
Banana is an economically important crop that is ex-
tensively cultivated in tropical and subtropical countries
(Gowen et al., 2005). It is one of the major fruit crops
forming an important item in the diet of millions of peo-
ple across the globe (Harish and Nanje Gowda, 2001).
India is the largest banana producing country of the
world (Devi et al., 2007), with 332.2 thousand hectares
and an annual production of 3,633 thousand tonnes
(Jonathan and Rajendran, 2003). West Bengal is the sec-
ond largest banana producing State of India, with its
25.73 thousand hectares and a total production of 502.1
thousand tonnes per annum.

Nematodes are one of the major limiting factors in
banana production. Tylenchids have been recognized as
a major constraint in banana production and are re-
sponsible for serious yield losses (Sundararaju, 2006).
Dorylaimids act as vectors of various fungal and bacteri-
al diseases of this important crop (Khan, 2006). Thus,
dorylaimids and tylenchids have considerable direct and
indirect effects on this valuable fruit crop. Information
on population structure is important in the study of the
plant-nematode relationship (Oostenbrink, 1966), for
the development of an effective management schedule
and advisory service (Barker and Nusbaum, 1971; Bark-
er and Campbell, 1981; Chawla and Mittal, 1995).
Edaphic factors, such as temperature, moisture, pH and
organic carbon content of soil greatly influence the ne-
matode population (Jones et al., 1969; Korthals et al.,

1996; Bilgrami et al. 2003). Therefore, an investigation
was undertaken from March 2004 to February 2006 to
ascertain temporal variation of abundance of dorylaimid
and tylenchid nematodes in relation to different edaphic
factors in a banana plantation of West Bengal, India, to
provide a valuable data base for the development of ef-
fective management schedules and advisory services in
the future and thereby increase production of this valu-
able fruit crop.

MATERIALS AND METHODS

For the present study, a plot of 15 m × 10 m was se-
lected in a banana (Musa paradisiaca L. cv. Kanthali)
plantation in Sabang block under Paschim Medinipur
district (22º57’10”-21º36’35” N, 88º12’80”-86º35’50”
E) of West Bengal, India. For sampling, five spots, sepa-
rated by equal distances, were fixed in the plot. A rhi-
zospheric soil sample of 250 g was taken from each
spot, each at a distance of about 25 cm from the main
bole of a banana plant. A root sample of 5 g was also
taken from the same plant at the same spot. Thus five
soil and five root samples were collected from the plot
on each sampling occasion. The samples were collected
during the first week of every month, preferably on the
first Sunday, from March 2004 to February 2006. Soil
temperature was measured by a soil thermometer, and
soil pH and moisture were estimated by a soil pH and
moisture meter, Model DM-15, Takemura Electric
Works Ltd., Tokyo, Japan. Organic carbon content of
soil was determined in the laboratory following Walkley
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and Black’s rapid titration method (Walkley and Black,
1947). Bars on the graphs of temporal variation in soil
pH (Fig. 3) and temporal variation in organic carbon
content of soil (Fig. 4) are representing the SE values of
the edaphic factors.

Nematodes were extracted from soil by Cobb’s siev-
ing technique (Cobb, 1918) and from the roots using
the mechanical maceration technique (Reddy, 1983).
They were cleaned using the modified Baermann’s fun-
nel technique (Christie and Perry, 1951) before count-
ing in a Syracuse counting dish under a stereoscopic
binocular microscope. Nematodes were then processed
using Seinhorst’s slow dehydration method (Seinhorst,
1959). Dehydrated nematodes were mounted perma-
nently on glass slides and identified to species level fol-
lowing the keys of Jairajpuri and Ahmad (1992) for the
order Dorylaimida and of Siddiqi (2000) for the order
Tylenchida. Specimens were deposited in the National
Zoological Collections of the Zoological Survey of In-
dia, Kolkata, West Bengal, India. 

