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Pepper (Piper nigrum L.) is a high economic value plant species that brings the main income to the
people at Loc Hung commune. So the pepper’s yield plays a significant role in people’s life in this
region. To assess the influence of environmental factors on the growth and development of pepper,
we need to analyse the structural characteristics of soil nematode communities in order to prompt-
ly detect the levels of parasitic nematodes infection as well as assessment of soil environment sta-
tus based on nematode communities. Study results at five sampling stations are analyses of 30
genera of nematodes belonging to 6 major trophic groups (bacterial feeders, fungal feeders, algal
feeders, omnivores, carnivores and plant parasites). Calculation results of indices such as XMI,
¥MI2-5, MI and PPI showed that soil nematodes community is very little affected by the bacteria
feeder group and the rate of parasitic nematode pepper quite severe. Analysis of correlation be-
tween trophic groups showed that nematodes are sensitive to environmental factors. This means
the potential use of nematodes as a biological indicator for soil quality is possible.

Hé tiéu (Piper nigrum L.) la cdy trong co gid tri kinh 1é cao va la nguon thu nhdp chinh cia nguoi
dadn tai xa Loc Hung. Do do, nang sudt cdy tiu c6 y nghia vt 1om doi véi doi song nguwoi ddn
trong vung. De danh gia anh huong cua cdc yeu 1 moi truong lén sy sinh truong va phat trién
ciia cdy tiéu, can phai phan tich dac trung cau tric quan xd tuyén trimg dat ciia viing nham phdt
hién kip thoi mirc dé nhiém tuyen trung ky sinh trén hé tiéu ciing nhw ddanh gid nhanh hién trang
moi truong ddt dua trén quan xa tuyen trung. Két qua nghién ciru tai 5 diém thu mdu phan tich
duge 30 giong tuyén tring thudc 6 nhém dinh dwdng chinh (an vi khudn, an nam, dn tdo, dn tap,
an thit va ky sinh thue vat). Két qua tinh todn cdc chi sé YMI, YMI2-5, MI va PPI cho thdy quan
xd tuyén trung dat ¢ ddy rat it chiu anh huéng ciia nhém an vi khudn va ty le hé tiéu nhiém ky sinh
kha nang. Phdn tich twong quan gitta cac nhom dinh duong cho thay tuyén trimg khd nhay cam
vOi cac yeu 16 moi truong, diéu nay cho thdy tiém ndng sir dung tuyén trimg nhw mot sinh vt chi
thi cho chdt heong méi truwong ddt.
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1. Introduction prospective bio-indicator (Cairns et al., 1993): abundance
in virtually all environments, diversity of life strategies

N tod i tebrat that h t poten-
ematoctes ate an ifiveriebrate group tat as greal poten and feeding habits (Freckman, 1988; Yeates et al., 1993a),

tial in the use as indicator organisms for soil quality.
Nematodes possess the most important attributes of any
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short life cycles, and relatively well-defined sampling
procedures. Therefore, nematode community structure
will reflect the differences of environmental quality. The
environmental factors will impact on the nematode groups
in soil and change the proportion of these groups to re-
spond with disturbances. Conventional farming systems
have been associated with many environmental risks, so
the ability to monitor and assess the quality of soil agro-
ecosystem would be of significant importance. The idea
that changes in the soil environment imposed by agricul-
tural management practices could be revealed by
measures of nematode community patterns has been in-
vestigated in recent years (Ferris et al., 1996; Freckman
and Ettema, 1993; Yeates et al., 1997; Nguyen Ngoc
Chau and Nguyen Vu Thanh, 2005; Duong Duc Hieu et
al., 2009).

For these reasons, several researchers have attempted to
develop relationships between nematode community
structure and succession of natural ecosystems or envi-
ronmental disturbance (Ettema and Bongers, 1993;
Freckman and Ettema, 1993; Freckman and Virginia,
1997; Wasilewska, 1994; Yeates and Bird, 1994). Thus, it
is important to find trends illustrating the soil condition,
but more important to find their explanation.

For pepper cultivation area in Loc Hung — Binh Phuoc
province, the soil nematode community structure will
reflect characterized farming and environmental status of
the land. Besides, pepper parasitic nematodes cause loss
of economic. Therefore, analysing community structure to
assess parasitic level and environmental status of land in
the study area is important to give methods to minimize
the effects of parasitic nematodes and to give appropriate
cultivation methods to improve plant productivity without
causing degradation of land environment.

