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Abstract

Sandy soil has certain limitations such as low water holding capacity, high infiltration, high evaporation,
and low soil moisture. To solve these problems, the addition of mycorrhizae and soil amendments to sandy soil
could be able to improve the limitation. This study aimed to determine the effect of mycorrhizae and soil
amendments on physical characteristics of sandy soil. The experiments were arranged using the CRD
(Complete randomized design) method with two factors: doses of mycorrhizael and types of soil amendments.
Doses of mycorrhizae consist of MO (without mycorrhizae), M1 (mycorrhizae 3 spores pot?), and M2
(mycorrhizae with 6 spores pot). The types of soil amendments consist of A0 (control), A1 (cow manure), A2
(biochar), A3 (clay soil), A4 (cow manure-biochar), A5 (cow manure-clay soil), A6 (biochar-clay soil). The
results showed that mycorrhizae with cow manure-clay soil (M1A6) maintained the average of soil moisture
seven days after harvest with an average of 12.65% and also reduced the rate of soil permeability three times
than control. The combination of biochar-clay soil and mycorrhizae improved the water holding capacity and
soil aggregation. Interaction of mycorrhizae and soil amendments improved the physical characteristics of
sandy soil by increasing soil moisture and reducing soil permeability.
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1995). Large hyphae cause increased water absorption and
soil does not dry out easily (Rusli et al., 2016).

Introduction

Indonesia has sandy soil covering 52.37 million
hectares, an alternative agricultural land to overcome land
conversion (Dariah et al., 2010; Riptanti et al., 2018).
Cultivation of plants in sandy soil needs to be continuously
developed, but there are many obstacles such as drought and
low nutrient availability, which causes plants to die (Liu et
al.,, 2017). Sandy soil has low soil fertility; low water
retention capacity, high infiltration, low organic matter, and

Rice husk is the primary agricultural residue that
accounts for 731 million tons per year globally (Park et al.,
2014). About 25% of the rice husk is burnt during the
harvest season, damaging air quality, and human health (Xu
et al., 2016). Biochar from rice husk can improve sandy soil
pores. Biochar particles can replace macropores into
micropores, which increase water retention (Tang et al.,

low soil moisture so that it is less productive for plant
growth (Rusli et al., 2016; Xu et al., 2016). Therefore, it is
necessary to make improvements to reduce growth-
inhibiting factors, including the provision of mycorrhizae
and soil amendments.

The application of mycorrhizae in sandy soils can
defend plants from drought (Constantino et al., 2008),
experiencing damage to cortical tissue. Mycorrhizae fungi
are symbiotic with roots on host plants and produce fungal
hyphae, which can absorb water in the soil pores when plant
roots are no longer able to absorb water (Solaiman & Hirata,

2013). Cow manure with a potential of 345.7 thousand tons
per day is used as organic waste to increase aggregation and
plant growth (Dariah et al., 2010; Rahayu et al., 2020; Zhou
et al., 2020). Clay soil can be used as a soil amendment to
increase soil aggregation and water holding capacity. So, the
application of mycorrhizae, biochar rice husk, cow manure,
and clay soil can improve physical characteristics of sandy
soil.

The previous research in sandy soil about mycorrhizae
interaction with various soil amendments has not been
widely carried out; only report the one effect of them (
Constantino et al., 2008; Abel et al., 2013; Pu et al., 2019;
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Rahayu et al., 2019). Based on previous research,
mycorrhizae and soil amendments interaction has a
significant effect on improving sandy soil characteristics.
This study aimed to determine the effect of mycorrhizae and
soil amendments on physical characteristics of sandy soil.
Mycorrhizae and soil amendments are expected to increase
water availability by increasing water holding capacity,
reducing infiltration rates, and soil permeability. The
novelty was mycorrhizae's interaction with various soil
amendments (a combination of cow manure, biochar, and
clay soil) in sandy soils. Mycorrhizae and soil amendments
are expected to be a solution in fixing the problem of sandy
soil characteristics.

