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Abstract.- A survey was conducted during 2010-11 to determine the occurrence and population density of

plant-parasitic nematodes on four vegetable crops including cumber (Cucumis sativus), tomato, (Lycopersicum
esculentum), chili and bell peppers (Capsicum frutescens) cultivated under plastic tunnels. Major vegetable growing
regions of Faisalabad, Jhang, Kasur, Lahore, N-Sahab, Sargodh, T.T. Singh, and Sheikhpur were included in our
survey. The survey revealed the presence of nine species of plant-parasitic nematodes viz., Aphelenchus avenae,
Helicotylenchus dihystera, Hoplolaimus columbus,, Meloidogyne javanica , M. incognita, Pratylenchus penetrans,
Radopholus smilis, Tylenchorhynchus claytoni and Xiphinema sp. Frequency and density of each species were highly
variable from field to field and within the fields. Foliage growth was not uniform in the surveyed fields under tunnels
where stunted growth, chlorotic leaves and wilted plants with fewer fruits were observed in patches. The stunted and
poorly growing plants exhibited arrested root systems with reduced number of feeder roots; root galling and brown
lesions were also evident.

Keywords: Plant-parasitic nematodes, Aphelenchus avenae, Helicotylenchus dihystera, Hoplolaimus columbus,,
Meloidogyne javanica , M. incognita, Pratylenchus penetrans, Radopholus smilis, Tylenchorhynchus claytoni and

Xiphinema sp

INTRODUCTION

Four vegetable crops including cucumber,

Cucumis sativus, bell and chili peppers Capsicum
frutescens and tomato, Lycopersicum esculentum are
important  agricultural ~ commodities  gown
extensively for fresh market. Average annual yields
of these crops in Pakistan are 59.7, 16.3 and 1000.9
tons per hectare, respectively (FAO, 2009). During
recent years interest has increased to cultivate these
four vegetables in plastic tunnels to take advantage
of early market prices. The result has been repeated
cultivations within the same tunnels for several
years. As more intensive and continuous cultivation
increased, soil-borne diseases and nematodes have
become an important constraint in vegetable
production (Anwar et al., 2007; 1992). Many
species of plant-parasitic nematodes are serious
pests of fruit and vegetable crops (Anwar and Van
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Gundy, 1992). Nematode parasitism may result in
secondary infection by soil-borne fungal and
bacterial pathogens (Abawi and Chen, 1998; Sikora
and Carter, 1987) or transmission of plant viruses
(Brown et al., 1995), which can negatively influence
yield (Orr and Robison, 1984). Yield reductions
among vegetables have reached as high as 30% for
susceptible genotypes in the presence of plant
parasitic nematodes in some production regions in
the Punjab (Anwar et al., 2007; Anwar and
McKenry, 2012). Vegetable crops usually are
among the most susceptible and worst affected by
nematodes (Sharma et al., 2006; Anwar et al., 2007;
Singh and Khurma, 2007). Infection of roots by
nematodes alter uptake of water and nutrients and
interferes with the translocation of minerals and
photosynthates (Anwar, 1995; Williamson and
Hussey, 1996). Such alterations can change the
shoot: root ratio (Anwar and Van Gundy, 1989)
leading to poor plant growth.

Chemical pesticides, crop rotation, and soil
amendments are widely used by the growers to
manage the soil-borne pathogens, including plant-
parasitic nematodes. Use of nematicides can provide
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instant and effective control of nematodes, but
several nematicides have been withdrawn from the
market because of health and environmental
problems associated with their production and use
(Thomason, 1987). In response to increasing public
and regulatory concern over pesticide use in our
food supply there has been increased interest in the
development of alternatives that are effective,
sustainable, and  environmentally  friendly.
Alternative methods of nematode management
under study include the use of natural enemies and
host plant resistance but these alternatives can be
highly specific. Crop resistance or predator
specifically to some nematode species but not others
can be a serious limitation of their effectiveness so it
is important to acquire information on the
occurrence of nematode species, their host range,
their damage thresholds and their pathogenic
potentials. Although, recent reports in Pakistan have
been published on association, distribution, and
density of plant parasitic nematodes on various
crops planted in field settings (Anwar and Akhtar,
1992; Anwar et al., 2009; Magbool, 1992), there
are no data available for vegetable crops grown
within tunnels. Therefore, the objective of this study
was to conduct a survey to quantify and document
the occurrence, distribution, density and prevalence
of nematode populations found associated with
cucumber, chili pepper, bell pepper and tomato
cultivated in commercial plastic tunnels in the
Punjab.

