizers for a long time to form K deposits in the soil
(Jawang 2021). Increased soil potassium availability is
because the soil can retain K and reduce the level of K
leaching (Suseno et al. 2018). Just like soil phosphorus
availability, soil potassium availability is also related to the
density of mycorrhizal spores. An increase in K content in
soil will lead to a decrease in the number of mycorrhizal
fungal spores because high K can suppress mycorrhiza from
developing properly (Nurhandayani et al. 2013). This
statement is consistent with the research results where the
highest potassium availability was found in L4 and the
lowest mycorrhizal spore density was also found in L4 (53
spores 100 g* of soil). Then, the lowest potassium
availability content was found in L1 and the highest density
of mycorrhizal spores were found in L1 (242 spores 100 g*
of soil).

Correlation analysis was performed to determine the
relationship between observed parameters. According to
the results of the correlation analysis, some of the
analyzed soil chemical characteristics correlated with
mycorrhizal spore density. Soil pH correlated very closely
with mycorrhizal spore density (r = -0.542**) and the
relationship was negative. The negative correlation
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indicates that the lower soil pH value, the higher the
density of mycorrhizal spores in the soil. These results are
supported by the research of Nongkling and Kayang
(2019) which states that there is a negative relationship
between soil pH and mycorrhizal spore density. In
addition to soil pH, organic carbon and soil phosphorus
availability have a very close correlation with mycorrhizal
spore density. The correlation coefficient (r) for organic
carbon with soil mycorrhizal spore density was 0.669**
and the relationship was positive. The positive correlation
indicates that the higher organic carbon value, the higher
the density of mycorrhizal spores. This result is supported
by the study of Salim et al. (2020) which states that
organic carbon has a strong correlation with mycorrhizal
spore counts. Organic carbon can attract the presence of
mycorrhiza in the soil (Thirkell et al. 2016). The
correlation coefficient (r) for soil phosphorus availability
with mycorrhizal spore density was -0.582** and the
relationship was negative. This negative correlation
indicates that higher values of soil phosphorus availability
will be followed by a decrease in the density of
mycorrhizal spores in the soil. This result is consistent
with the study of Alimi et al. (2021), where mycorrhizal
spore density was negatively correlated with P content.

Conclusion

Mycorrhiza was found in all types of agroforestry land
studied. The density of mycorrhizal spores from the highest
to the lowest was in teak and Sacha Inchi agroforestry land
with 242 spores 100 g of soil; teak, Sacha Inchi, emponies
agroforestry land with 126 spores 100 g* of soil; teak
monoculture land with 77 spores 100 g of soil; and Sacha
Inchi monoculture land with 53 spores 100 g of soil. Based
on the density of mycorrhizal spores, it is known that the
spore density on Sacha Inchi planted in monoculture is the
lowest compared to the Sacha Inchi planted with other
plants. Mycorrhizal spore density was strongly correlated
with type of agroforestry land, soil pH, organic carbon, and
soil phosphorus availability. High soil pH and soil
phosphorus availability will reduce mycorrhizal spore
density, while high organic carbon will increase mycorrhizal
spore density.

Acknowledgements

The author acknowledges and thanks all parties, both
internal and external, who have helped and facilitated this
research so that it can be completed.

Author Contributions

RR and S conceived and designed this research. VPP
performed the experiments, analyzed the data and drafted
the manuscript. MRR, VPP, S, SH revised and finalized the
manuscript. All authors have read and agreed to the

published version of the manuscript.
Conflicts of Interest
All authors declare no conflict of interest.

Data Availability

Data presented in this study will be available on a fair
request to the corresponding author.

