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ABSTRACT

Sapota is a major fruit crop of India widely cultivated in tropical climatic regions of India. Nematodes pose
a severe threat to sapota-growing areas throughout the country. Khordha district is one of the major sapota
cultivation hotspots situated in Odisha, India. A survey was conducted in Khordha to assess the economic
risk imparted by nematodes. Around 120 requisite soil samples were collected from sapota growing areas
of the Khordha district. Among different parasitic nematodes of plants, Tylenchorhyn chusmashoodi was the
highest occurrence (80), along with the absolute frequency (66.67). Moreover, Hoplolaimus indicus was found
the most prominent species with a higher prominence value (40.40), followed by Tylenchorhyn chusmashoodi
(16.98), while the lowest prominence value (1.79) was recorded in Aphelenchu  savenae. Among the free-
living nematodes, Dorylaimid exhibited  the highest frequency of occurrence (120), with absolute frequency
(100%), followed by Mononchid and Rhabditid (93.33% and 46.67%, respectively). Dorylamide showed the
highest prominence value (54), followed by Mononchid  (34.22) and Rhabditid (16.10). Thus, due to the minimal
existence of harmful nematodes in the soil sample, the Khordha district can be recommended for cultivation
of sapota successfully.
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Introduction

Sapota (Manilkara zapota), also known as Chiku, is
one of the major crops of India. It is cultivated not
only for its taste, flavour and nutritive value but also
for commercial extraction of Chickle gum in India
and Mexico, Guatemala, and other countries
(Kulkarni et al., 2007; Guillen et al., 2012).  Due to the
prevalence of such popularity, during the year 2018-
19, India produced 1.20 million tonnes of sapota
from an area of around 0.10 million hectares. In
Odisha state, the Khordha district dominates the
sapota cultivation with a growing area of 340 hect-
ares (National Horticulture Board, 2018-19). Al-
though the national productivity of sapota is com-
paratively high, the predominance of several soil-

borne pathogens, including nematodes, restrict the
sapota genotypes from reaching their true potential
(Jain et al., 2007; Kumar et al., 2020).The extent of
damage depends upon the pathogenic potential,
and the population growth of nematodes is greatly
influenced by their initial population densities
(Chandra et al., 2010). The abundance and distribu-
tion of the plant-parasitic nematodes, in turn, are
influenced by the soil textures, crop cycle, and an-
thropogenic factors (Chirchir et al., 2008). Thus, com-
munity analysis of plant nematodes is essential to
assess the pathogenic potential of the nematodes in
a particular region and a necessary criterion for
identification of hotspots of nematode attack in a
given area.

Several works have been documented for the
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plant-parasitic nematodes associated with various
crops in the states of Madhya Pradesh (Rathour et
al., 2010), Manipur (Joymati and Mema, 2007) and
Tamilnadu (Senthilkumar and Rajendran, 2005) of
India. Similarly, Community analysis of the plant-
parasitic nematodes have been studied by
Srinivasan et al., 2011 (Banana, Thanjavoor,
Tamailnadu), Negi et al., 2009 (Pine trees, Himachal
Pradesh), Roy et al., 2007 (leguminous vegetable
crops, West Bengal), Patel et al., 2007 (Crops, Gujarat
and Diu Union territory. However, no work has yet
been reported in the community structure of the
phytonematodes associated with sapota in Odisha
and any other state of India. Hence, the current in-
vestigation on the community structures of the plant
nematodes associated with the sapota in the Khorda
district may be the first recorded documentation of
the nematode population of this state.

Materials and Methods

Survey site

The survey was carried out at different places of
Khordha district, Odisha (Figure 1), India, during
the year 2018-2019, to record the frequency of vari-
ous parasitic nematodes infesting sapota. The maxi-

mum and minimum temperatures of 42.2 oC and
21.10C prevailed during the survey period across the
region, respectively. The site experienced the maxi-
mum rainfall of 1408 mm from 2018-19, with a rela-
tive humidity of 46% to 89%. The soil texture varied
from loamy and clay to sandy loam soil.

Collection of soil sample

The survey site was divided into 4 zones viz., zone-
A, zone-B, zone-C, zone-D. 25-40 soil samples were
collected from each zone near the rhizosphere of
sapota plants. A total of 120 soil samples were col-
lected.

