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Abstract | Monocropping is commonly practiced by small-scale banana farmers for ease of management; 
however, concerns arise regarding its long-term effects on soil health and ecosystem stability. In order to 
ascertain the fact, this study investigated the impact of different durations of monocropping Lakatan banana 
on soil health as reflected by nematode community structure. For the extraction of nematodes, soil and 
root samples were collected from various banana farms practicing monocropping for 2-4, 5-9 and 10-15 
years. Farms with prolonged monocropping showed an increased population of plant-parasitic nematodes 
compared to free-living nematodes. Nematode family Hoplolaimidae was recorded as the most dominant 
(59.59%-80.49%) across all monocropping durations. Shannon and Simpson’s diversity indices were lowest 
at 10-15 years of continuous monocropping period, as compared to 2-4 years and 5-9-years. Maturity index 
(MI, 2.26) was highest at 5-9 years of continuous cultivation while structure index (SI, 68.93), and enrichment 
index (EI, 73.74) were highest in banana farms with monocropping periods of 2-4 years, and lower in banana 
farms with longer monocropping periods. Higher plant parasite index (PPI, 2.89-2.93) and PPI/MI (1.37) 
ratios were observed in monocropping periods of 10-15 years. Analysis of the c-p data indicated that soil 
conditions approach stress levels when farms are cultivated under 10-15 years of monoculture. Soil food 
web analysis revealed disturbances in the soil ecosystem, particularly in banana monocropping farms used 
for 5-15 years. Continuous monocropping for 5-15 years could disrupt the soil conditions, as evidenced 
by changes in the nematode community structure. These findings highlight that nematode communities 
can serve as sensitive indicators of soil quality and have the potential to elucidate the impact of farming 
management on soil health.
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Introduction

Sustainable agriculture emphasizes the long-term 
stewardship of natural resources over short-term 

economic gain. Its fundamental concept includes 
conservation of natural resources, maintaining soil 
fertility, and protection of biodiversity (Gomiero, 
2021). Various crops, including bananas, are subjected 
to sustainable agricultural practice as it has become 
the fourth most important crop in various countries, 
particularly in Southeast Asia (CropTrust, 2022). 
Globally, banana production reached approximately 
135 million tons in 2022 (Shahbandeh, 2024). 
Furthermore, bananas not only provide small-scale 
producers with adequate income but also serve as a 
crucial food source for over 400 million consumers 
(Rojas-Flores et al., 2022). In the Philippines, 
Lakatan is one of the most popular dessert banana 
varieties grown for domestic market and ranks 2nd 
after Cavendish in terms of production in the country. 
Region XII (SOCCSKARGEN) is among the top 
banana producers in the Philippines (ProMusa, 2020).

Like other staple commodities, lakatan banana plants 
are often cultivated using monoculture methods. 
This practice seeks to increase the production of 
high-yielding crops through the adaptation of new 
agricultural techniques ( John and Babu, 2021). 
However, Zhong et al. (2014) reported that long term 
continuous cropping of banana is contentious due to 
its potential to reduce crop productivity and degrade 
soil fertility. The result is a more delicate environment 
reliant on insecticides and artificial fertilizers. The 
concentrated presence of a single cultivar renders the 
crop vulnerable to rapid devastation even caused by 
single opportunistic species or pathogen (Drenth and 
Kema, 2021).

Intensive management of agroecosystems, such 
as monocropping, could significantly affect soil 
biodiversity and alter the structure and complexity 
of food webs in the below-ground communities 
including nematodes, potentially compromising 
the ecosystem functions and services (Lazarova et 
al., 2021). Monocrop banana farms contain diverse 
nematodes; however, nematode population fluctuates 
in response to several environmental factors, such 
as variations in soil moisture, temperature and pH. 
Any modifications in soil fertility are mirrored in the 
structure of the nematode community (Bongers and 
Ferris, 1999). Therefore, the nematode community 

structure is deemed an appropriate bioindicator 
of soil conditions and its preservation is crucial 
for maintaining soil quality that supports plant 
growth (Bünemann et al., 2018). While plant-
parasitic nematodes are becoming less vulnerable to 
disturbances (Aleuy and Kutz, 2020), community of 
free-living nematodes in banana farms, responsible 
for nutrient cycling and maintaining soil fertility, may 
be diminished due to monoculture practices (Zhong 
et al., 2012). 

Globally, of over 150 species of nematodes, 51 genera 
are found in monoculture banana farms (Nimisha and 
Nisha, 2019), and changes in the nematode population 
reflects the conditions of the agroecosystem. Other 
studies on nematodes in banana focused on the 
interaction between the host plant and pathogen 
(Herradura et al., 2012; Lara Posadas et al., 2016; 
Olivares et al., 2021; Sousa, 2024). Nematodes were 
also used as bioindicator of soil quality in banana 
plantations. For instance, it was examined in semi-
conventional monocrop banana farms in Indonesia 
treated with manure, lime, and fungicides (Yogaswara 
et al., 2021), in banana plantations in Uganda compared 
with coffee plantations (Bell et al., 2021), in banana 
farms with soil properties (Al-Ghamdi, 2021), and 
banana farms with vegetative ground covers (Pattison 
et al., 2020). The response of nematode communities 
to monoculture and mixed culture was also studied, 
but on legumes and grasses (Yingying et al., 2020). 
Thus, this study assessed the soil conditions of banana 
farms in relation to continuous cropping system, as 
reflected by the nematode community structure.