Time-series analysis of the edaphic factors, simple
correlation and multiple regression analyses between
the edaphic factors and abundance of nematode species
were done using STATISTICA version 7.0 (StatSoft,
Inc., 2007). Correlations between the abundance of
species and the measured set of environmental variables
were analyzed with Canonical Correspondence Analysis
(CCA) on non-transformed data. CCA is a direct gradi-
ent analysis technique, done using the CANOCO pro-

gram v 4.53 (Ter Braak, 1988). Eigen value in the Ordi-
nation diagram based on Canonical Correspondence
Analysis (Fig. 7) is a special set of scalars associated
with a linear system of equation (i.e. a matrix equation)
that is sometime also known as characteristic root or
characteristic value which is ultimately represented as
an interpreting value corresponding to its eigenvector in
a multivariate analysis (i.e. CCA). Considering this val-
ue, it is predicted that the change under consideration
may be accepted or rejected based on its P-value. 

RESULTS

During the study, the soil temperature ranged from
17 °C (January, 2005) to 36 °C (June, 2005). From April
to October, the temperature was high and in the range
31-36 °C; while from November to March it was lower
(17-28 °C). After October, the temperature declined
and reached the minimum level of 17-19 °C during De-
cember and January. Thereafter, it increased and
reached the maximum level (35 °C-36 °C) during May
and June (Fig. 1). Soil moisture content varied from
18.0% (January, 2005) to 35% (August, 2004); it re-
mained at a high level during July/August and then de-
clined until January. Thereafter, it increased until March
and then declined again by May (Fig. 2). Soil pH ranged
from 5.2 (August, 2004) to 7.4 (January, 2005). The soil
was mostly acidic in nature (5.2-6.9) during almost the
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Fig. 1. Temporal variation in soil temperature. Fig. 2. Temporal variation in soil moisture.

Fig. 3. Temporal variation in soil pH. Fig. 4. Temporal variation in organic carbon content of soil. 
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entire study period, except in January, when it was alka-
line (7.3-7.4). During monsoon and post-monsoon peri-
ods, the soil was highly acidic, but was only slightly
acidic in the other months (Fig. 3). Organic carbon con-
tent of soil varied from 1.82% (June, 2004) to 3.42%
(July, 2005), with the greatest level being observed dur-
ing July/August. Thereafter, it declined until January
and then increased again to March (Fig. 4).

Fourteen species of soil and plant parasitic nema-
todes were collected and identified. Of these, eight
species belonged to the order Dorylaimida and six
species to the order Tylenchida (Table I). Among the
dorylaimids five species, Dorylaimus innovatus Jana et
Baqri, Prodorylaimus sukuli Baksi et Baqri, Aporce-
laimellus subhasi Gantait, Bhattacharya and Chatterjee,
Oriverutus lobatus Siddiqi and Paractinolaimus aruprus
Khan, Ahmad et Jairajpuri, were found all the year
round and in large numbers. The remaining three
species, Laimydorus siddiqii Baqri et Jana, Thonus
garhwaliensis Ahmad, Nath et Haider and Promumtazi-
um elongatum Ahmad et Jairajpuri, were found during
some months of the year, and their numbers were very
low. Among the tylenchids, four species, Hoplolaimus
(Basirolaimus) indicus Sher, Helicotylenchus crenacauda
Sher, Rotylenchulus reniformis Linford et Oliveira and
Tylenchorhynchus coffeae Siddiqi et Basir, were found in
large numbers all the year round. The remaining two
species, Pratylenchus coffeae (Zimmermann) Filipjev et
Schuurmans Stekhoven and Meloidogyne incognita (Ko-
foid et White) Chitwood, were found occasionally in
scant numbers. 