Extraction of nematodes

For the extraction of nematodes, 250cc of soil was
measured per sample. Extracting of nematodes was
performed by following Cobb’s method of sieving
and decanting (Cobb, 1918). Different mesh sieves
such as 500-1000 m, 350-375 m, 175 m, 100 m,
45 m were used to screen the nematodes. An ap-
parent nematode suspension was then prepared fol-
lowing modified Baermann’s funnel technique
(Southey, 1986). Out of this apparent nematode sus-
pension, 100 ml working solution was kept for fur-
ther analysis.

Counting and fixing of nematodes

The counting was done by using a counting disc
(syrcase disc) under a dissecting microscope. Care
was taken to carry out the counting procedure im-
mediately after nematode extraction in the suspen-
sion to visualise live nematodes. For the fixing of the
nematodes, nematodes were killed by heating the
beaker containing nematode suspension at 65-90 °C
in hot water. Fixing nematodes was done immedi-
ately using a hot fixative (4% paraformaldehyde at
85 °C orhigher) (Seinhosrst, 1959; Seinhosrst, 1966).

Classical morphological Identification

Identification of nematodes was made based on
morphological and anatomical characters using light
microscopy, which is considered a fast and reliable
method of identification (Oliveira et al., 2011;
Carnerio, 2017). Identification was made by observ-
ing morphometric differences like body length, pres-
ence and the shape of the male tail,shape of the
head, number of annuals, size of the stylet, a form of
stylet knob, the structure of lateral fields, presence/
absence and shape of the spermatheca, shape of the
female tail terminus, shape and length of spicule

Fig. 1. Illustration showing the experimental site where
this experiment was conducted
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andgubernaculum, etc. (Bogale et al., 2020).

Community Analysis

Estimating the existing parasitic nematodes and free
living-non parasitic nematodes was done by calcu-
lating the community analysis after computing
prominence value, relative frequency, absolute fre-
quency, absolute density, and relative density ac-
cording to the formula given Norton (1978).

Absolute frequency=

Relative frequency= 

Absolute density = number of individuals per unit

of soil.
Relative density =

Prominence value (PV) = Absolute Density “Ab-
solute Frequency

Results and Discussion

This survey revealed the existence of numerous
plant-parasitic as well as free-living nematodes in
the nematode suspension (Figure 2). The community
structure of nematodes (parasitic and free-living
nematodes) associated with sapota fruits in various
places of the Khordha district has been presented in
Table 1 and Table 2 respectively. Results show that
more soil samples contain Tylenchorhynchus

Table 1. Occurrence and distribution of nematode species associated with sapota fruit trees of Khordha district of
Odisha

Si. Name of the No. of Soil sample containing nematode species¥

No. Zones sample Aa Ch Hm Hi Pc Rr Tm D M R
(as divided) in collected
Khordha District

1 Zone A 29 5 8 8 10 9 7 19 27 29 10
2 Zone B 40 9 12 10 18 8 15 28 35 30 18
3 Zone C 25 4 10 7 13 13 8 13 25 25 12
4 Zone D 36 6 10 7 15 10 10 20 33 28 16

Total 120 24 40 32 56 40 40 80 120 112 56

¥Aphelenchus avenae (Aa), Caloosia heterocephala (Ch), Hemicriconemoides mangiferae (Hm), Hoplolaimus indicus (Hi),
Pratylenchus coffeae (Pc), Rotylenchulus reniformis (Rr), Tylenchorhynchus  mashhoodi (Tm), Dorylaimid (D), Mononchid (M),
Rhabditid (R).

Table 2. Community analysis of plant-parasitic and free-living nematodes embedded with sapota fruit in different Zones of Khordha
District