2. Location, materials and methods

2.1 Location

Figure 1. The sampling stations map in Loc Hung
(Binh Phuoc province)

Loc Hung commune (Loc Ninh district, Binh Phuoc prov-
ince) locates in the south of Vietnam and near Ho Chi
Minh city. We used GPS to determine the coordinates of

sampling points (Table 1) and used MapInfo 9.0 software
to build the diagram sampling position (Figure 1).

Table 1. The coordinates of stations in Loc Hung

Sample coordinates

Stations
North latitude East longitude
LH1 12°28°53,20” 106°39°37,90”
LH2 12°29°15,63” 106°47°18,08”
LH3 11°01°00,64” 106°21°19,48”
LH4 12°45°01,06” 10651°49,41”
LH5 12°06°06,08” 106°22°46,60”

2.2 Materials and methods

Surveying and sampling at 5 pepper farms on January,
2012. We randomly selected 3 pepper stumps from each
farms, in each stump we collected 3 soil samples by using
the method of Nguyen Ngoc Chau (2003): 30cm out of
stump, depth from 10 - 15cm, about 500 gram soil, then
the samples were preserved in plastic bags. The total
number of samples includes 15 soil samples that were
respectively denoted LH1, LH2, LH3, LH4, and LHS.
Sampling temperature was about 30-33°C.

Nematodes were extracted from 100 gram soil each sam-
ple by decanting and centrifugation with sugar media (Nic
Smol, 2007). After counting on the square counting dish,
nematodes were picked up and mounted by Seinhorst’s
method (1959), then 200 individuals per site were ran-
domly selected and identified to taxonomic genus accord-
ing to Fauna in Vietnam (Nguyen Ngoc Chau and Ngu-
yen Vu Thanh 2000; Nguyen Vu Thanh, 2007); Freshwa-
ter nematode: Ecology and Taxonomy (Abebe, E., et al.,
2007), Aphelenchida, Longidoridae and Trichodoridae
(Hunt, D.J., 1993).

Nematodes were classified as six trophic groups: bacterial
feeders, fungal feeders, algal feeders, omnivores, carni-
vores and plant parasites. The classification of feeding
groups mainly followed Yeates et al. (1993).

The determination of nematode types along the coloniza-
tion-persistence gradient followed Bongers (1988; 1990),
c-p index shows the sustainability level of ecosystems, it
has value from 1 to 5 corresponding to the level from
unstable (colonizers) to stable (persisters) of ecosystems.
Nematode group with cp = 1 is high colonizable level,
easy to change and consistent with an unsustainable envi-
ronment; while nematode group with cp = 5 is a group of
high settlement and indicates a sustainable environment.

The calculation of the maturity index MI and PPI fol-
lowed Bongers (1990) and Tom Bongers and Howard
Ferris (1999). MI or PPI = X7, v(i)x f{1), where v(i) is
the c-p value of taxon i, (i) is the frequency of taxon i in
a sample. Maturity Indices of nematode community calcu-
lated by formula include: Y} MI is total maturity index
(including free-living nematodes and parasitic nema-
todes), > MI2-5 is maturity index (except nematodes with
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c-p = 1), MI is maturity index of free-living nematodes
(not including plant parasitic nematode groups).

3. Results and discussion

3.1 Nematode community structure in Loc
Hung, Binh Phuoc province

3.1.1 Component trophic groups

The analysis result of grouped nematode in 5 sampling
points is shown in Table 2, c-p value for each genus is
determined according to Bongers et al (1990).

At sampling point LHI1, the result of analysis gained 19
genera. This was the sampling point having the highest
number of genera (occurring 54.29% of total number of
analysed genera). Therein, the dominant genera were
Meloidogyne sp. (32.93%) and Cephalobus sp. (14.63%).
Others occurred in a very low proportion (less than 6.5%).

At sampling point LH2, the result of analysis gained 13
genera (occurring 37.14% of total number of analysed
genera). The dominant genera were Helicotylenchus sp.
(31.97%), Filenchus sp. (23.13%) va Meloidogyne sp.
(13.86%). Others were less than 9.0%.

Another sampling point having high number of genera
was LH3 with 17 genera (occurring 48.57% of total num-
ber of analysed genera). Therein, Meloidogyne sp. was the
most dominant genus with 38.27% in total individuals.
Others were less than 9.5%.

The result of analysis at LH4 gained 15 genera (occurring
42.86% of total number of analysed genera). Specially, in
this point, the extremely dominant genus was Meloido-
gyne sp. with 74.67% in total individuals, while the sec-
ond dominant genus was only 8.44%. Others were less
than 6%.