Ethics Approval
Not applicable to this paper.
Funding Source

The author would like to thank Sebelas Maret University for
financially supporting the completion of this research
through non-APBN UNS Funds with contract number
228/UN27.22/PT.01.03/2023

References

Alayya NP, B Prasetya (2022). Spore density and percentage of vesicular
arbuscular mycorrhiza (VAM) colony in several food plants in
agricultural land, Jabung District, Malang. J Tanah Sumberd Lahan
9:267-276

Alimi AA, R Adeleke, A Moteetee (2021). Soil environmental factors
shape the rhizosphere arbuscular mycorrhizal fungal communities
in South African indigenous legumes (Fabaceae). Biodiversitas
22:2466-2476

Arkha J, E Halimah (2023). Review artikel: Aktivitas farmakalogi tanaman
Sacha Inchi (Plukenetia volubilis L.). Farmaka 21:100-108

Balittanah (2009). Petunjuk Teknis Edisi 2: Analisis Kimia Tanah,
Tanaman, Air, Dan Pupuk, 2™ edn. Prasetyo B, D Santoso, L Retno
(Eds.). Balai Penelitian Tanah, Bogor-Jawa, Indonesia

Basri AHH (2018). Kajian peranan mikoriza dalam bidang pertanian.
Agric Eksten 12:74-78

Bilias F, N Barbayiannis (2019). Potassium availability: An approach
using thermodynamic parameters derived from quantity-intensity
relationships. Geoderma 338:355-364

Birhane E, KF Gebretsadik, G Taye, E Aynekulu, MM Rannestad, L
Norgrove (2020). Effects of forest composition and disturbance on
arbuscular mycorrhizae spore density, arbuscular mycorrhizae root
colonization and soil carbon stocks in a dry afromontane forest in
Nothern Ethiopia. Diversity 12:133

Bot A, J Benites (2005). The Importance of Soil Organic Matter: Key to
Drought-resistant Soil and Sustained Food Production, 80" edn.
FAO Soils Bulletin, FAO, Rome, ltaly

Brundrett M, LK Abbott, JA Jasper (1999). Glomalean mycorrhizal fungi
from tropical Australia: I. Comparison of the effectiveness and
specificity of different isolation procedures. Mycorrhiza 8:305-314

Camila AN, H Siswoyo, AP Hendrawan (2023). Penentuan tingkat
kesuburan tanah pada lahan pertanian di Kelurahan Bandulan
Kecamatan Sukun Kota Malang berdasarkan parameter kimia. Sains
Eduk Sains 6:28-33

Darmayanti AS, S Solikin (2019). Infiltrasi dan limpasan permukaan pada
pola tanam agroforestri dan monokultur: Studi di Desa Jeru
Kabupaten Malang. Proc Biol Edu Conf: Biol Sci Environ Learning
10:89-94

Effendy M, BW Wijayani (2011). Estimation of available phosphorus in
soil using the population of arbuscular mycorrhizal fungi spores. J
Trop Soil 16:225-232



Rosariastuti et al. / Intl J Agric Biol, Vol 33, 2025

Ferreira RV, RL Tavares, SFD Medeiros, AGD Silva, JFD S Junior
(2020). Carbon stock and organic fractions in soil under
monoculture  and  sorghum  bicolor-urochloa  ruziziensis
intercropping systems. Soil Plant Nutr 79:425-433

Gerdemann JW, TJ Nicolson (1963). Spores of mycorrhizal Endogone
species extracted from soil by wet sieving and decanting. Trans Brit
Mycol Soc 46:235-244

Handayani DA, IGP Suryadarma (2022). Pengaruh tegakan sengon
(Paraserianthes falcataria L.) terhadap kandungan c, n tanah dan
produktivitas buah perkebunan salak. llm Kehut 16:30-39

Hasibuan ASZ (2015). Pemanfaatan bahan organik dalam perbaikan
beberapa sifat tanah pasir pantai selatan Kulon Progo. Plant Trop J
Agron Sci 3:31-40

Huang B, L Zhang, Y Cao, Y Yang, P Wang, Z Li, Y Lin (2023). Effects
of land-use type on soil organic carbon and carbon pool
management index through arbuscular mycorrhizal fungi pathways.
Glob Ecol Conserv 43:1-12

Javaid A (2011). Importance of arbuscular mycorrhizal fungi in
phytoremediation of heavy metal contaminated soils. In:
Biomanagement of Metal-contaminated Soils, pp:125-141. Khan
MS, A Zaidi, R Goel, J Mussarat (Eds.). Springer Publishers
Netehrlands

Javaid A (2010). Role of arbuscular mycorrhizal fungi in nitrogen fixation
in legumes. In: Microbes for Legumes Improvement, pp:409-426.
Khan MS, A Zaidi, R Goel, J Mussarat (Eds.). Springer, Wein, New
York, USA