Materials and Methods

Description of the sampling site	
Lakatan banana farms at Pigcawayan (7°16’39.612”N, 
124°26’33.936”E) and Libungan (7°15’ 12.853”N, 
124°30’25.2”E), province of Cotabato in Region XII 
(SOCCSKARGEN), at the Southern part of the 
Philippines were considered as the sampling sites. 
The average annual temperature of the study sites 
was 26.7°C with average precipitation of 2,132 mm. 
Banana planted in the study sites have identical soil 
type (clay loam) and were maintained under the 
same management practices. Overall, a total of 9 
Lakatan farms consisting of three fields as replicate 
per treatment, with a minimum of one hectare each, 
were divided into three equal subplots. These farms 
had varying durations of continuous monocropping 
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as follows: 2-4 years, 5-9 years and 10 to 15 years 
(Figure 1).

Figure 1: Sampling areas of the study with a) 2-4, 
b) 5-9, and c) 10-15 years of continuous cropping of 
Lakatan.

Soil sampling
In each sampling plot, ten soil cores from the 
rhizosphere (within 30-cm diameter from the 
pseudostem) were taken randomly and combined 
to obtain a composite soil sample. Plants during the 
sampling period were either at early flowering or at 
fruit bearing stage. Soil samples were obtained using 
a soil corer (5cm in diameter) down to a depth of 
20cm.

Root examination and extraction of nematodes from root 
samples
A spade was used to collect the root portion from the 
plant base, on one side of the bunching sucker away 
from the mother plant and the following sucker. The 
roots were carefully examined for the occurrence of 
galling, lesions, and rotting symptoms caused by plant 
parasitic nematodes (Figure 2). Nematodes in the 10 
g roots were extracted by maceration (Coyne et al., 
2007) using a blender, and placed in extraction trays. 
Nematode suspension was collected after 48 hours.

Figure 2: Roots with galling, lesions, and rotting 
symptoms caused by plant parasitic nematodes.

Extraction of nematodes from soil samples
Nematodes were extracted from 200 g fresh soil using 

modified Baermann tray method (Whitehead and 
Hemming, 1965) for 48 hours. Nematode suspension 
was decanted into a 38 µm sieve. The residue was 
collected in containers and was added with 4% 
formaldehyde.

Counting and picking of nematodes
Nematodes in formaldehyde were rinsed off with tap 
water. Under the stereoscope, all the nematodes were 
counted with the use of the counting dish to obtain 
the nematode population and were then picked out 
using a nematode picking tool.

Fixing of nematodes
For fixing of nematodes, series of glycerol solutions 
(De Grisse, 1969) were used: solution 1 (4% formalin 
in 99 parts: glycerin in 1 part), solution 2 (95% ethanol 
in 95 parts: glycerin in 5 parts) and solution 3 (95% 
ethanol in 50 parts: glycerin in 50 parts). Picked out 
nematodes from the fixative were transferred to a dish 
containing 1 ml of solution 1. The dish with nematodes 
was placed in a closed glass vessel containing about 
1/10 of its original volume of 95% ethanol. The dish 
was left in a saturated atmosphere for 12 hours in an 
incubator at 40-45 oC. Solution 2 was added and the 
dish was partially closed to allow slow evaporation of 
ethanol. This was kept in the oven for 3 hours at 37 
oC. Solution 3 was added until nematodes are in pure 
glycerin.

Mounting and slide preparation
In mounting the nematodes, microscope slides were 
prepared with the paraffin wax ring. A paraffin ring 
was placed in the middle of the glass slide, and a 
small drop of glycerin was added (Ryss, 2017). The 
nematodes were then placed on it and a cover slip was 
placed at the top of the ring and was heated on a hot 
plate until the paraffin melts allowing the cover slip 
to settle down.

Identification of nematodes
Nematodes were characterized based on their 
morphological characteristics. Nematodes were 
identified to family and genus level. Reference books, 
identification guides, manual, and pictorial keys such 
as Jairajpuri and Khan (1982, 1992); Bongers (1994) 
were utilized to identify the nematodes.

Measurement of nematode diversity and indices
Diversity of nematodes from soil and roots of 
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banana plants under different cropping periods were 
determined using the dominance, Simpson’s and 
Shannon-Wiener diversity indices. Maturity index 
(MI), plant parasitic index (PPI), channel index (CI), 
enrichment index (EI), structure index (SI), and PPI/
MI ratio computed by utilizing the formula below. 
Dominance, Simpson’s and Shannon-Weiner indices 
were calculated using Paleontological Statistics 
(PAST) software. MI, PPI, EI, and SI were computed 
using the Nematode Indicator Joint Analysis (NINJA; 
Sieriebriennikov et al., 2014).