Table 2. Grouping of nematodes at the sampling points in Loc Hung, Binh Phuoc province

Trophic The sampling points
Genus 1

groups LH1 LH2 LH3 LH4 LHS
Cephalobus sp. Ba, ok * * * %
Cryptonchus sp. Ba; *
Eucephalobus sp. Ba, * * % %
Geomonhystera sp. Ba, *
Heterocephalobus sp. Ba, * * * * %
Panagrolaimus sp. Ba, * * * % *
Prismatolaimus sp. Ba; * * * * %
Protorhabditis sp. Ba, %
Rhabditis sp. Ba, * *
Terschellingia sp. Ba; *
Aphelenchoides sp. Fu, * * % %
Aphelenchus sp. Fu, * *
Achromadora sp. Aly * * %
Actus sp. Cay * *
lotonchus sp. Ca, *
Mylonchulus sp. Cay * *
Aporcelaimus sp. Om; %
Aporcelaimellus sp. Om; * * * *
Crocodorylaimus sp. Omy * % * %
Dorylaimoides sp. Omy * * %
Ischiodorylaimus sp. Omy, *
Mesodorylaimus sp. Omy *
Prodorylaimus sp. Om, *
Aglenchus sp. H, *
Filenchus sp. H, * % * 4
Helicotylenchus sp. H; *% %
Hoplolaimus sp. H;, *
Meloidogyne sp. H, sk wk %k wekk ek
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Rotylenchulus sp. H; * * %
Xiphinema sp. H; * %
* < 10%; **:10-50%; *** > 50%

'Nematodes were divided into different groups depending on trophic characteristics and their life cycle. Symbol: A,
(with A: trophic group, x: c-p value); Ba: Bacterivores, Fu: Fungivores; Al: Algivores; Ca: Carnivores; Om: Omni-

vores; H: Herbivores.

The last sampling point was LH5 having 13 genera (oc-
curring 37.14% of total number of analysed genera). The
same to LH4, the extremely dominant genus at LHS was
Meloidogyne sp. with 76.22% in total individuals, while
the second dominant genus was only 8.39%. Others were
less than 6%.

The above results showed that Meloidogyne sp. — nema-
tode genus was parasitic on pepper roots and was pestif-
erous for pepper — was the genus presenting in all of the
sampling points with a very high percentage. Thus, the
plant parasitic group of nematode was dominant in nema-
tode community and they reflected the feature of region.

3.1.2 Proportion of trophic groups in Loc Hung

Analysis result of nematode community structure in Loc
Hung gained 30 genera of six major trophic groups in-
cluding: 7 genera of plant parasitic group (accounting for
55.19% of individuals), 10 genera of bacterivorous group
(accounting for 29.67% of individuals), 7 genera of om-
nivorous group (accounting for 10.20% of total individu-
als), 2 genera of fungivorous group (accounting for 2.96%
of total individuals), 3 genera of carnivorous group (ac-
counting for 1.65% of total individuals) and 1 genus of
algivorous group (accounting for 0.32% of total individu-
al) as shown in Figure 2.

We can see that bacterivorous group and plant parasitic
group are the dominant groups at most of sampling points
(especially plant parasitic group), followed by omniv-
orous group, other groups occupy a negligible proportion.
This rate reflects characteristics of the agricultural area. In
this ecosystem, the use of fertilizers always leads to the
significant increase of bacterivorous group and plant
parasitic group. The rate of parasitic nematodes in the
studied area is very high, this show that peppers in Loc
Hung are infected parasitic nematodes seriously.
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Figure 2. Percentage of nematode groups in the sam-
pling points

Percentage of the nematode groups also shows that the
carnivorous group in Loc Hung is very low; it is similar
with the study result of Arantzazu Urzelai (2000), he
showed that the carnivorous group was the nematode
group less abundant in ecosystem types. This stems from

ecological characteristics of the carnivorous group, they
have a long lifecycle, low metabolic activity, slow fertili-
ty, so they have small number and low frequency.

3.1.3 Gender structure

Gender percentage at the sampling points on Figure 3
shows that the number of juvenile individuals presents
with very high rates in comparison to females and males.
The general trend on farms is the dominance of juveniles,
and the rate of females is almost higher than males but
both of them are lower than juveniles.
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Figure 3. Gender structure at the sampling points

LH4 LHS

The presence of many juveniles shows that nematode
community in the studied area is in the reproductive peri-
od and increases the number strongly.

For some of genera such as ltonchus sp., Hoplolaimus sp.,
Ischiodorylaimus sp., Mylonchulus sp., Prodorylaimus sp.
we didn’t detect the occurrence of juveniles. May be this
isn’t their reproductive stage, and from the dominant
presence of females in some genera can predict nematode
density in these genera will increase when environmental
conditions are appropriate.