Javaid A (2009). Arbuscular mycorrhizal mediated nytrition in plants.
Plant Nutr 32:1595-1618

Javaid A, IH Khan (2019). Mycorrhizal fungi associated with mungbean.
Mycopath 17:45-48

Jawang UP (2021). Assessment of fertility status and management of rain-
fed rice fields in umbu pabal selatan village, umbu ratu nggay barat
district. llm Pertan Indo 26:421-427

Khairuna, Syafruddin, Marlina (2015). Effect of arbuscular mycorrhizal
fungi and compost under soyeban vegetation on soil chemical
properties. Floratek 10:1-9

Leonika A, Y Nugroho, GS Rudy (2021). Effect of the density against
physical properties of soil on various landcover in KHDTK
Mandiangin ULM. Sylva Sci 4:608-616

Liang SM, FL Zheng, EF Abd_Allah, P Muthuramalingam, QS Wu, A
Hashem (2021). Spatial changes of arbuscular mycorrhizal fungi in
peach and their correlation with soil properties. Saud J Biol Sci
28:6495-6499

Liu X, Y Feng, P Liu, Q Zhang, B Njoroge, Q Zhou, X Gan, W Zhang, Y
Li (2022). Soil moisture dominated the temporal dynamics of litter
moisture content in subtropical forests: A 7-year observation in
South China. J Hydrol Region Stud 41:1-12

Megasari R, ED Pertiwi, T Ar (2022). The role on mycorrhiza on growth
and production of sweet corn (Zea mays L. Saccharata).
Plantklopedia 2:56-62

Musafa MK, LQ Aini, B Prasetya (2015). Peran mikoriza arbuskula dan
bakteri pseudomonas fluorescenes dalam meningkatkan serapan P
dan pertumbuhan tanaman jagung pada andisol. Tanah Sumberd
Lahan 2:191-197

Nisa K, R Wijayanti, ES Muliawati (2017). Keragaman arthropoda pada
Sacha Inchi di lahan kering. Caraka Tani J Sustain Agric 32:132—
141

Nongkling P, H Kayang (2019). Soil physicochemical properties and its
relationship with amf spore density under two cropping systems. J
Fung Biol 7:33-39

Nugroho WA, B Prasetya (2023). Exploration of mycorrhiza in some
agricultural land use system at Ngawonggo Village, Tajinan
District, Malang Regency, East Java. Tanah Sumberd Lahan 10:25—
35

Nurhalimah S, S Nurhatika, A Muhibuddin (2014). Eksplorasi mikoriza
vesikular arbuskular (mva) indigenous pada tanah regosol di
Pamekasan, Madura. J Sains Seni ITS 3:30-34

Nurhandayani R, R Linda, S Khotimah (2013). Inventarisasi jamur
mikoriza vesikula arbuskular dari rhizosfer tanah gambut tanaman
nanas [Ananas comosus (L.) Merr.]. Protobiont 2:146-151

Panday D, RB Ojha, D Chalise, S Das, B Twanabasu (2019). Spatial
variability of soil properties under different land use in the Dang
District of Nepal. Cogent Food Agric 5:1-19

Permanasari 1, K Dewi, M Irfan, AT Arminudin (2016). Increasing of
phosphor efficiency by mycorrhiza application on soybean.
Agroteknologi 6:23-30

Prayudyaningsih R, Nursyamsi (2015). Keragaman tanaman umbi dan
fungi mikoriza arbuskula (FMA) di bawah tegakan hutan rakyat
Sulawesi Selatan. Penel Kehut Wallac 4:81-92

Prayudyaningsih R, Nursyamsi, R Sari (2015). Advantaging soil
microorganisms on the rhizosphere of tuber crop under the shade of
community forest stand in South Sulawesi. In: Prosiding Seminar
Nasional Masyarakat Biodiversitas Indonesia, Vol. 1, pp:954-959,
Masyarakat, Biodiversitas, Indonesia

Punuindoong S, MTM Sinolungan, JJ Rondonuwu (2021). Kajian
nitrogen, fosfor, kalium dan c-organik pada tanah berpasir
pertanaman kelapa Desa Ranoketang Atas. Soil Environ 21:6-11