Materials and Methods

Research design

The research was conducted at the Screen House,
Faculty of Agriculture, Sebelas Maret University, located in
Sukosari  Village, Jumantono District, Karanganyar
Regency, Indonesia. This study was arranged using a
completely randomized design (CRD), consisting of two
factors. The first factor was doses of mycorrhizae, MO
(without mycorrhizae), M1 (mycorrhizae 3 spores pot?), M2
(mycorrhizae 6 spores pot™) (Syamsiyah et al., 2014). The
type of used mycorrhizae was endomycorrhizae, namely
Arbuscular Mycorrhizae Fungi. Measuring spore density by
wet filtering, decantation, centrifugation, and filtering to
separate the spores; and found that every 50 of mycorrhizae
contained 30 spores, meaning that every 5, had been an

1), A5 (cow manure 60 ton ha* and clay soil 10 ton ha'), and
A6 (biochar 25 ton ha? and clay soil 10 ton ha?). So that
obtained 21 treatment combinations and repeated three
times to avoid the subjectivity of the treatment data. The
total sample population was 63 units of experimental pots.
Basal fertilizer (NPK 15-15-15) was applied at doses of 100
kg ha* to all treatments two weeks after planting.

Initial analysis of sandy soil and soil
amendments

The results of the initial sandy soil analysis are as
follows: water content, 0.45%; soil pH, H.O (1:2.5), 7.12;
organic carbon, 0.18%; C/N ratio, 14.34; bulk density, 1.85
g cm3; particle density, 2.9 g cm; soil permeability, 1210
cm hour?; aggregate stability index 0; soil texture (sand
92.23%); silt 6.81% and clay 0.96%) (Table. 1). Sandy soil
had a low soil physical and chemical fertility, organic
carbon values, moisture content, permeability, aggregate
stability, and texture was not supportive for plants (Pu et
al., 2019).

The cow manure was composted and had a dark black
color, loose texture, not sticky, cold temperature, and odourless
ness. The characterictics of cow manure: moisture content,
26.96%, pH H-0 (1:5), 7.88, organic carbon, 16.62% and C/N
ratio, 26.39 (Table 1). The characteristics of rice husk biochar:
moisture content, 8.11%; pH H-0, (1:5), 6.14; organic carbon,
18.07%; and C/N ratio, 33.3 (Table 1). The characteristics of
clay-soil: moisture content, 0.58%; pH H,O (1:2.5), 7.1,
organic carbon, 2.13%; and C/N ratio, 10.7; and soil texture

Table 1. The initial characteristic of soil, cow manure, rice husk biochar and clay soil

Parameter Unit Value
Soil Cow Rice husk Clay-soil
manure biochar

pH H;0 - 7.12 (1:2.5) 7.88 (1:5) 6.14 (1:5) 7.1(1:2.5)
Organic carbon (%) 0.18 16.62 18.07 2.13
Total-N (%) 0.015 0.634 0.541 0.202
C/N ratio - 14.34 26.39 33.33 10.7
Bulk density gcm? 1.85 - -
Particle density gcm?3 2.9 - -
Soil permeability cm hour? 1210 - -
Texture
- Sand (%) 92.23 8
- Silt (%) 6.81 43
- Clay (%) 0.96 49

average of 3 spores.

The second factor was types of soil amendment: AQ
(without amendment), Al (cow manure 60 ton ha?)
(Prasetyo, 2014), A2 (biochar 25 ton ha?), A3 (clay soil 10
ton hat), A4 (cow manure 60 ton ha-1 and biochar 25 ton ha-
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(sand 8%, silt 43%, and clay 49%) (Table 1).
Incubation and mycorrhizae applications

The soil was taken from topsoil (0-20cm) at sandy beach
in Bantul Regency, Yogyakarta Province, then sieved with a
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2 mm sieve to separate the soil fraction from the rock. Soil
weighing 10 kg was put into a polybag, then mixed with soil
amendments according to the treatment, then incubated for
four weeks. After an incubation period, mycorrhizae was
applied right to the planting hole. The plant roots could
become infected because mycorrhizae were obligate symbols
that were active when in direct contact with the host plant
roots. Planting the seedlings of chili was carried out
simultaneously with the mycorrhizae application. The chili
seeds were transplanted at the age of one month with an
average height of 15 cm, with the seeds being not too old
because old seeds tend to have rigid cell walls so that the
germinated mycorrhizae spores become difficult to infect
plants root tissue. Maintenance included watering and
removing weeds until the maximum vegetative period (110
days after planting/dap).