For nematodes, the asexual and sexual reproductive forms
may occur on a genus. Therefore, in asexual reproduction
genera, males rarely appear. This can explain for the low
frequency of males, even not found (Randy and Anwar,
2004). However, the distribution process and structure
formation are affected by many environmental factors and
living conditions. In general, gender structure in the stud-
ied area with great frequency of juveniles in most of gene-
ra showed that soil environmental condition is favorable
for the growth and development of nematode community.

3.2 The relationship between ecological indi-
ces

To assess infested level of pepper as well as assess status
of soil environment in Loc Hung through their relation-
ship, we used the ecological indices such as PPI and vari-
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ous maturity indices (XMI, ZMI2-5 and MI). Calculated
results of ecological indices are shown on table 3.

Table 3. Ecological indices of nematode community in
Loc Hung

Index LH1 LH2 LH3 LH4 LHS
*MI 256 2,60 3.06 297 290
PPI 1.07 214 136 230 249

PPI/ZMI 040 082 045 0.77 0.86
MI2-5 249 258 3.05 296 287
MI 149 047 1.70 0.67 041

The relationship between ecological indicators calculated
in Table 3 is shown on Figure 4 and Figure 5.
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Figure 4. The relationship between XMI and MI2-§
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Figure S. The relationship between XMI, PPI and MI

Curve that performs the relationship between XMI and
YMI2-5 shows effect of bacterivorous group with cp = 1
negligible. The maturity index of nematode community in
the sampling points was hardly influenced from the nema-
tode group with cp = 1. Due to the ecological characteris-
tic of nematodes group with cp = 1 is present with a high
number in eutrophic environment, their presence indicates
a less stable environment. Thus, the relationship between
¥MI and £MI2-5 on Figure 4 shows that the environment
in the studied area is relatively stable.

The relationship among ZMI, PPI and MI on Figure 5
shows that LH2, LH4 and LHS5 are three sampling points
having PPI higher than MI very much. This proves that
the maturity of the nematode community at these points
were influenced by plant parasitic nematodes rather than
free-living nematodes. The rates of PPI/ZMI at these
points are very high (respectively 0.82, 0.77 and 0.86),
this show that peppers in these points are infected parasit-
ic nematodes seriously. The higher value of PPI compare

to MI value demonstrates that the growth of nematode
community in LH1 and LH3 is less influenced by plant
parasitic nematode. Therefore, pepers at LH1 and LH3 are
less infected parasitic nematodes than others. Ratio of PPI
/ ZMI reflects that infected parasitic level on target plants
in study area was very high. It was an important ratio on
assessing the impact of plant parasitic nematodes on pep-
per in particular and on other agricultural crops in general.
From that the harmful effects of these parasites could be
minimized.

3.3 The relationship between trophic groups
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Figure 6. Relationship between trophic groups

Negative correlation was found between bacterivorous
group and plant parasitic group (R? = 0.5335) (Figure
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6B), plant parasitic group and fungivorous group (R* =
0.8707) (Figure 6E), carnivorous group and others (R* =
1) (Figure 6C), omnivorous group and others (R* = 1)
(Figure 6D). The relationship between remaining trophic
groups was negligible.

Carnivores and omnivores are two groups that had the
most powerful influence on the rate of other groups. It
could be seen in Figure 2, the sample that had high rate of
carnivores and omnivores had rate of remaining groups
lower than other points. Because they used other nema-
tode groups as a food source, their presence would reduce
rate of other groups. The negative correlation between
omnivores and other groups is in agreement with the
statement of Yeates et al. (1993) and Yeates (1999) that
omnivore nematodes utilize a combination of hyphae,
bacteria, microfaunal prey, diatoms and algae. Thus, an
increase in the omnivore population will adversely affect
the populations of other groups. These correlation results
showed that in soil nematode community, trophic groups
also influenced each other. So any external changes that
made a certain nematode group increase or decrease lead-
ed to the transformation of nematode related groups and
changed nematode community structure. These changes
reflected the current status of soil environment there.

4. Conclusion

This study gave a general background of the environmen-
tal status of studied area through the analysis of structural
characteristics of nematode community. The result of
study identified 30 genera belonging to six major trophic
groups. Dominant trophic groups reflected the character-
istics of pepper cultivation area. Research results also
showed that pepper in the study was infected seriously
with parasitic nematodes through assessing PPI and rate
of PPI/EMI. Correlation analysis between trophic groups
showed that trophic groups interacted closely and were
sensitive to environmental factors. Therefore, nematodes
are invertebrate animal groups having great potential in
the use as biomarkers in evaluation of the soil environ-
ment quality.
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