All the nematode species encountered exhibited a bi-
modal pattern of population fluctuation with a promi-
nent peak during August or September and a low peak
during March each year (Figs 5 and 6). Likewise, there
were two minima, one during January and another in
May or June. The populations increased after rainfall
but declined during the post-monsoon period and re-
mained at a low level during winter. During early
spring, populations again increased but summer again

caused a decline in their sizes.
Simple correlation analysis revealed that the abun-

dances of all the species were significantly correlated
with soil moisture and organic carbon contents, whereas
only H. (B.) indicus, H. crenacauda and T. coffeae were
significantly correlated with soil temperature. Contrarily
to these findings, the soil pH was negatively and signifi-
cantly correlated with abundances of all nematode
species (Table II). However, multiple regression re-
vealed that all the edaphic factors studied had a signifi-
cant influence on the abundance of all the species ex-
cept L. siddiqii and P. coffeae (Table III). Canonical
Correspondence Analysis (CCA) further proved this
finding. The CCA diagram clearly shows that all the en-
vironmental variables had a significant influence on the
nematode species (Fig. 7). However, the influence of
pH is different to that of other variables.
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Fig. 5. Population fluctuation of dorylaimid nematodes. Fig. 6. Population fluctuation of tylenchid nematodes.

Fig. 7. Ordination diagram based on Canonical Correspon-
dence Analysis. Test of significance of first canonical axis:
Eigen value = 0.014; F-ratio = 7.308; P-value = 0.002. Test of
significance of all canonical axes: Eigen value = 0.021. F-ratio
= 3.367; P-value = 0.002.
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DISCUSSION

Our investigation shows that abundance of all the ne-
matode species was low in December and January due
to low temperature and low moisture content of the
soil, similar to the findings of Khan et al. (1971) and
Dwivedi and Misra (1990). Khan and Sharma (1990)
and Pandey (1999) reported that, in general, the nema-
tode population was low in December, which may be
due to low temperature and moisture. As the tempera-
ture increased in March, the nematode populations
tended to increase. Boag (1980) stated that temperature
influences the feeding rate of nematodes, their repro-
duction, etc. and, therefore, populations increase as the
temperature begins to rise. This trend reversed and the
abundance of nematodes declined in summer (May/
June). This decline in abundance was associated with
high temperature and low soil moisture content. This
agrees with findings by Griffin and Darling (1964). Our
findings also support observations by Ahmad and Jaira-
jpuri (1982) and Azmi (1995). But Pandey (1999) re-
ported that the nematode population was greatest in
April-May. During periods of rain the soil moisture con-
tent gradually increases, so reducing the temperature of
the soil. Thus, it can result in increased population
build-up. Nematode abundance in our plot increased
from July onwards, reaching a peak in August/Septem-
ber. This might be due to optimum moisture conditions
of the soil and moderate temperature, as observed by
Azmi (1995). On the contrary, Mani and Hinai (1996)
observed that in the Sultanate of Oman population den-
sities of nematodes, in both soil and roots of banana,
declined sharply from May onwards and reached their

lowest levels during June-July, coinciding with the high-
est soil temperature. As in the present study, Nath et al.
(1998) also showed that favourable conditions for
growth and reproduction of different species of plant
parasitic nematodes prevailed during pre-monsoon
(March) and post-monsoon (October) periods. Howev-
er, this is in contrast with the observations of Kable and
Mai (1968), Robbins and Barker (1974), and Singh and
Sharma (1995). These authors found that high soil
moisture levels exert a negative pressure on the growth
and reproduction of nematodes. In our study, from the
post-monsoon period onward the nematode population
decreased. This decline in abundance followed the de-
cline in soil temperature and moisture content, as ob-
served also by Mukherjee and Dasgupta (1983). Thus,
the present study suggested that soil temperature and
moisture favoured nematode population growth but
that the extremes of both had an adverse effect on ne-
matode populations.