Observation parameters

The measurement of soil moisture was done every week
until harvest (110 dap). Soil sampling was carried out a
week after harvest. Soil samples were taken at a depth of 0-
20 cm and analyzed for several physical characteristics:
daily soil moisture seven days after harvest using the
gravimetric method, soil aggregate stability using the wet
shear method (Amézketa, 1999), soil permeability with the
constant head permeameter method, and soil porosity.
Measurement of water content for seven days aimed to
determine the best treatment in maintaining soil moisture
(Sohi et al., 2010; Zhang et al., 2020). Plant analysis
included plant height, plant weight, root weight, root
volume, and chili yield. Measurement of plant height every
1 week, measuring the yield when the chilies are ripe and
accumulated until the end of harvest, while fresh weight,
root weight and root volume are carried out at harvest (110

dap).
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Figure 1. The effect of soil amendments on soil pH after
incubation

Numbers followed by different letters showed results that had a noticeable
effect according to TUKEY test (a = 0.05)

Statistical analysis

Data analysis was performed using Minitab.16 and
Microsoft Excel 10 software. The statistical analysis used
was Analysis of Variance (ANOVA) with a 95% confidence
level to determine treatment/variables' effect. If the effect
was significant, continued with the Multiple Distance Test
(TUKEY) with a 95% confidence level to find a real
difference and the Pearson correlation test to determine the
relationship between variables.
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Figure 2. The effect of soil amendments on soil moisture

after incubation
Numbers followed by different letters showed results that had a noticeable
effect according to TUKEY test (a = 0.05)
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Figure 3. The effect of soil amendments on soil organic

carbon after incubation
Numbers followed by different letters showed results that had a noticeable
effect according to TUKEY test (o= 0.05).

Results
Soil characteristic after incubation

Soil analysis was carried out to determine soil reactions
between soil amendments during the incubation period. The
application of soil amendments significantly increased the
soil pH (p < 0.01) and soil moisture (p < 0.01) during the
incubation period. The highest soil pH (7.80) was observed

Soil Environ. 40(1): 49-58, 2021
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in cow manure's amendment treatment (Figure 1), and the  The effect of soil amendments on organic carbon was not
highest soil moisture (17.57%) was recorded in the clay soil statistically significant (p>0.05), but the interaction of
treatment (A3), 122.69% increase than control (Figure 2). biochar with clay soil (A6) was the highest (Figure 3).
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Figure 4. The effect of mycorrhizae and soil amendments on soil moisture average a week after harvesting
Numbers followed by different letters showed results that had a noticeable effect according to TUKEY test (o = 0.05)

Table 2. The effect of mycorrhizae and soil amendments on maintaining soil moisture a week after harvesting

Soil Moisture (%)

Treatment Dayl Day2 Day3 Day4 Day5 Day6 Day7 Average
Control 1481 712 474 204 132 034 011 4.35
Cow manure 2760 1472 1281 9.59 8.92 7.94 5.07 12.38
Biochar 19.05 1121 852 6.30 541 443 3.63 8.36
No mycorrhizae Clay-soil 19.62 1300 998 777 720 622 599 9.97

Cow manure+Biochar ~ 21.03 13.62 10.74 8.49 782 684 6.28 10.69
Cow manure+Clay-soil 19.80 1229 7.87 559 649 551 495 8.93

Biochar+Clay-soil 1755 1360 7.84 559 780 682 6.58 9.40

Control 1579 9.00 567 345 320 222 098 5.76

Cow manure 2042 1235 6.60 440 655 557 430 8.60

Mycorrhizae 3 Biochar_ 19.72 1225 878 655 645 547  4.89 9.16
spores/pot Clay-soil _ 2150 1491 1148 9.29 9.11 8.13 7.89 11.76
Cow manure+Biochar  19.65 13.18 8.69 6.45 7.38 6.40 5.84 9.65

Cow manure+Clay-soil 19.55 12.28 894  6.73 6.48 550 494 9.20

Biochar+Clay-soil 1942 1528 1494 1268 948 850 8.26 12.65

Control 1721 991 816 596 411 313 257 7.29

Cow manure 2125 1160 887 661 580 482 4.26 9.03

Mycorrhizae 6 Biochar_ 16.69 13.13 1246 9.78 733 635 579 10.22
Clay-soil 1833 9.69 6.93 474 389 291 235 6.98

spores/pot Cow manure+Biochar ~ 20.88 12.69 1050 827 6.89 591 535  10.07

Cow manure+Clay-soil  23.13 1394 799 571 814 716 6.60 10.38
Biochar+Clay-soil 17.65 1393 10.43 8.18 813 715 6.92 10.34

¥ Soil Environ. 40(1): 49-58, 2021
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Soil moisture a week after harvesting