Sl. Nematode species Total number Number Absolute Relative Absolute Relative Prominence
No of samples of samples frequency frequency density density value

collected having
the species

Plant-parasitic nematode
1 Aphelenchus avenae 120 24 20.00 4.00 4.00 1.67 1.79
2 Caloosiahetero cephala 120 40 33.33 6.67 10.00 4.17 5.77
3 Hemicriconemoides mangiferae 120 32 26.67 5.33 7.50 3.13 3.87
4 Hoplolaimus indicus 120 56 46.67 9.33 59.14 24.68 40.40
5 Pratylenchus coffeae 120 40 33.33 6.67 7.20 3.00 4.16
6 Rotylenchulus reniformis 120 40 33.33 6.67 18.00 7.51 10.39
7 Tylenchorhynchus mashhoodi 120 80 66.67 13.33 20.80 8.68 16.98
Free-living non-parasitic nematode
8 Dorylaimids 120 120 100.00 20.00 54.00 22.53 54.00
9 Mononchids 120 112 93.33 18.67 35.42 14.78 34.22
10 Rhabditids 120 56 46.67 9.33 23.57 9.84 16.10

500.00 100.00 239.63 100.00
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Fig. 2. Nematode specimen collected during survey; 1-Aphelenchus avenae, 2-Hoplolaimus indicus, 3-Caloosia heterocephala,
4-Rotylenchulus reniformis, 5-Hemicriconemoides mangiferae, 6-Pratylenchus coffee, 7-Tylenchorhynchus mashhoodi, 8-
Dorylaimids spp., 9-Rhabditids spp., 10-Mononchidsspp.

mashhoodi, Dorylaimids spp. And Mononchids spp.
(Figure 3).

Free-living nematodes

So far as the free-living nematodes were concerned,
Dorylaimids spp. exhibited the highest frequency of
occurrence (120), followed by Mononchids (112) and
the minor frequency of occurrence was found for
Rhabditids (56). The highest density was observed in

the case of Dorylaimids (54), followed by Mononchids
(35.42) and Rhabditids (23.57), respectively. The high-
est relative density was recorded in Dorylaimids
(22.53%), followed by Mononchids (14.78%), and the
least density was recorded in the case of Rhabditids
(9.84%). The highest prominence value was found in
the case of Dorylaimids (54), followed by Mononchids
(34.22), and Rhabditids exhibited the lowest promi-
nence value (16.10). However, the severity of this
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nematode towards sapota is minimum (Sen et al.,
2014; Lopes-Caitar et al., 2019), and they show
predatory action towards the parasitic nematodes.

Plant-parasitic nematode population

The analysis of the nematode community pointed
towards the association of ten nematode species pre-
vailing in Sapota. Among the different plant-para-
sitic nematodes, Tylenchorhynchus mashhoodi had the
highest frequency of occurrence (80) and absolute
frequency (66.67 %), followed by Hoplolaimus indicus
(56) with a fundamental frequency of 46.67%.
Caloosia heterocephala, Pratylenchus coffee and
Rotylenchulus reniformis each exhibited the frequency
of occurrence of 40 along with the absolute fre-
quency of 33.33 %. The lowest frequency of occur-
rence was observed in Aphelenchus avenue (24), with
a fundamental frequency of 20.00 %. The highest
density of nematode per unit soil was observed for
Hoplolaimus indicus (59.14 %), followed by
Tylenchorhynchus mashhoodi (20.80 %), while the low-
est density of nematode was found in Aphelenchus
avenae (4 %). The highest relative density was re-
corded in Hoplolaimus indicus (24.68%), followed by
Tylenchorhynchus mashhoodi (8.68%) and the lowest
density found in Aphelenchus avenae (1.67%).

Considering both frequencies and densities, the
highest principal value was observed for

Hoplolaimus indicus (40.40), followed by
Tylenchorhynchus mashhoodi (16.98), and the lowest
prominent species was Aphelenchus avenae (1.79).
Hoplolaimus spp. and Tylenchorhynchus spp. are
known to be highly devastating nematodes, severely
reducing the yield of several horticultural crops
(Skaria et al., 2006; Li et al., 2017). In our current
study, these nematodes were the major parasitic
nematode in the survey in the Khrodha district of

Fig. 3. Illustration showing that more number of soil samples contains Tm, D and M; Aa: Aphelenchus avena, Hi:
Hoplolaimu sindicus, Ch: Caloosia heterocephala, Rr: Rotylenchulus reniformis, Hm: Hemicriconemoides mangiferae,Pc:
Pratylenchus coffee, Tm: Tylenchorhynchus mashhoodi, D: Dorylaimids spp., R: Rhabditids spp., M: Mononchids spp.