Purba JM, B Prasetya (2021). Exploration and identification of
mycorrhizae from various types of vegetation in agroforestry. J
Tanah Sumberd Lahan 8:369-376

Purwati B, SW Budi, B Wasis (2019). Diversity of arbuscular mycorrhizae
fungi from rhizosphere of daemonorops draco blume in Jambi.
Media Konserv 24:261-268

Puspitasari AR, S Winarsih (2023). Physical and chemical quality
improvement of sugarcane marginal through compost, soil
conditioner and mycorrhiza application. Indones Sugar Res J 3:33—
45

Putra I, M Jalil (2015). The effect of organic matter on soil chemical
propeties on acidic dry land. Agrotek Lestari 1:27-34

Qiao X, T Sun, J Lei, L Xiao, L Xue, H Zhang, J Jia, S Bei (2022).
Arbuscular mycorrhizal fungi contribute to wheat yield in an
agroforestry system with different tree ages. Front Microbial 13:1—
15

Ramadhan R, E Nihayati, S Sitawati (2017). Pengaruh aplikasi cendawan
mikoriza dan perlakuan pemberian air terhadap peningkatan kadar
asiatikosida tanaman pegagan (Centella asiatica (L.) Urban).
Biotrop J Trop Biol 5:138-142

Rosariastuti R, NMP Wulandari, S Nugraha, E Irawan, S Maro’ah, Sumani
(2024). Isolation and a potential test of fungal consortium as
biofertilizer from Mount Lawu, Indonesia. Intl J Agric Biol 32:35-
42

Rosariastuti R, U Barokah, Purwanto, Supriyadi (2018). Phytoremediation
of Pb contaminated paddy field using combination of
Agrobacterium sp. 13, compost and ramie (Boehmeria nivea). J
Degraded Mining Lands Manage 5:1381-1388

Salim MA, RSW Budi, L Setyaningsih, Iskandar, | Wahyudi, H Kirmi
(2020). Root colonization by arbuscular mycorrhizal fungi (amf) in
various age classes of revegetation post-coal mine. Biodiversitas
21:5013-5022

Saputra DD, RR Sari, K Hairiah, JM Roshetko, D Suprayogo, MV
Noordwijk (2020). Can cocoa agroforestry restore degraded soil
structure following conversion from forest to agricultural use?
Agrofor Syst 94:2261-2276

Sari MN, DD Sudarsono (2017). Effect of organic matter on
phosphorus availability in soils rich of Al and Fe. Bull Tanah
Lahan 1:65-71

Saroh |, Krisdianto (2020). Manfaat ekologis kanopi pohon terhadap iklim
mikro di ruang terbuka hijau kawasan perkotaan. Hutan Masyar
12:136-145

Sittadewi H (2021). Biological effects of vesicular-arbuscular
mycorrhizae to improve plant growth and soil aggregate stability.
Alami 5:49-54

Suseno A, D Arbiwati, APB Santosa (2018). Evaluasi status
kesuburan tanah di Desa Nglegi, Kecamatan Patuk, Kabupaten
Gunungkidul, Daerah Istimewa Yogyakarta. Tanah Air 15:47—
54

Thirkell TJ, DD Cameron, A Hodge (2016). Resolving the ‘nitrogen
paradox’ of arbuscular mycorrhizas: Fertilization with organic
matter brings considerable benefits for plant nutrition and growth.
Plant Cell Environ 39:1683-1690



Mycorrhizal Spore Density in Sacha Inchi Bean Agroforestry / Intl J Agric Biol Vol 33, 2025

Tomo Y, B Prasetya (2021). Exploration of arbuscular mycorrhiza on
various soil depths in bull grass rooting zone on post-mining land. J
Tanah Sumberd Lahan 8:341-347

Wang A, X Shi (2019). A multilayer soil moisture dataset based on the
gravimetric method in China and its characteristics. J Hydrometeorol
20:1721-1736

Widyati E (2017). Understanding underground-plants communication to
optimize land management. Sumberd Lahan 11:33-42

Yusriadi, YS Pata’dungan, U Hasanah (2018). Density and diversity of
fungi spores arbuzcular mycorrhizal at root zones of some crops in
agricultural land Sidera of Central Sulawesi Indonesia. Agroland J
lImu-ilmu Pertan 25:64-73