Where: D= Value of Simpson’s diversity index; Pi= 
proportion of individuals in the ith species; s= number 
of species.

Where: H’= Shannon-Wiener index; pi = number 
of individuals of species; ln(pi) = total number of 
individuals belonging to species.

Where: vi = the c-p value for nematode family i; fi = 
is the frequency of nematode family i, n = is the total 
number of individual nematodes in the sample.

Where: vi= the c-p value for plant parasitic 
nematodes family i; fi= is the frequency of plant 
parasitic nematodes family i; n = is the total number 
of individual nematodes in the sample.

Where; CI= channel index; Ba₁= opportunistic 
bacterivorous nematodes; Fu₂= generalist fungivorous 
nematodes W₁=3.2; W₂= 0.8

Where; EI= enrichment index; e = (Ba₁ W₁) + (Fu₂ 
W₂); b = (Ba ₂ + Fu ₂).

Where; SI= structure index; s= (Ban Wn)+ (Can Wn) 
+ (Fun Wn) + (Omn Wn); b = (Ba₂ + Fu₂).

Statistical analysis
Values from the computed indices were compared 
in the three farms with varying durations of 
monocropping system using nonparametric Kruskal-
Wallis. Differences at p < 0.05 was considered as 
significant. Dunn’s test was used as post-hoc analysis 
and was computed using Paleontological Statistics 
(PAST) software. Similarity percentages (SIMPER; 
Clarke, 1993) was used to assess the contribution 
of a particular taxa towards the observed similarity 
(dissimilarity) between the banana farms with 
different durations of continuous cultivation. The 
observed dissimilarity was then evaluated using 
Analysis of Similarity (ANOSIM) to determine the 
significant differences between the identified taxa 
from continuous cultivated banana farms.
 
Results and Discussion

Nematode population 
The mean nematode population density in the 
rhizosphere was highest (178.7 individuals per 200 g 
soil) in banana farms with 10-15 years of continuous 
cropping (Table 1). In contrast, the lowest nematode 
density (81.9 individuals per 200 g soil) was recorded 
in farms with 5-9 years of continuous cropping. The 
average population count of nematodes in banana 
roots were comparable (87.8-103.8 individuals per 10 
g roots) in the banana farms with different durations of 
monocropping. Normally, in a favorable environment, 
nematode populations are expected to increase as the 
banana plantation age (Davide, 1980). This is evident 
in the banana roots in this study, as the population 
density increased with the years of continuous 
cultivation. Variability in the nematode population in 
farms practicing different periods of monocropping 
was observed. Nematodes are diverse and abundant 
in soil and the fluctuations in their populations are 
attributed to their sensitivity to changes within the 
soil ecosystem driven by various agricultural practices 
(Yeates and Bongers, 1999) including continuous 
cultivation system. 
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Table 1: Mean nematode population density in the 
roots (10 g) and rhizosphere (200 g) of Lakatan 
(Musa acuminata) cultivated across varying periods of 
continuous cropping system.
Cropping duration 
(years)

Nematode density 
Rhizosphere Roots

2-4 126.8 ± 49.1 87.8 ± 26.7 
5-9 81.9 ± 59.6 91.3 ± 85.3 
10-15 178.7 ± 67.5 103.8± 95.1

Mean ± standard deviation.

Nematodes from monoculture banana farms with varying 
monocropping durations
Free-living and plant parasitic nematodes observed 
in the banana farms with different cultivation periods 
are presented in Table 2. There were 9.38% of free-
living and 90.62% plant parasitic nematodes in 200 
g of rhizosphere from banana farms under 2-4 years 
of monocropping. The relative abundance of free-
living nematodes gradually decreased with years of 
continuous cultivation while plant parasitic nematodes 
showed otherwise. The lowest (2.18%) relative 
abundance of free-living nematodes from 10 g of roots 
was observed at 10-15 years of continuous cultivation 
while the highest (96.57%) plant parasitic nematodes 

was also observed in a similar duration. These findings 
are in accordance with the study of Chen et al. (2021) 
on monoculture cotton farms, indicating that longer 
periods of monoculture are detrimental to free-
living nematodes while it increased the population of 
plant-parasitic nematodes. Long term monocropping 
have the potential to disrupt the natural diversity of 
the soil ecosystem and the complexity of available 
nutrients. This often creates conditions favorable to 
plant-parasitic nematodes, as resources fluctuates for 
other free-living nematodes. Furthermore, nematodes 
exhibit food and host specificity, and the continuous 
cultivation of banana could promote the proliferation 
of plant-parasitic nematodes that specifically feed on 
this host plant thereby limiting the access of other 
free-living nematodes to nutrients (Li et al., 2016a).