Fig. 4. Percentage comparison of prominence value be-
tween plant-parasitic nematodes and free-living
nematodes showing higher value of Hoplolaimus
indicus and Tylenchorhynchus mashhoodi.



PRADHAN ET AL S149

Odisha. However, the population of these nema-
todes were deficient, while free-living nematode
population was very high. This observation contra-
dicts the result obtained by Bohra (2008) in sapota
growing regions of Alwar district of Rajasthan, Nath
et al., 2009 in litchi growing areas of Tripura and
Devi (2007) in pineapple cultivated areas of
Meghalaya. They recorded several highly harmful
nematodes such as Meloidogyne spp., Pratylenchus
spp., Rotylenchulus spp., etc. Hence, the Khordha dis-
trict can be recommended for the successful cultiva-
tion of sapota due to minimal plant-parasitic nema-
todes.

Conclusion

In this experiment, a total of 10 nematode species
were found affecting sapota, out of which three
were found to free-living nematodes, while seven
were plant-parasitic nematodes. Out of the numer-
ous plant-parasitic nematodes reported, Hoplolaimus
indicus and Tylenchorhynchus mashhoodi were found
to be the most prominent. The data of the low occur-
rence of these nematodes should facilitate the
region’s farmers to grow sapota crops without any
hindrances involving diseases causing nematodes.

Conflict of interest

The authors declare that they have no conflict of in-
terest.

References

Bogale, M., Baniya, A. and Di Gennaro, P. 2020. Nematode
Identification Techniques and Recent Advances.
Plants. 9(10) : 1260.

Bohra, P. 2008. Quantitative and qualitative studies on
plant and soil Nematodes associated with crops of
economic importance in Rajasthan. Rec. Zool. Surv.
India, Occ. 278: 1-80.

Carneiro, R. M. D. G., de Oliveira Lima, F. S., and Correia,
V. R. 2017. Methods and tools currently used for the
Identification of plant-parasitic nematodes. Nematol-
ogy-Concepts, Diagnosis and Control. 19.

Chandra, P., Sao, R., Gautam, S. K., and Poddar, A. N.
2010. Initial population density and its effect on the
pathogenic potential and population growth of the
root-knot nematode Meloidogyne incognita in four
species of cucurbits. Asian Journal of Plant Pathology.
4(1): 1-15.

Chirchir, A. K., Kimenju, J. W., Olubayo, F. M., and Mu-
tua, G. K. 2008. Abundance and distribution of

plant-parasitic nematodes associated with sugar-
cane in Western Kenya.

Cobb, N. A. 1918. Estimating the nema population of soil,
with special references to the sugarbeet and root-gall
nemas, Heteroderaschachtii Schmidt and
Heteroderaradicicol (Greef) Muller, and with a de-
scription of Tylencholaimusaequalis n. sp. Agric-Tech
Circular. 1 : 48.

Devi, G. 2007. Community analysis of plant-parasitic
nematodes in pineapple ecosystem in Meghalaya.
Indian Journal of Nematology 37(1) : 106-107.

Guillén, A. (2012). Summaries of the field-testing results
in Mexico, Bolivia and Brazil. In Tapping the Green
Market, (pp. 45-61).

Jain, R. K., Mathur, K. N., and Singh, R. V. 2007. Estima-
tion of losses due to plant-parasitic nematodes on
different crops in India. Indian Journal of Nematology.
37(2) : 219-221.

Joymati, L., and Mema, W. 2007. Association of
Meloidogyne incognita and other plant-parasitic
nematodes with different crops of Manipur. Zoos’
Print Journal. 22(12) : 2933-2934.

Kulkarni A.P., Policegoudra R.S., and Aradhya M. 2007.
Chemical composition and antioxidant activity of
sapota (Achrassapota Linn.) fruit. Journal of Food Bio-
chemistry. 31(3) : 399 – 414.

Kumar, V., Khan, M. R., and Walia, R. K. 2020. Crop loss
estimations due to plant-parasitic nematodes in ma-
jor crops in India. National Academy Science Letters.
43(5) : 409-412.

Li, Q., Liang, W., Zhang, X., and Mahamood, M. 2017.
Chapter 3 - Nematode Genera and Species Descrip-
tion Along the Transect, Editor(s): Qi Li, Wenju
Liang, Xiaoke Zhang, and Mohammad Mahamood.
Soil Nematodes of Grasslands in Northern China, Aca-
demic Press, Pages 45-228.