The soil of the study field was mostly acidic during
almost the entire study period, except in January, when
it was slightly alkaline. The maximum abundance of ne-
matodes was found when the pH was in the range 5.3-
6.4 and was minimum in January. This indicates that ne-
matode populations increased in acidic soil and de-
creased in alkaline soil. A similar finding was also re-
ported by Szczygiel et al. (1983). Das et al. (1990) ob-
served increased biotic activities of nematodes in acidic
soil and rapid decline in alkaline soil. In other studies
Choudhury and Phukan (1995) found that when soil
pH increases above 6.9, the density of most of the ne-
matodes decreases; while Bilgrami et al. (2003) reported
that nematodes preferred less alkaline pH. Ahmad and
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Table I. Nematode species encountered during the study.

Sl.
No.

Name of species Abbreviation of species

ORDER : DORYLAIMIDA

1. Dorylaimus innovatus Jana et Baqri, 1982 Dor inn

2. Prodorylaimus sukuli Baksi et Baqri, 1985 Pro suk

3. Laimydorus siddiqii Baqri et Jana, 1982 Lai sid

4. Aporcelaimellus subhasi Gantait et al., 2006 Apo sub

5. Thonus garhwaliensis Ahmad et al., 1986 Tho gar

6. Oriverutus lobatus Siddiqi, 1971 Ori lob

7. Paractinolaimus aruprus Khan et al., 1994 Par aru

8. Promumtazium elongatum Ahmad et  Jairajpuri, 1984 Pro elo

ORDER : TYLENCHIDA

9. Hoplolaimus (Basirolaimus) indicus Sher, 1963 Hop ind

10. Helicotylenchus crenacauda Sher, 1966 Hel cre

11. Rotylenchulus reniformis Linford et Oliveira, 1940 Rot ren

12. Pratylenchus coffeae (Zimmermann, 1898) Filipjev et Schuurmans Stekhoven, 1941 Pra cof

13. Meloidogyne incognita (Kofoid et White, 1919) Chitwood, 1949 Mel inc

14. Tylenchorhynchus coffeae Siddiqi et Basir, 1959 Tyl cof
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Jairajpuri (1982) also reported that mononchid nema-
todes generally prefer soil pH between 5 and 6 and that
they cannot survive in highly acidic or alkaline media.
While investigating the variation of nematode popula-
tion with organic carbon content of the soil, it was
found that as the organic carbon content increased the
abundance of nematodes also increased, thus agreeing
with findings by Krnjaic and Krnjaic (1974), Mishra and
Prasad (1974), Abrar et al. (1974), Szczygiel and Zepp
(1983), and Bilgrami et al. (2003). 

Our attempt to correlate the temporal variation of
the nematode populations with the edaphic factors re-
vealed that soil moisture content and organic carbon
content were positively correlated and pH was negative-
ly correlated with all the species. Temperature exhibited
a positive correlation with only three species of phy-
tophagous nematodes (Table II). Mani and Hinai (1996)
reported significant negative correlation between mean
soil temperature and nematode population in soil and
roots of banana in the Sultanate of Oman. Bell and Wat-
son (2001) observed a positive correlation between tem-
perature and population of Paratylenchus nanus Cobb.
Gantait et al. (2006) also found a positive correlation
between soil temperature and populations of R. reni-
formis Linford et Oliveira, T. coffeae Siddiqi et Basir, H.
crenacauda Sher and H. (B.) indicus Sher. Khan and
Sharma (1990) observed that soil moisture was not sig-
nificantly correlated with population build-up of M.
incognita, Tylenchorhynchus mashhoodi Siddiqi et Basir,
Pratylenchus pratensis (de Man) Filipjev and Helicoty-
lenchus dihystera (Cobb) Sher. Bell et Watson (2001) al-
so observed a negative correlation between the popula-
tion of P. nanus and soil moisture. Bilgrami et al. (2003),
however, reported a positive correlation of nematode

population with soil moisture in different localities of
Shenyang Municipality, Northeast China. Gantait et al.
(2006) observed positive correlation between the popu-
lation of R. reniformis, T. coffeae, H. crenacauda and H.
(B.) indicus with soil moisture. As in the present study,
Smith and Wallace (1976), Das et al. (1990), Choudhury
and Phukan (1995) and Gantait et al. (2006) reported
that the abundance of nematodes was negatively corre-
lated with the soil pH. With reference to organic car-
bon, Mishra and Prasad (1974) reported that the popu-
lation of H. (B.) indicus increased with increase in or-
ganic carbon content of the soil, and Szczygiel and
Zepp (1983) found a positive correlation between the
organic carbon content of soil and the population of
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Table II. Simple correlation between edaphic factors and abundance of nematode species.