Measurement of soil moisture was carried out using the
gravimetric method, done every day for one week after
harvest without re-watering. The measurement of soil
moisture for seven days was aimed to determine the best
treatment in maintaining soil moisture. Interaction of

53

moisture. There was a phase of decreasing water content on
the first - four days and was constant on the fifth - seventh
days (Figure 5). Application of mycorrhizae (6 spores pot™)
with biochar-clay soil (M2A6) had a soil moisture average
of 6.92%, without mycorrhizae with biochar-clay soil
(MOAG) 5.58% and 0.11% (MOADO) for control.
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Figure 5. The effect of mycorrhizae and soil amendments on soil permeability
Numbers followed by different letters showed results that had a noticeable effect according to TUKEY test (o = 0.05)
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mycorrhizae and soil amendments had a significant effect
on the average soil moisture (» < 0.05). The mycorrhizae
three spores pot? and biochar-clay soil (M1A6) were the
highest soil moisture average (12.65%) that was 2.9 times
higher than the control (MOAQ) (Figure 4). Mycorrhizae and
biochar-clay soil was the best treatment to conserve the soil

Soil permeability after harvesting

Sandy soil has very high permeability (n> 25) and
quickly releases water to the soil depth. Adding clay soil to
sandy soil is expected to increase aggregation to reduce the
permeability of sandy soil. Application of mycorrhizae (6

Soil Environ. 40(1): 49-58, 2021
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spores pot?) and biochar-clay (M2A6) reduced the rate of
soil permeability value up to 304.1 cm hour?, which
decreased 3.9 times than control (1210 cm hour?) (Figure
6).
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Figure 7. The effect of mycorrhizace and soil

amendments on soil aggregate stability index
Numbers followed by different letters showed results that had a noticeable
effect according to TUKEY test (o= 0.05).

Soil porosity after harvesting

Interaction of mycorrhizae and soil amendments had a
significant effect on soil porosity (p < 0.05), mycorrhizae
spores three pot? and biochar (M1A2) was the highest soil
porosity (49.56%), increase 1.27 times than control
(MOAO) (Figure 7).
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Figure 8. Correlation between soil moisture a week after
harvest and soil aggregate stability index

Soil aggregate stability index after harvesting

Interaction of mycorrhizae and soil amendments had a
significant effect on soil aggregate stability index (p <0.05).
The highest occurred at mycorrhizae (3 spores pot) and
clay soil (M1A3), the index was 3.09 and 3 times higher
than the control (MOAO) (Figure 8). The aggregate stability
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value above is included in the unstable class (index value >
40).

The agronomic performance of chili at
harvesting

Interaction of mycorrhizaee and soil amendments had a
significant effect on plant height, plant height, root height,
root volume and yield (p < 0.01). The highest occurred at
mycorrhizaee (6 spores pot-1) and cow manure-clay soil
(M2Ab5), (Table 3).

Discussion

Relationships between soil moisture, soil
permeability, soil porosity, and soil aggregate
stability

Clay soil increases soil moisture by 17.59%, a
significant increase of 122.69% compared to the control. In
line with previous research, adding clay soil can increase
groundwater and water content's retention capacity in sandy
soils due to the high plasticity between particles. The
increasing of soil moisture is due to water holding in the
soil, the side effect of increasing soil porosity, soil
aggregate, and decreasing soil permeability (Rusli et al.,
2016; Sika, 2012; Widiyawati et al., 2016). Added rice
husks biochar affected on increasing water retention
(Kammann et al., 2012), increasing carbon deposits in the
soil (Lehmann, 2007; Wang et al., 2017), improving the
physical, chemical and biological characteristics of the soil
(Taek, 2016; Tang et al., 2013; Dewi et al., 2018) and
mainly when applied to sandy soil (M. Zhang et al., 2017).
Rahayu et al., (2019) reported that the application of biochar
5 tons ha'* was the highest result of shallot in sandy soil and
increased soil fertility in the post gold mining land
(Sulakhudin et al., 2017). It is right that the application of
biochar and clay soil can reduce the rate of infiltration, resist
evaporation and increase water retention in soil particles.
The combination of biochar-clay soil increases the volume
between soil pores because the elongated form of biochar
particles will replace macropores into micropores available
for water storage. The application of biochar increases the
activity of Mycorrhizael Helper Bacteria (MHB). Biochar
neutralizes allelochemicals around the roots and increases
the activity of soil biology and mycorrhizae hyphae when
colonized in roots (Bai et al., 2002; Constantino et al.,
2008) so that the hyphae relationship mushrooms with roots
can absorb more water (Santana et al., 2019). The increase
in water uptake is caused by the interaction of mycorrhizae
with soil amendments, where the external mycorrhizae
cause Arbuscular Mycorrhizael Fungi (AMF) to work
effectively in aggregating soil grains to form soil aggregates
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and increase the ability of the soil to hold water (Astiko et
al., 2013). Mycorrhizae plays a role in the availability of
glomalin (GRSP) produced by arbuscular mycorrhizae at the