Five orders of nematodes were observed in banana 
farms with 2-4 years of monocropping period, 
namely: Dorylaimida, Mononchida, Monhysterida, 
Rhabditida, and Tylenchida (Table 3). All of these 
nematode taxa were also found in Lakatan farms 
with 5-9 and 10-15 years of monocropping duration 
except for order Monhysterida.

Table 2: Relative abundance (%) of free-living and plant parasitic nematodes in the roots (10 g) and rhizosphere 
(200 g) of Lakatan farms under various monocropping periods.
Cropping du-
ration (years)

Rhizosphere Root Total
Free-living (%) Plant-parasite (%) Free living (%) Plant-parasite (%) Free living (%) Plant-parasite (%)

2-4 9.38 90.62 14.68 85.32 11.55 88.45
5-9 6.25 93.75 8.27 91.73 7.31 92.69
10-15 2.18 97.82 3.43 96.57 2.64 97.36

Table 3: Nematodes identified in the roots and rhizosphere of banana farms under three different monocropping durations.
Order Family Genus Trophic classification c-p 

value
p-p 
values

Cropping duration (years)
2-4 5-9  10-15 

Dorylaimida Aporcelaimidae Aporcelaimellus Predator 5 N/A + - -
Dorylaimidae
Nygolaimidae

Dorylaimus Omnivore 4 N/A + + +
Nygolaimus Predator 5 N/A + + +

Qudsianematidae Eudorylaimus Predator 4 N/A + + +
Mononchida Mononchidae Clarkus Predator 4 N/A + + +

Iotonchus Predator 4  N/A + + -
Monhysterida Monhysteridae Eumonhystera Bacterivore 2 N/A + - -
Rhabditida Cephalobidae Cephalobus Bacterivore 2 N/A + + +

Panagrolaimidae Panagrolaimus Bacterivore 1 N/A + + +
Rhabditidae Mesorhabditis Bacterivore 1 N/A + + +

Tylenchida Hoplolaimidae Helicotylenchus Semi-endoparasite N/A 3 + + +
Hoplolaimus Semi-endoparasite N/A 3 + + +
Rotylenchus Semi-endoparasite N/A 3 + + +

Heteroderidae Meloidogyne  Sedentary endoparasite N/A 3 + + +
Pratylenchidae Pratylenchus Migratory-endoparasite N/A 3 + + +

+present; - absent; N/A – not applicable; c-p-colonizer-persister; p-p- plant-parasite.
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Table 4: Mean nematode abundance and relative abundance (%) obtained from Lakatan farms with varying 
monocropping durations.
Nematode taxa Cropping durations

2-4 years  5-9 years 10-15 years
Abundance Relative 

abundance (%)
Abundance Relative 

abundance (%)
 Abundance Relative 

abundance (%)
Aporcelaimidae 0.11 0.05 0.00 0.00 0.00 0.00
Dorylaimidae
Nygolaimidae

0.22 0.05 0.11 0.19 0.22 0.08
2.00 0.90 0.11 0.19 0.22 0.12

Qudsianematidae 1.11 0.52 0.44 0.26 0.22 0.08
Mononchidae 1.89 0.80 0.44 0.26 0.22 0.08
Monhysteridae 0.11 0.05 0.00 0.00 0.00 0.00
Cephalobidae 11.33 5.18 8.11 4.68 5.00 1.77

Panagrolaimidae 3.11 1.33 1.89 1.10 1.22 0.43
Rhabditidae 5.00 2.30 1.11 0.64 0.22 0.08
Hoplolaimidae 149.33 70.02 103.22 59.59 238.44 80.49
Heteroderidae 6.78 3.10 1.44 0.83 11.22 3.97
Pratylenchidae 33.56 15.70 55.89 32.26 36.44 12.90

On the nematode family level, 12 families were recorded 
in areas with 2-4 years of monocropping period. 
Similar nematode families (except for Aporcelaimidae 
and Monhysteridae) were also observed at 5-9 years 
and 10-15 years of banana cultivation. Commonly, 
the abundance of Aporcelaimidae and Monhysteridae 
indicates the presence of varied food sources capable 
of sustaining their development and reproduction. The 
decline in population during the succeeding years of 
monocropping could possibly be due to fluctuations 
in nutrients availability within the banana farms as 
the period of continuous cropping persists (Tabarant 
et al., 2011).

A total of 15 genera were identified in this study 
in which bacterial feeders Mesorhabditis and 
Panagrolaimus are classified under cp-1 while 
Cephalobus and Eumonhystera are categorized as 
cp-2. On the other hand, Clarkus, Iotonchus, and 
Eudoryolaimus fall into cp-4, and Nygolaimus along 
with Aporcelaimellus, are designated as cp-5 indicating 
their role as predators. Nematodes with omnivorous 
tendencies, such as Dorylaimus are characterized 
as cp-4. Meanwhile, herbivorous nematodes, 
including Meloidogyne (sedentary parasites), 
Pratylenchus (migratory endoparasites),  Rotylenchus, 
Helicotylenchus, and Hoplolaimus (semi-endoparasites) 
are classified under p-p 3 (Bongers, 1999).