MATERIALS AND METHODS

A survey was conducted in the major
vegetable growing regions of Faisalabad, Toba-Tek
Singh, Nankana Sahib, Lahore, Kasur, Shekhupura,
Sargodha and Jhang of the Punjab (Fig. 1).
Sampling of four vegetables including two peppers,
tomato and cucumber grown under tunnels was
conducted during 2010-11, when the crop was at
harvesting stage.

Soil and root samples were collected
randomly from each locality. Roots were washed
free from soil, and root systems of the plants were
stained with Phloxine B (Holbrook et al., 1983) and
assessed for the presence of egg masses. The root
systems were rated for galling and egg mass indices

on a 0 to 5 scale (Quesenberry et al., 1989), where 0
=no galls or egg masses, 1 =1or 2,2 = 3-10, 3 =
11-30, 4 = 31-100, and 5 > 100 galls or egg masses
per root system. Each soil sample was a composite
of 8-10 soil cores from the same tunnel to a depth of
18-20-cm with an Oakfield tube of 2.5-cm diameter.
Samples were placed in labeled plastic bags, sealed
and brought back to the nematology laboratory
where they were stored at 4°C until processed for
nematode presence.

Each soil sample was thoroughly mixed by
shaking the plastic bags then a 100-cm® sub-sample
was extracted using a combined sieving and
Baermann funnel method that allowed nematode
extraction in mist over a three-day period (McKenry
and Roberts, 1985). In addition, mature females of
root knot nematodes were dissected out from the
infected roots and perineal patterns were prepared as
described by Taylor and Netschler (1974).
Meloidogyne species were identified on the basis of
female perineal patterns, morphological characters
of males and second stage juveniles (Eisenback,
1985; Jepson, 1987).

Collected nematodes were killed at 70°C, and
fixed in 4% formalin and placed in vials. Prior to
counting, solutions containing nematodes were
agitated thoroughly then 3-ml poured into a
counting dish. Nematode populations were
guantified under stereo microscope 60 X
magnification. Counting of root-knot nematodes
was based on second stage juveniles only.
Identification of other species of plant parasitic
nematodes was based on the morphology and
measurements of adults (Handoo and Golden, 1989;
Handoo, 2000; Choi, 2001).

Data analysis
Data on nematodes was subjected to analysis
of variance using SAS (SAS Institute, Cary, NC).

RESULTS

Nine species of plant-parasitic nematodes
were commonly detected in association with the
four vegetables commonly cultivated within Punjab
tunnels (Tables I-1V). Frequency and density of the
recorded species varied greatly from tunnel to
tunnel.
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Fig. 1. Map showing the sampling sites of the eight districts of Punjab.

Two species of root knot nematode,
Meloidogyne arenaria (Neal) Chitwood and M.
incognita (Kofoid and White) Chitwood were
common. These sedentary endoparasites of vascular
tissues were recovered from all the four vegetable
crops with a frequency and density that was highly
variable. These nematodes induced inconsistent
numbers of root galls and egg masses on roots
(Table V). Galled roots exhibited arrested root
systems with few feeder roots. Meloidogyne spp.,
were the predominant species in all surveyed
localities. Second on the list were two migratory
endoparasites: and cortical feeders including root-
lesion nematode, Pratylenchus penetrans (Cobb)
Filipjev and Schuurmans and burrowing nematode
Radopholus similis Cobb. Five ectoparasitic
nematodes (Aphelenchus avenae Bastian 1865,
Helicotylenchus dihystera (Cohb), Sher,
Hoplolaimus columbus Sher, Tylenchorhynchus
claytoni Steiner and Xiphinema spp. were also
recovered from each of the four vegetable crops

though not at each of the field localities.
DISCUSSION

During this survey it was observed that the
growth of vegetables was highly variable within
most of these tunnels. It was common for plants to
be severely stunted and chlorotic at latter harvests, a
common indicator that nematode damage may be
occurring.  Arrested root systems, an inadequate
number of feeder roots, root galling, and brown
lesions were also seen on severely stunted and
poorly growing plants.