soil. This increase was due to the plasticity of clay soil,
which increased the cohesion between soil particles.

Table 3. The effect of mycorrhizae and soil amendments on agronomic performance of chili at harvesting

Plant Plant weight ~ Root weight Root Yield (g
Treatment height (cm) (g plant?) (g plant?)  volume (ml) plant?)
Control 30.00 12.67i 8.00¢ 9.00% 32.03
Cow manure 31.00M 19.009M 6.33¢ 11.00z2be 21.57™
Biochar 31.00N 15.33i 5.67¢ 5.00¢ 19.40"
No Clay-soil 33.33fohi 18.33Ni 5.67¢ 5.00°¢ 9.63°
mycorrhizae Cow . 34.67%f9 29.67¢d 9.67bc 12.674¢ 42 53¢
manure+Biochar
;‘:‘I’V manure+Clay- - 37 aqac 38.33b 10.67™ 13.33% 56.67
Biochar+Clay-soil 38.67230c 37.00° 13.33° 10.00bc 30.93
Control 33.00f9ni 12.00 9.00bc 9.33bc 33.231
Cow manure 32.679N 20.339Ni 10.00¢¢ 17.332 40.87f9
Biochar 32.330Ni 24.67¢ 9.33bc 9.675 31.80i
. Clay-soil 33.67f" 27.33d 6.67¢ 9.00% 41.40¢f
Mycorrhizae 3 Cow _ _
spores pot? . 31.839" 19.339n 6.33¢ 12.332bc 23.07'
manure+Biochar
go‘i‘l’v manure+Clay- - 59 1gabc 27.67% 6.33° 12.00%¢ 43.63¢
Biochar+Clay-soil 33.67fn 33.00¢ 9.67P¢ 13.33% 46.00°¢
Control 38.002b¢ 30.33¢cd 13.00° 9.675 43.574
Cow manure 36.002bcde 38.00P 12.00° 13.33% 35,23
Biochar 34.00¢fon 20.009hi 13.00° 11.6720c 47.93°¢
. Clay-soil 32.330Ni 17.001 7.33¢ 15.33% 26.03k
Mycorrhizae 6 Cow
spores pot* . 35.00%° 21.007 14.00° 18.33% 39.609
manure+Biochar
;30‘:"’" manure+Clay- - 4 502 4433 22.33° 26.33° 58.80°
Biochar+Clay-soil 33.00fon 20.33f" 3.67° 3.67° 31.93i

Numbers followed by different letters showed results that had a noticeable effect according to TUKEY test (a0 = 0.05)

time of hyphal change. Hyphal activity stops a few weeks
later released by hyphae and mixes with soil until the fungus
dies. Glomalin will increase the stability of the sandy soil
aggregate (Syamsiyah et al., 2018). A combination of
mycorrhizae and clay-soil was the best for soil aggregate
stability because clay soil has high plasticity that binds soil
particles to form sandy soil aggregates.

The Pearson correlation test value evidences this
statement; that water content strongly correlates with
aggregate stability (p < 0.05), increasing soil aggregate and
increasing soil moisture (Figure 9a). Soil aggregation is also
caused by the treatment of clay soil, which acts as a binder
between particles, thereby facilitating aggregation of sandy

Increasing soil porosity from 39.85% to 49.56% with
adding mycorrhizae and biochar (M1A2) impacted on
increasing soil water content. Evidenced by the Pearson
correlation test value, the strong correlation between the
increase in soil porosity and soil moisture (p <0.05) (Figure
9b). Biochar is broadly stable in soil. It has potential to
provide a direct and long-term modification to soil water
holding capacity through macroporous nature. Abel et al.,
(2013) reported that water retention in Terra Preta was 18%
higher than in soils where charcoal was low or absent.
Biochar can replace pores between sand grains and block
some of the original soil drainages, thereby reducing vertical
infiltration and reducing permeability. The direct impact of
adding biochar is soil texture, but this effect must be short-
lived as physically biochar appears to divide rapidly in soil

