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ABSTRACT

Aims: Intercropping system in oil palm plantation is recognized as one of a nature-based solution as well as a promising
sustainable practice. This study aimed to observe the advantages of existing intercropping system in one of North
Sumatra’s oil palm plantation. It is achieved by analyzing the population of soil bacteria and fungi in oil palm
intercropping fields with sorghum and cassava, compared with the non-intercropping field that using Mucuna
bracteata (MB) as a common legume cover crop in oil palm plantations.

Methodology and results: Soil samples were collected from the weeded circle and windrow area (the area between
palms within the row). The results showed that the highest and the lowest soil bacteria populations were in sorghum (1.7
+ 1.4 x 108 CFU/g) and MB (1.7 + 0.4 x 107 CFU/g), while the highest and the lowest soil fungi populations were in
sorghum (4.3 + 2.9 x 10% CFU/g) and cassava (2.1 + 0.8 x 106 CFU/qg).

Conclusion, significance and impact of study: The intercropping system in this study showed a significant difference
in the bacteria population, while the fungi population had no difference compared to the non-intercropping system. The
bacterial and fungi population results also indicate that the intercropping system potentially enhances the soil's biological
activity as an indicator of improved soil health. It is also followed by a slightly higher soil organic carbon value in
intercropping system. This research suggests that further studies should be done to identify specific soil functional
microbes (nutrients fixers and solubilizers). The future research will be used as a reference for promising biofertilizer
agents in supporting sustainable crop production.

Keywords: Bacteria, fungi, intercropping, oil palm, soil health

INTRODUCTION

Intercropping is a planting system with two or more types
of crops cultivated on the same field (Chimonyo et al.,
2015). The benefit of the intercropping system is to
optimize the utilization of land resources in one area to
obtain a higher yield than the monoculture system. The
crop combination system has also been reported to
create biological stability; hence it can suppress pests-
disease attacks and maintain soil fertility (Rochmah et al.,
2020). In addition, intercropping was reported to increase
nutrients content in the rhizosphere, enhance soil
microbial diversity and quantity (bacteria and fungi), soil
enzyme activity, nutrient mobilization and nutrient
absorption through interspecific interactions in the
rhizosphere (Effendi et al., 2019; Gong et al., 2019; Tang
et al.,, 2019; Dang et al.,, 2020). Intercropping can
effectively increase soil fertility as shown in Zhang et al.
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(2018) study. The intercropping of broccoli and corn
successfully improves the diversity of soil functional
microbes and soil nutrients (N, P and K).

The intercropping system has also been applied in olil
palm plantations. Several studies were conducted using
various intercrops such as maize, peanut, soybean,
cassava, tomato and pineapple (Fitriana et al., 2019;
Kusumawati et al., 2019; Koussihouédé et al., 2020;
Rochmah et al., 2020). Kusumawati et al. (2019) revealed
that oil palm with corn and soybean intercrops provides
additional income for farmers and has no adverse effect
on the vegetative growth of the main crop.

One current concern that has not been widely
reported in the intercropping system is the dynamics of
soil microbe diversity and population, especially soil
bacteria and fungi. Soil microbes are one of the indicators
that affect soil health and fertility. Microbes play an
essential role in soil biogeochemical processes, increase
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the availability of nutrients in the soil, mobilize nutrients
from the soil to plants and improve soil structure (Rashid
et al.,, 2016; Li and Wu, 2018). Community and soil
microbial diversity are vital to maintain ecosystem
biodiversity and soil health and productivity (Li and Wu,
2018). Besides, it is also reported that the transformation
of microbial diversity is associated with soil physical and
chemical properties (Li and Wu, 2018; Gong et al., 2019;
Lian et al., 2019; Li et al., 2020). Therefore, this study
aims to analyze the soil microbes (bacteria and fungi)
populations in intercropping of oil palm with sorghum and
cassava compared to non-intercropping Mucuna
bracteata (MB) as the common legume cover crop in oil
palm plantation (immature stage).