Lopes-Caitar, V. S., Pinheiro, J. B., and Marcelino-
Guimarães, F. C. 2019. Nematodes in horticulture:
an overview. EmbrapaHortaliças-
Artigoemperiódicoindexado (ALICE).

Nath, R. C., Sinha, B. C., Mukherjee, B., and Dasgupta, M.
K. 2009. Community analysis and diversity of plant-
parasitic nematodes associated with litchi planta-
tions in North Tripura district. Pest Management in
Horticultural Ecosystems. 15(1) : 51-59.

Negi, S., Kalia, D. C., Walia, K. K., Walia, R. K., and Bajaj,
H. K. 2009. Community analysis of plant-parasitic
nematodes associated with rhizosphere of chir pine
nurseries and pine trees in natural forests of
Himachal Pradesh, India. Indian Journal of Nematol-
ogy. 39(2) : 182-187.

Norton, D. C. 1978. Ecology of plant-parasitic nematodes (No.
SB998. N45. N6713 1978.). New York: Wiley.

Oliveira, C. M. G. D., Monteiro, A. R., and Blok, V. C. 2011.
Morphological and molecular diagnostics for plant-
parasitic nematodes: working together to get the



S150 Eco. Env. & Cons. 28 (January Suppl. Issue) : 2022

Identification done. Tropical Plant Pathology. 36(2):
65-73.

Patel, A. D., Panickar, B. K., Patel, B. A., and Patel, D. J.
2007. Community analysis of plant-parasitic nema-
todes associated with agricultural crops in Junagadh
district of Gujarat and Diu-union territory. Indian
Journal of Nematology. 37(1) : 68-71.

Rathour, K. S., Dubey, J. and Ganguly, S. 2010. Documen-
tation of plant-parasitic and beneficial soil nema-
todes and their communities in Madhya Pradesh,
India. Indian Journal of Nematology. 40(1) : 66-73.

Roy, K., Mukhopadhyay, A. K. and Pramanik, A. 2007.
Occurrence, distribution and community analysis of
plant-parasitic nematodes associated with legumi-
nous vegetable crops in West Bengal. Indian Journal
of Nematology. 37(1) : 58-62.

Ryss, A. Y. 2017. A simple express technique to process
nematodes for collection slide mounts. Journal of
Nematology. 49(1) : 27-32.

Seinhorst, J. W. 1959. A rapid method for the transfer of
nematodes from fixative to anhydrous glycerin.
Nematologica. 4(1) : 67-69.

Seinhorst, J. W. 1966. Killing nematodes for taxonomic
study with hot fa 4: 1. Nematologica. 12(1) : 178-178a.

Sen, D., Gantait, V. V., and Banerjee, S. 2014. Free Living

and Plant Parasitic Soil Nematodes (Orders
Dorylaimida and Tylenchida) of Himachal Pradesh,
India. Records of the Zoological Survey of India. 114(3):
379-390.

Senthamizh, K., Rajendran, G. and Subramanian, S. 2005.
Host range, biology and races of Heterderacajani
Koshy, 1967 occurring in Tamil Nadu (India). Indian
Journal of Nematology. 35 (2) : 187-191.

Senthilkumar, T. and Rajendran, G. 2005. Plant-parasitic
nematodes associated with grapevine in Coimbatore
district of Tamil Nadu. Madras Agricultural Journal.
2005; 92 : 592-595.

Skaria, B. P., Joy, P. P., Mathew, S. and Mathew, G. 2006.
Lemongrass. Editor(s): K.V. Peter. In : in Food Sci-
ence, Technology and Nutrition, Handbook of Herbs and
Spices. Woodhead Publishing, Pages 400-419.

Southey, J. F. 1986. Laboratory methods for work with
plant and soil nematodes. Ministry of Agriculture.
Fisheries and Food, London, 202.

Srinivasan, R., Kulothungan, S., Sundararaju, P. and
Govindasamy, C. 2011. Biodiversity of plant-para-
sitic nematodes associated with banana in
Thanjavur district of Tamil Nadu. International Jour-
nal of Plant-Animal and Environmental Science. 2(1) :
63-69.