Soil Environ. 40(1): 49-58, 2021
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to particles of silt size or less. In the longer term, biochar's
effect suggests that available moisture will be positive in
sandy soils ordinarily dominated by larger pores than
present in biochar.
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Figure 9. Correlation between soil moisture a week after
harvest and soil aggregate stability index (a) and
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after harvest and soil porosity (b)
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Figure 10. Correlation between soil permeability and soil
porosity

The increase in soil porosity (49.56%) affects the decrease
in soil permeability, evidenced by the negative correlation
between soil porosity and soil permeability (p < 0.05). High
soil porosity can hold water more to reduce the permeability
rate (Figure 10). Adding high biochar can form new drainage
channels; a certain additional proportion of biochar is useful for
slowing the infiltration rate in a vertical direction, but excessive
addition increases vertical infiltration. Adding mycorrhizae,
biochar, and clay soil in sandy soils can increase the soil water

& Soil Environ. 40(1): 49-58, 2021

content so that plant water availability is fulfilled. Soil
amendments can reduce water loss due to evaporation and
infiltration. This combination was the best for increasing soil
moisture, soil porosity, soil aggregate stability, and decreasing
soil permeability.

Correlation between plant height, plant weight,
root weight, root volume and yield

Application of mycorrhizaee 6 spores pot-1 and cow
manure-clay soil showed the highest on plant height, plant
weight, root weight, root volume and vyield. Adding of
mycorrhizaee 6 spores pot-1 and cow manure-clay soil (M2A5)
increased plant height 0.3 times; plant height 2.5 times; root
weight 1.79 times; root volume 1.93 times and yield 0.4 times
compared to control. Pearson's correlation test showed that
plant height was positively correlated with plant height (p <
0.01) and yield (p < 0.01), which means that an increase in
plant height will be followed by an increase in plant height and
yield. Kamal, et al., (2020) reported that mycorrhizaee
treatment could increase the height of red chilies (Capsicum
annuum L.) in Andisols. According to Prasasti et al., (2013),
adding mycorrhizaee in plants have better growth than a plant
without mycorrhizaee treatment because mycorrhizaee can
increase water and nutrient uptake so that the metabolic
processes and photosynthesis of plant was getting better. This
increase in metabolism was accompanied by an increase in
plant growth and development, such as plant height, plant
height and yield of chilies.

The Pearson correlation test showed that root weight was
positively correlated with root volume (p <0.01) and yield (p <
0.01), indicated that an increase in plant root weight would be
followed by an increase in root volume and yield. Jaenudin and
Sugesa (2019) reported that mycorrhizaee and cow manure can
increase root volume in flower cabbage plants. According to
Firdaus et al., (2013), increasing the number of roots would
increase root volume and fresh root weight. Mycorrhizaee
treatment can increase root volume because mycorrhizaee in
the roots can absorb more nutrients in the soil than roots
without mycorrhizaee (Ginting et al., 2018).

Arbuscular mycorrhizael fungi had thinner and longer
hyphae than root hairs so that they can reach soil that cannot be
reached by plant root hairs and can absorb nutrients more
efficiently (Osorio & Mitiku, 2013). Hu et al., (2009) reported
that mycorrhizaee inoculation gave a higher response to plant
biomass and yields of maize (Zea mays L.) than only fertilizer
treatment on sandy soil

Conclusions

Our finding shows that mycorrhizae and soil
amendment application has a noticeable effect on physical
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characteristics of sandy soil. Mycorrhizae and the
combination of biochar with clay soil (M1A®6) can increase
average soil moisture after harvesting (12.65%) 2.9 than the
control. Mycorrhizae 6 spores pot? and the combination of
biochar-clay soil (M2A6) decreased the permeability rate
(304.1 cm hours™) 3.9 more than the control. Mycorrhizae 3
spores pot? and clay soil (M1A3) increased aggregate
stability index, 3 times than control. Mycorrhizae 3 spores
pot? and biochar (M1A2) increased soil porosity (49.56%)
1.27 more than control (MOAOQ). Mycorrhizaee 6 spores pot-
1 and the combination of cow manure-clay soil (M2A5) was
the best for plant height, plant weight, root weight, root
volume and yield of chili.
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