Among all the 12 families identified, Hoplolaimidae 
was observed to be the most abundant (149.33 

individuals or 70.02%) under 2-4 years of Lakatan 
monoculture (Table 4). This was followed by 
Pratylenchidae (33.56 or 15.70%), Cephalobidae 
(11.33 or 5.18%), and Heteroderidae (6.78 or 3.10%), 
while the other nematode taxa appeared in very low 
frequencies (0.11-5.00 individuals or 0.05%-2.30%). 
Similar trend was observed under 5-9 years of 
monocropping period and 10-15 years of continuous 
cultivation except that the abundance of Cephalobidae 
decreased under 10-15 years whereas the abundance 
of Heteroderidae increased in the same period of 
monocropping. Notably, along with Pratylenchus and 
Meloidogyne, several genera of Hoplolaimidae such as 
Rotylenchulus, Helicotylenchus, and Hoplolaimus were 
frequently encountered in banana farms in West 
Bengal, India (Khan and Hasan, 2010). Among those 
aforementioned species of nematodes, Helicotylenchus 
are found to be dominant in banana farms in tropical 
areas like Tamil Nadu, India (Tharani et al., 2021). 
Their frequencies may suggest a shift towards a soil 
ecosystem dominated by plant-parasitic nematodes 
(Dutta and Phani, 2023). Aside from plant parasitic 
nematodes, c-p 2 Cephalobidae, were also influenced 
by varying continuous cropping periods. The 
abundance of Cephalobidae in this study, indicates 
a stressed or polluted soil ecosystem. However, the 
gradual decline in their population, coupled with 
the sudden prevalence of plant-parasitic nematodes 
during monocropping, mirrors a shift towards 
a less bacterial-prevalent ecosystem (Ferris and 
Bongers, 2006). Omnivorous nematodes were also 
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Table 5: Distribution of various feeding types of nematodes identified from Lakatan farms with various periods of 
monocropping.
Trophic classifica-
tion

Cropping durations  p 
value2-4 years  5-9 years 10-15 years

Abundance Relative 
abundance (%)

Abundance Relative 
abundance (%)

Abundance Relative 
abundance (%)

Bacterivores 176 9.11 100 6.41 58 2.28 0.30
Predators 46 2.38 11 0.71 7 0.28 0.23
Omnivores 1 0.05 3 0.19 2 0.08 0.43
Herbivores 1708 88.46 1445 92.69 2475 97.36 0.82
Plant parasitic nematode
Semi-endoparasite 1345 78.75 929 64.29 2046 82.67 0.01
Sedentary parasite 61 3.57 13 0.90 101 4.08 0.18
Migratory parasite 302 17.68 503 34.81 328 13.25 0.18

observed in lower frequencies. The lower population 
or the absence of omnivorous nematodes could reflect 
a soil ecosystem heavily exposed to contaminants and 
disturbances, further reflecting a disruption of food 
resources and less diverse soil ecosystem (Stirling and 
Linsell, 2014; Sánchez-Moreno and Ferris, 2018).

In 2-4 years of cultivation, plant parasitic nematodes 
dominated which accounts for 88.46% (1,708 
individuals) of the population, followed by bacterial 
feeders at 9.11% (176 individuals), and few predators 
(46 individuals or 2.38%) (Table 5). Similarly, 10-
15 years of monocropping exhibited a prevalence 
of plant parasites at 97.36% (2,475). No significant 
difference in the relative abundance of nematode 
trophic classification was observed between the 
different monocropping periods, except on semi-
endoparasitic nematodes. Among all the plant-
parasites, semi-endoparasites thrive the most with 
the highest abundance (2,046 or 82.67%) at 10-15 
years of monocropping cultivation. Migratory plant-
parasitic nematodes showed a gradual increase in 
population over time. Plant-parasitic nematodes 
are host-specific nematodes, therefore, continuous 
cultivation of banana could increase the intensity 
of resource competition between plant-parasitic 
nematodes (Stefanovska et al., 2023).

The proliferation of plant parasitic nematodes poses 
significant threat to agricultural crops like banana. 
By feeding on the roots of banana, these nematodes 
damage root tissues, directly impeding water and 
nutrient uptake crucial for plant development. In 
line with the findings of this study, Ozarslandan et al. 
(2019) reported the predominance of Helicotylenchus 

(Hoplolaimidae), Meloidogyne (Heteroderidae), as 
well as Pratylenchus (Pratylenchidae), identifying 
them as the major causes of root diseases in bananas 
farms in Turkey. Additionally, the high frequencies of 
plant-parasitic nematodes in soil may induce bacterial 
and fungal infections in crops, as it provides entry for 
other pathogens like Fusarium, Rhizoctonia solani and 
Thielaviopsis basicola (Manzanilla-Lopez and Starr, 
2009; Olivares et al., 2021), that could potentially lead 
to greater economic losses in banana plantations.