MATERIALS AND METHODS
information of the

Time, location and general
research site

This study conducted from March to May 2021. The
observed parameters are soil sampling for physical and
chemical analysis, isolation and enumeration of microbial
(bacteria and fungi) and statistical analysis. Soil samples
were collected at three fields (block 7, 15 and 17) of oil
palm plantations in Laut Tador Vilage, Tebing
Syahbandar District, Tebing Tinggi City, North Sumatra,
Indonesia (site; 30 15' 57.692" - 30 17' 22.847"N, 990 12'
47.406 - 990 13' 16.298"E). The land topography was
classified as flat to undulating. This area has implemented
the intercropping system for approximately one year
during the immature stage of oil palm. Oil palm
plantations in block 7 (M. bracteata) were planted in 2019,
block 15 and 17 (intercropping with sorghum and
cassava, respectively) were planted in 2020. Sorghum
was fertilized with NPK (Nitrogen-Phosphorus-Potassium)
fertilizer and Pasopati hormone, while cassava was
fertilized with urea and TSP (Triple Super Phosphate)
fertilizer. Fertilization of oil palm using RP (Rock
Phosphate), borate and urea fertilizer. In block 15
(intercropping with sorghum), beside regular oil palm
fertilization, it also combined with additional compost from
empty fruit bunches and palm oil mill effluent (POME).
Analysis of soil physical and chemical properties, and
enumeration of microbial population were carried out at
the Laboratory of Soil Science and Agronomy, Palm Oil
Research Institute, Medan, North Sumatra.

Soil sampling

Soil sampling was carried out systematically in weeded
circle and windrow (the area between palms within the
row) from two intercropping blocks and one non
intercropping block. The cash crops were sorghum (block
15) and cassava (block 17). In the non-intercropping field,
M. bracteata (block 7) was grown as a legume cover crop.
Soil samples were collected from three blocks with six
sites, each site consists of three sites in the weeded circle
and three sites in the windrow area (Figure 1). Sampling
was done at a soil depth of 0-20 cm (200 g soil sample)
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(Lisnawita et al., 2020). The soil samples were put into
plastic, labeled and stored in cool box.

Analysis of soil physical and chemical properties

Analysis of soil physical and chemical properties was
carried out as supporting data in this study. Soil physical
properties consist of texture analysis and soil moisture
content. Soil texture analysis was determined using a
hydrometer and a modification of the Bouyoucos method
(Beretta et al,, 2014). Soil moisture content was
measured by the gravimetric method at 105 °C for 24 h in
an oven (Sukhla et al., 2014; Rasti et al., 2020). Analysis
of soil chemical properties consists of measuring soil pH
and soil organic carbon (SOC). Soil pH was measured
using a pH meter (Balai Penelitian Tanah, 2009), while
SOC using a spectrophotometric method. A total of 0.05 g
of the sample was weighed. Then, 5 mL of 1 N K2Cr207
and 7 mL of H2SO4 were added to the sample. The
mixture is boiled and allowed to stand for 30 min. Then,
the mixture was diluted with distilled water to 100 mL and
it was left overnight. The absorbance was measured
using a UV-Visible spectrophotometer with a wavelength
of 561 nm (Purbaningtias et al., 2018).

Isolation and enumeration of bacterial and fungal
populations

Nutrient agar (NA) is a medium used for the isolation of
bacteria. It contains (g/L): peptone 5 g, HM peptone 1.5 g,
yeast extract 1.5 g, NaCl 5 g, agar (Himedia) 15 g, while
for isolation of fungi using potato dextrose agar (PDA)
with the composition of potato infusion 200 g, dextrose 20
g, agar (Himedia) 15 g. The medium was sterilized using
an autoclave at 121 °C and at pressure of 0.1 MPa for 15
min. Isolation of bacteria and fungi was performed with
serial dilution method from a dilution of 10! to 108
(Damodaran et al., 2013; Singh and Mishra, 2013). The
last three dilutions (10 to 10®) were used to inoculate
bacteria and fungi into Petri dishes using the pour plate
count method (Singh and Mishra, 2013; Kannan et al.,
2018). Then it incubated at 37 °C for 24 h for bacteria and
27 °C for 48 h for fungi (Singh and Mishra, 2013). The
enumeration of bacteria and fungi colonies in Petri dishes
were counted by colony counter with 30—-300 of bacteria
colonies and 10-100 of fungi colonies (Saraswati et al.,
2007; Sornplang et al., 2011).

The calculation of the total population of bacteria and
fungi was refers to Saraswati et al. (2007) as follows:

Total population (CFU/g) = (number of colonies x df)/dw
where df, dilution factor in Petri dishes whose colonies
are counted and dw, dry weight of soil sample (g) = wet
weight x (1 — moisture content)

Statistical analysis

The bacteria and fungi population data were analyzed
statistically using R software version 4.1.0 (R Core Team,
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Figure 1: Sampling sites. (a) Square shows soil sampling in three blocks. (b) An example of soil sampling in the

weeded circle and windrow area.

2021) with the independent-sample t-test method and the
level of significance of 5% (Goh et al., 2020). This
analysis aims to determine differences of soil bacteria and
fungi population in oil palm fields with sorghum and
cassava intercropping while in the non-intercropping area
using M. bracteata as a legume cover crop.