Sl. No. Nematode species
(Abbr.)

Temperature Moisture
content

pH Organic carbon
content

1. Dor inn 0.418 0.763 *** - 0.694 *** 0.639 ***

2. Pro suk 0.391 0.874 *** - 0.689 *** 0.807 ***

3. Lai sid 0.148 0.548 ** - 0.518 **        0.509 *

4. Apo sub 0.330 0.874 *** - 0.721 *** 0.839 ***

5. Tho gar 0.190 0.636 ** - 0.551 ** 0.728 ***

6. Ori lob 0.190 0.711 *** - 0.616 ** 0.710 ***

7. Par aru 0.328 0.871 *** - 0.729 *** 0.844 ***

8. Pro elo 0.161 0.644 *** -0.507 * 0.679 ***

9. Hop ind      0.677 *** 0.848 *** - 0.599 ** 0.657 ***

10. Hel cre     0.570 ** 0.766 *** - 0.507 * 0.693 ***

11. Rot ren 0.392 0.801 *** - 0.672 ***  0.719 ***

12. Pra cof 0.121 0.538 ** - 0.450 *         0.494 *

13. Mel inc 0.340 0.666 *** - 0.429 * 0.607 **

14. Tyl cof    0.497 * 0.847 *** - 0.605 **  0.772 ***

* = P ≤ 0.05,  ** = P ≤ 0.01,  *** = P ≤ 0.001

Table III. Multiple regression between edaphic factors and
abundance of nematode species.

Sl.
No.

Nematode species
(Abbr.)

R2 F

1. Dor inn 0.615 7.598 *

2. Pro suk 0.791  18.005 *

3. Lai sid 0.366     2.743
4. Apo sub 0.824    22.307 *

5. Tho gar 0.546 5.709 *

6. Ori lob 0.592 6.903 *

7. Par aru 0.827    22.748 *

8. Pro elo 0.496 4.667 *

9. Hop ind 0.793  18.237 *

10. Hel cre 0.708  11.493 *

11. Rot ren 0.663     9.364 *

12. Pra cof 0.347     2.522
13. Mel inc 0.469 4.192 *

14. Tyl cof 0.758  14.861 *

* = P ≤ 0.05

R2 F

pHSl. No. Temperature
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Pratylenchus penetrans (Cobb) Filipjev et Schuurmans
Stekhoven and Longidorus elongatus (de Man) Thorne
et Swanger. Hazra (1994) observed that the organic car-
bon content of the soil exhibited a strong positive corre-
lation with the nematode population in Schirmacher
Oasis, Antarctica. Positive correlations of nematode
population with the organic carbon of soil were also ob-
served by Bilgrami et al. (2003) and Gantait et al.
(2006).

It has been a common practice among soil zoologists
to correlate various edaphic factors with the fluctuation
of abundance of nematodes using simple correlation.
Most of these attempts have provided conflicting con-
clusions. So in the present study, beside simple correla-
tion, multiple regression has also been attempted. Mul-
tiple regression revealed that all the edaphic factors
studied had a significant influence on the abundance of
all the nematode species except two. Canonical Corre-
spondence Analysis further showed that all the edaphic
factors had a significant influence on the nematode
species (P = 0.002). However, the soil pH showed the
influence in a different way to the other factors. No
such study on nematodes is available in this regard for
comparison.
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