Table 6: Nematode diversity indices calculated in the 
rhizosphere of Lakatan farms under different cultivation 
periods.

Cropping duration p 
value2-4 years  5-9 years 10-15 years

Taxa 12 10 9 0.91
Individuals 1141 737 1608 0.97
Dominance 0.77 0.82 0.75 0.94
Simpson 0.23 0.18 0.25 0.94
Shannon 0.62 0.47 0.49 0.91
MI 2.25 2.26 2.14 0.82
PPI 2.72 2.82 2.93 0.88
PPI/MI 1.20 1.25 1.37 0.90

Nematode diversity in banana farms with varying 
periods of continuous cropping
On farms with 2-4 years of monocropping, highest 
number (12) of nematode taxa was recorded, 
but not significantly different in farms with 10-
15 years of continuous cultivation (Table 6). In 
contrast, dominance was most pronounced (0.82) in 
monocropping durations of 5-9 years, and less (0.75) 
in 10-15 years monocropping durations. The high 
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dominance observed on continuous monocropping 
could possibly be due to the high density of nematodes 
obtained per periods of monoculture; although it 
is not always the case, lower density may favor the 
dominance of a particular species as there is lesser 
intensity for resource competition (Hillebrand et al., 
2008).

Simpson’s diversity index exhibited its lowest value 
in 5-9 years of monoculture at 0.18. Accordingly, 
Shannon diversity index was highest (0.62) at 2-4 
years but decreased (0.47-0.49) at 5-15 years of 
monocropping banana. Similar observations were 
recorded in rubber plantations by Panklang et al. 
(2022) where the Shannon and Simpson’s diversity 
indices decreased at 10 years of monoculture, leaving 
particular species to proliferate as the years of 
continuous cultivation of rubber increases. This could 
possibly arise when the soil environment can no longer 
sustain varied species, instead promoting the growth 
of only those that can readily adapt towards the 
prevailing conditions (Nielsen et al., 2015). However, 
compared to the computed diversity indices in this 
study, monocropped rubber, as reported by Panklang 
et al. (2022) have a higher value of Shannon (1.4) and 
Simpson’s (7.8) diversity indices, indicating a more 
diverse nematode community than those that were 
observed in continuous cultivated Lakatan farms.

The maturity index (MI) was highest at monocropping 
duration of 5-9 years at 2.26 and lowest (2.14) at 10-
15 years of banana monoculture. MI values obtained 
in this study signifies a polluted environment across 
banana farms under varying monocropping periods. 
This further corresponds to the prevalence of 
pollution- or stress- tolerant bacterivores nematodes 
(c-p2) recorded in this study. Moreover, the recorded 
MI is notably lower compared to the findings of 
Hoang et al. (2021), who noted a computed maturity 
index ranging from 3.48-3.39 over a span of 2-12 
years of monocropping Robusta coffee. The differences 
between the values of diversity indices computed across 
different types of continuous cultivated crops could be 
due to the variations in farming managements such as 
utilization of different fertilizers, pesticides and other 
cultural practices. Other than that, each crops secrete 
different types of nutrients available and favorable for 
certain types of nematodes (Ortiz et al., 2016).

The plant parasitic index (PPI) of the banana farms 
in the rhizosphere in this study increased over time, 

reaching 2.93 at 10-15 years of monocropping. The 
PPI value exceeding 2.0 suggests an assemblages 
dominated by semi-endoparasitic nematodes (Du 
Preez et al., 2022). This is supported by the gradual 
increase of semi-endoparasitic nematodes recorded 
in this study. Similarly, PPI/MI was lowest (1.20) 
at 2-4 years monocropping and it progressively 
increased to 1.37 at 10-15 years of monocropping. 
No significant differences were observed between 
nematode community diversity indices across the 
different monocropping periods. However, the PPI/
MI observed is lower than what Chen et al. (2021) 
documented in 10-15 years of monocropping cotton, 
having 1.56 PPI/MI ratio. The rising value of PPI/MI 
indicates a community prevalent of plant-parasitic 
nematodes over free-living nematodes. 

Table 7: Nematode diversity indices calculated from roots 
of Lakatan banana under different cultivation periods.

Cropping duration p value
2-4 years  5-9 years 10-15 years

Taxa 3 3 3 0.95
Individuals 674 754 902 0.93
Dominance 0.32 0.45 0.54 0.96
Simpson 0.68 0.56 0.46 0.91
Shannon 1.40 1.03 0.92 1.00
PPI 2.56 2.75 2.89 0.92