RESULTS
Soil physical and chemical characteristics

In general, the soil texture on intercropping and non-
intercropping fields was relatively similar, although there
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was a slight variation. The soil texture is dominated by
sandy loam texture (Table 1), with the average fractions
of sand, silt and clay around 72%, 9% and 19%,
respectively. The result of soil moisture content was
slightly higher in the windrow area than in a weeded circle
(Table 1). Soil pH in this study ranged from 5.3 to 6.3.

Soil bacterial and fungal population
In the weeded circle of MB, sorghum and cassava, soil
bacteria populations were 1.7 + 0.4 x 10" CFU/g, 6.7 + 0.8

x 107 CFU/g and 1.7 + 1.6 x 107 CFU/g, respectively. Soil
bacteria in windrow area of MB, sorghum and cassava
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Table 1: Soil texture, soil moisture content, pH and soil organic carbon in oil palm intercropping field with several cash

crops.
Sample Soil areal Fraction (%) Soil texture Soil pH SOC

Sand Silt Clay moisture

content
Mucuna bracteata  Weeded circle 64 11 25 Sandy clay loam 22% 5.6 0.97%
Windrow area 76 7 17 Sandy loam 25% 5.3 1.16%
Sorghum Weeded circle 74 11 15 Sandy loam 19% 6.3 1.28%
Windrow area 68 11 21 Sandy clay loam 22% 6.1 1.09%
Cassava Weeded circle 74 7 19 Sandy loam 19% 5.8 1.05%
Windrow area 76 7 17 Sandy loam 20% 5.8 1.16%

Average fraction 72 9 19 Sandy loam

Table 2: Soil bacteria and fungi populations in oil palm intercropping field with several cash crops.

No Sample Soil areal Bacteria population (CFU/Q) Fungi population (CFU/g)

1 MB Weeded circle 1.7+0.4 x 1072 3.1+1.8x 1062
Windrow area 1.7+0.2x 107 3.6 +1.0 x 1062

2 Sorghum Weeded circle 6.7+0.8 x 107" 4.3+2.9x 106
Windrow area 1.7 +1.4 x 108° 2.2 £0.3 x 1062

3 Cassava Weeded circle 1.7+1.6x107™ 2.1+0.8 x 1062

Windrow area

1.6 £0.1 x 108° 2.4 +0.8 x 10%

The results of statistical analysis showed that there was a significant difference between the mean population of soil bacteria and no
significant difference between the mean population of soil fungi on sorghum and cassava plants compared to MB at significant level of

5%.

were 1.7 + 0.2 x 107 CFU/g, 1.7 + 1.4 x 108 CFU/g and
1.6 = 0.1 x 108 CFU/g, respectively (Table 2). Based on
these results, the bacteria population is similar to Pandey
et al. (2019), which ranged from 106-108 CFU/g. The
intercropping sorghum with legumes reached 3.3 x 108
CFU/g, while cassava plantations ranged from 2 x 106 to
6 x 106 CFU/g.

On the other hand, the fungi population in weeded
circle with sorghum was 4.3 + 2.9 x 10°% CFU/g, while in
MB and cassava were 3.1 + 1.8 x 108 CFU/g and 2.1 +
0.8 x 108 CFU/g. In windrow area, the fungi population of
MB, cassava and sorghum were 3.6 = 1.0 x 10% CFU/qg,
2.4 £ 0.8 x 105 CFU/g and 2.2 + 0.3 x 10%° CFU/g,
respectively (Table 2). These number are higher than soil
fungi population in the intercropping field of sorghum and
legumes conducted by Pandey et al. (2019) and Sule and
Oyeyiola (2012) which are 2.7 x 105 CFU/g and 1.0 x 103-
4.6 x 10% CFU/g.

DISCUSSION

Intercropping of oil palm with cassava and sorghum was
carried out in this study. These two crops were chosen
because cassava is one of the most important sources of
food energy in many tropical countries (Benti et al., 2020).
In addition, sorghum can be produced with satisfactory
yields and in dry and fragile ecological conditions where
production of other crops is difficult (Duvvada and Maitra,
2020). Statistical analysis between sorghum and cassava
compared to MB showed a significant difference for the
mean value of the bacteria population. Meanwhile, the
fungi population did not show a significant difference. The
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higher adaptability of bacteria than fungi could be one of
the factors that affect this event. It is in line with the
research of Gong et al. (2019) and Jiao et al. (2021), who
reported that intercropping had a more significant impact
on the diversity of soil bacteria rather than fungi because
bacteria had a higher sensitivity for adaptability. In
general, the population of soil bacteria is greater than the
fungi population, Schmitz (2021) reported that one gram
of soil can contain 107-108 CFU/g bacteria and 105-106
fungi CFU/g.