The diversity of plant parasitic nematodes identified 
from the root samples associated with different 
monocropping periods is presented in Table 7. In 
contrast to the nematode community observed 
in the rhizosphere, dominance values increased 
proportionally with the duration of cultivation but 
not significantly with 10-15 years period showing 
the highest dominance value of 0.54. Meanwhile, 
Simpson and Shannon indices decreased with 
prolonged continuous cultivation. Similar to the 
nematode community in the rhizosphere, the PPI 
observed in root samples was lowest (2.56) at initial 
years of monocropping but gradually increased (2.89) 
at 10-15 years of monocropping. The recorded PPI 
of nematodes in the roots was lower than what was 
observed in the rhizosphere. Since plant-parasitic 
nematodes are host-specific nematodes, continuous 
cultivation of banana could increase the intensity 
of resource competition between plant-parasitic 
nematodes (Stefanovska et al., 2023). Endoparasitic 
nematodes penetrate root cells, damaging the tissues 
and subsequently reducing root exudates, which in 
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turn affects the nutrient acquisition of other plant-
parasitic nematodes (Liu and Park, 2018). This study 
further suggests that continuous cultivation could 
lead to the disruption of nematode diversity in banana 
farms in the long run, promoting the accumulation 
of stress-tolerant and semi-endoparasitic nematodes 
(Tian et al., 2020).

The similarity percentages (SIMPER) were 
calculated to assess the degree of dissimilarities 
between the various periods of monocropping and 
to determine which nematode taxa contribute the 
most to the dissimilarity between the communities 
across the three monocropping durations (Table 8). 
The average dissimilarity between 2-4 years and 5-9 
years monocropping durations was 38.86%. Out of all 
the nematode taxa identified, Hoplolaimidae had the 
highest contribution to the dissimilarity accounting 
for 50.04 followed by Pratylenchidae (31.0), and 
Cephalobidae (5.47). Conversely, Aporcelaimidae and 
Monhysteridae have the lowest (0.08) contribution to 
the dissimilarity. The dissimilarity observed between 
the taxa from 2-4 years and 5-9 years of monocropping 
are not significantly different except for Rhabditidae 
(p = 0.04). Furthermore, the calculated R value (0.03) 
indicates a difference between monocropping periods 
but with some overlap.

On the other hand, the average dissimilarity between 
2-4 years and 10-15 years of monocropping is 34.42%. 
Accordingly, Hoplolaimidae contributed the most to 
the dissimilarity (64.63%). Of all the 12 identified 
nematode taxa, Hoplolaimidae, Rhabditidae, 
Panagrolaimidae, Mononchidae, and Nygolaimidae 
are significantly different (p < 0.05) between 2-4 
years and 10-15 years of monocropping banana. 
The R value recorded between the similar periods 
of cultivation is 0.19, suggesting an observable 
difference (with some overlaps) between the two 
periods of monocropping.

Dissimilarity between 5-9 years and 10-15 years of 
monoculture is the highest observed dissimilarity in 
this study, accounting for 45.12%, on average. All 
the nematode taxa are not significantly different 
except for Rhabditida (p= 0.02) and Hoplolaimidae 
(p=0.01). Moreover, based on the computed analysis 
of similarity (ANOSIM), 5-9 years and 10-15 
years of cultivation has the highest R value (0.33), 
indicating weak variation between similar periods of 
monoculture.

Table 8: Similarity percentages of nematodes (roots and 
rhizosphere) under different monocropping durations.
Order Family Contribu-

tion (%)
Signifi-
cance

2-4 years vs 5-9 years of monocropping 
(average dissimilarity = 38.86%; R = 0.03)
Dorylaimida Aporcelaimidae 0.08 1.00

Dorylaimidae 0.18 0.81
Nygolaimidae 1.44 1.00
Qudsianematidae 0.70 0.30

Mononchida Mononchidae 1.17 0.07
Monhysterida Monhysteridae 0.08 1.00
Rhabditida Cephalobidae 5.47 0.54

Panagrolaimidae 1.49 0.21
Rhabditidae 3.58 0.04

Tylenchida Hoplolaimidae 50.04 0.24
Heteroderidae 4.76 0.76
Pratylenchidae 31.0 0.81

2-4 years vs 10-15 years of monocropping 
(average dissimilarity = 34.42%; R =0.19)
Dorylaimida Aporcelaimidae 0.00 1.00

Dorylaimidae 0.20 1.00
Nygolaimidae 1.20 0.03
Qudsianematidae 0.61 0.15

Mononchida Mononchidae 1.01 0.04
Monhysterida Monhysteridae 0.00 1.00
Rhabditida Cephalobidae 4.93 0.06

Panagrolaimidae 1.48 0.03
Rhabditidae 3.12 0.02

Tylenchida Hoplolaimidae 64.63 0.02
Heteroderidae 7.03 0.70
Pratylenchidae 15.66 0.07

5-9 years vs 10-15 years of monocropping 
(average dissimilarity = 45.12%; R = 0.33)
Dorylaimida Aporcelaimidae 0.00 1.00

Dorylaimidae 0.13 1.00
Nygolaimidae 0.12 1.00
Qudsianematidae 0.23 0.62

Mononchida Mononchidae 0.23 0.62
Monhysterida Monhysteridae 0.00 1.00
Rhabditida Cephalobidae 3.17 0.32