The soil bacteria and fungi population in the windrow
area tends to be higher than in the weeded circle of oil
palm. This is presumably due to relatively higher soil
moisture content and SOC (soil organic carbon) in the
windrow area. Soil moisture content directly affects the
availability of water for plants and microbes (Yan et al.,
2015), while SOC is a substrate to support the growth and
development of soil microbial (Araujo et al., 2012).
However, the soil fungi population in sorghum is higher in
the weeded circle. The SOC content might influence this
condition due to the addition of empty fruit bunches in the
weeded area. This opinion is in line with several studies
that reported that adding oil palm empty fruit bunches
(EFB) could increase the SOC content (Farrasati et al.,
2019; Harahap et al.,, 2020; Jacobs et al., 2020).
However, it is known that the addition of EFB is only
found in oil palm intercropping fields with sorghum (Figure
2).

Another interesting finding is the SOC between MB
and cassava showed a similar value which is 1.16% but
not in sorghum. The SOC content in the weeded circle
and windrow area was not much different but tended to
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Figure 2: Oil palm with the addition of empty fruit
bunches in weeded circle (a) and sorghum planted in
windrow area (b) (Photo by: Edy Sigit Sutarta - IOPRI).

be lower in the weeded circle, except for sorghum
because of the addition of oil palm empty fruit bunches.
Reduction of organic carbon in agricultural land caused
excessive use of inorganic fertilizers and pesticides,
tillage and loss of biomass due to harvesting (Farrasati et
al., 2019). Syarovy et al. (2021) mentioned that the
utilization of MB as a cover crop increased soil organic
matter. SOC content in all soil ranged from 0.97-1.28%
(Table 1). Plants can still grow, even though the obtained
SOC is low. According to Santoso et al. (2010), the SOC
content is classified as low. It is because the intercropping
system was only applied for one year and the MB did not
cover 100% of the observed area.

The soil pH range from 5.3 to 6.3 in this study was
considered the optimum condition for soil bacteria and
fungi growth. It is also suitable for oil palm growth, as
stated by Pahan (2015) that the optimum soil pH for oil
palm cultivation is around 5.0-5.5 and for the intercrops
like sorghum, cassava and MB (Butchee et al., 2012;
Howeler, 2014). The pH range for bacteria growth is 5-9
with an optimum pH of 7 (Basu et al., 2015) and pH
between 1-9 for fungi, optimum pH of 4-6 (Saranraj and
Stella, 2013). The soil pH in the weeded circle is higher
than the windrow area. It is presumably related to the
concentration of chemical fertilizers, especially rock
phosphate, which is higher in the weeded circle than the
windrow area. Rock phosphate can increase soil pH, as
reported by Ginting et al. (2020). On the other hand, soil
texture is relatively similar in all observed blocks and does
not directly affect the microbial populations (Seaton et al.,
2020).

Furthermore, the soil bacteria and fungi population
variation in different intercropping crops can be influenced
by underground biological processes. Araujo et al. (2012)
reported that microbial diversity in the soil could be
affected by root exudates, availability of carbon material,
and substrates such as amino acids, sugars and organic
acids that are important for microbial energy needs. Wang
et al. (2021) added that several plant species could
produce secondary metabolites in their root systems,
which encourage the interactions between roots and soil
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microbes and affect the structure and community of soll
microbes.

Sorghum produces a secondary metabolite called
sorgoleone. These exudates can stimulate certain
microbe growth, form microbial communities in the
rhizosphere and provide nutrients for microbes (Wang et
al., 2021). Research by Sarr et al. (2021) explained that
sorgoleone production increased the association between
sorghum with fungi and arbuscular mycorrhizae.
Meanwhile, according to Frediansyah (2021), there has
been no specific research about microbes in response to
exudate production in cassava plants. Therefore, besides
the availability of soil organic matter, the production of
root exudates by sorghum provides a greater and
preferable growing environment for soil bacteria and fungi
than in cassava intercrops.

CONCLUSION

The intercropping system of sorghum and cassava during
immature stage of oil palm in this study were shown to
increase the soil bacterial population in windrow and
weeded circle compared to the common cover crop M.
bracteata. On the contrary, the fungi population in the
intercropping (sorghum and cassava) and non-
intercropping system is relatively similar. Therefore, it can
be said that the intercropping system can be a promising
nature-based solution to enhance soil health in oil palm
plantation. Further research needs to be done to observe
the soil quality improvement in long term intercropping
system implementation. In addition, the urge to identify
functional bacteria and fungi populations which will
potentially enhance sustainability in crop production and
soil health of the oil palm intercropping field is also
required. This information can be used as a reference for
selecting most preferable intercropping crops that are
economically and ecologically beneficial.
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