Panagrolaimidae 0.91 0.24
Rhabditidae 0.51 0.02

Tylenchida Hoplolaimidae 67.25 0.01
Heteroderidae 4.80 0.07
Pratylenchidae 22.66 0.40
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Nematode community structure in banana farms with 
different periods of continuous cropping
The structure index was highest (68.93) at 2-4 
years of monocropping and was lowest (46.22) at 
5-9 years of continuous monocropping cultivation 
(Table 9). Enrichment index on the other hand, 
decreased (73.74-53.69) with the increasing period 
of monocropping. This reflects a less structured, 
less complex and unbalanced community, and an 
agroecosystem becoming lesser enriched over the 
years of continuous cultivation. Having a similar 
variety of crop planted over time within a specific field 
could disrupt the soil and the availability of nutrients. 
This is because monoculture farms typically utilize a 
limited variety of fertilizers and promotes a less varied 
influx of organic matter, leading to imbalances in soil 
health. These imbalances could adversely affect the 
proliferation of bacterial and fungal feeder nematodes 
that contribute to nutrient cycling (Yogaswara et al., 
2021).

Table 9: Structure and enrichment indices of Lakatan 
farms (roots and rhizosphere) under different continuous 
monocropping cultivation periods.
Index Cropping duration p-value

2-4 years 5-9 years 10-15 years
Structure 68.93 46.22 48.72 0.11
Enrichment 73.74 59.67 53.61 1.00

Notably, no channel index was calculated since fungal-
feeder nematodes were not observed. The utilization 
of chemical pesticides with fungicidal properties in 
farming practices could possibly affect the fungal 
community, further reducing the number of fungal-
feeding nematodes (Zhang et al., 2020). Nonetheless, 
different monocropping periods exhibit no significant 
variation in nematode community’s structure and 
enrichment indices.

In addition, the nematode community structure and 
soil stability were assessed by utilizing the c-p group 
succession, as shown by the constructed c-p triangle 
(Figure 3). Among all the various monocropping 
periods, farms under 10-15 years of monocropping 
were the closest to a stressed condition, followed by 5-9 
years, and lastly, the 2-4 years being the least stressed 
environment. As reflected by the succession of c-p 
groups in the c-p triangle, 10-15 years of continuous 
cultivation was the closest to having a stress soil 
condition. This was evident by the increase in c-p 2 

nematodes (general opportunists, stress tolerant) and 
gradual decrease in c-p1 (enrichment opportunists) 
and c-p 3 -5 (persisters) (de Goede et al., 1993). This 
further suggests that long term continuous cropping 
could result in a more stressful environment and 
a gradual shift from a more enriched opportunist 
community to general opportunists-dominated 
community (Berkelmans et al., 2003).

Figure 3: c-p triangle depicting the succession of nematode 
c-p groups reflecting soil status of banana plantations 
under different cropping periods.

Figure 4: Food web analysis of nematode communities 
in banana plantations under different monocropping 
periods.

Food web analysis (Figure 4) underscore the soil 
health status of farms with varying monocropping 
durations as reflected by the nematode communities. 
Initial (2-4) years were found to have a maturing 
food web condition, low C:N, N-enriched with 
bacterial feature environment, while 5-9 years and 
10-15 years of continuous cultivation of banana 
were placed at quadrant A, indicating a community 
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with high disturbance, N-enriched, and a disturbed 
food web condition. Food web analysis in this study 
further suggests that long-term mono-cropping 
system causes the nematode community to have a 
less complex food web interactions and will result to a 
disturbed soil environment (Leiririo et al., 2022). This 
observation aligns to the findings of Li et al. (2016b) 
where long-term monocropping of strawberry caused 
the soil food web to be disturbed as reflected by the 
nematode community structure. 

Disturbed food web and soil ecosystem encompasses 
various imbalances and disruptions within an 
ecosystem’s food chain and the physico-chemical 
properties of the soil. It is an indicative of changes 
within nematode’s population dynamics, involving a 
sudden increase or decrease in specific populations 
such as predators, and decomposers (Ferris, 2010). 
This is evident from the lower abundance of the 
predators and bacterivores nematodes recorded in the 
study.

Conclusions and Recommendations

The varying periods of continuous cultivation of 
banana plants have contributed to the variations in 
the nematode communities observed in both the 
roots and rhizosphere of banana farms. Nematode 
diversity is adversely influenced by prolonged 
periods of monocropping, leading to a noticeable 
prevalence of plant-parasitic nematodes. Differences 
in food web complexity, maturity, and structure of 
nematode communities are also associated with the 
varying periods of continuous banana cropping. The 
5-9-year and 10-15-year periods present a stressed 
and disturbed soil environment. Longer years of 
monocropping have exerted a negative influence on 
soil health conditions, as reflected by the nematode 
community. This study highlights importance of 
sustainable farming management and underscores 
the use of nematode community structure in 
understanding soil conditions and soil biodiversity as 
influenced by several agricultural practices including 
monocropping.
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