This study provides quantification of
occurrence and density of plant-parasitic nematodes
associated with tunnel production of vegetables in
the Punjab. Most nematodes identified in this survey
can be anticipated to be a major threat to vegetable
production and should be considered as serious
pests (Anwar et al., 2007; Anwar and Mckenry,
2012). Initial pathogenicity tests should include,



TI0S WD ()OS UI SIPOJEWIAU JO UOHBIASD PIEPUE)S F AJISUSP UBIN = QI (PUNOF seam sa10ads yorym ur sojdues Jo 95ejuac1ad) 20UaLN0 Jo Aouanbary SANE[Y = J¥
"Pa)0R[[0d sodures [10S JO JOQUINN 4

Love €1 # = 9601 ST vL8 ST s a 08v1 91 Or11 LT, “dds puauydrg
0991 14! - - L96 Y4 - - 7591 0cC 6¢€l1 Sl LI€T €€ 1oikv]o snyouy.L0youd|L]
061¢C Cl - - 0091 el €86 Y4 0cCIl 0cC 0991 14! - - snnus snjoydopvy
veel 11 09LI1 Y4 0SLI Cl B - e - - - 09L L1 supajauad snyoudjIpad
LIST Sl et 0S 00S [44 CIS8 0S 0811 oy €eTT Se LLTT 0¢ vjuooul 2ULopIojap
086 14! 0L81 cl = = 0cel Cl = = 08L SI (i74! L1 vo1upav| aufsoproja
0881 14! 9cel 0S 91¥1 Y4 eIyl 0S 0r81 0¢ 0581 8¢ ocrl L1 snquinjod snmuwjojdog
- - ovL Cl 0871 Y4 (48! Y4 - - 0291 14! 89C1 €€ a1 Ki1p snyoua|1021)2g
SLOT 14! (444! Y4 0SLIT Cl = = = = = = = = avu2ap smyouajaydy
AN Jd AN LR | AN Ad AN HJd an LR | AN Jd AN sl
LD 09) (87) ¥s) (sp) (ov) (09)
andnyyRys ysuS "I'L eyposaes qeyes-N droye| ansey[ peqefesie
N_ sapojewdu 10j pajdures sapnied0| $3193ds IpojewdN
T
_M *‘s[puun) JIpun pjuerd 0jewo) YIm pajerdosse sapojewdu dniseaed-jueyd Jo L)isudp pue Louanbagy PDUALINDQ  -I] dqeL
AWn Tios o
ANn 00S UI SOpOjewIau JO UOIIBIAQD pIepue)s F AJISuap ued]N = (A (punoj sem soroads yorym ur sojdures jo oFejuoorad) 0ouarnodo jo Aouanbaiy oAne[oy = ¥ s«
< "P309[[09 so[dures 108 JO JoqUINN] 4
n
€16 Y4 €LET 0S = = = = 029 14! €16 €€ Ivel Y4 0SLIT 0¢ “dds puwourydry
- - - - - - - - - - - - €EET ST - - 1034D)d snyouly.Loyoua|fy
000¢ L1 0991 L1 1449 I - - or¢lI 8¢ 000¢ L1 - - 8011 ov snnus snjoydopvy
(24! Y4 o = 8¢ 0ol  LO9I1 0¢C L991 14! 0991 L1 = - - = supajauad snyoua|ipid
6LCI €C 176¢ 81 008¢ ST 10Vl 09 88LT LS 100T LY 7051 0S 001 0¢ pjusodur aukSoprojapy
0cll Y4 LI L1 110C L1 086 0T 0Trl 8T 0991 L1 086 Cl = # vo1upav| auLsoproja
ovel 1T 0SST €€ 8¢ ST 691 (04 8LLT 8¢C 6L1T €€ 688¢C LE 000¢ 0¢ snquinjos snupojdogy
09L1 Y4 086 L1 L9S L1 - - 0cel 14! 0CLI 0s OITI Cl 0991 0T DA2ISKY1p SNYOU|J0I2 1
9Ly Cl 90¢1 £ el 81 £e8 0cC ovL 14! [4¥4! L1 0SLI Y4 = = apuaap smypouajaydy
dn Jd an Jd an aJd dn qd adn Jd an Jd dn Jd dn s
,(0€) (s©) 02 (08) (0¢) 09) (09) (09)
JndnyyrRys ysuiS "I°L eyposies qeyes-N droye ansey[ Sueyf peqefesieq $910ads apojewAN

sapojeurdu J10j pajdures sanIed0|

598

*s[puun} Japun pajuepd JIQUINOND YPIIM pPIjerdosse sapojeuwrdu dnisered-juerd Jo £)suap pue £ouanbay 3dudLINDQ

-1319eL



599

S.A. ANWAR ET AL. SURVEY: PLANT PARASITIC NEMATODE OF TUNNEL PLANTED VEGETABLES

Table III.- Occurrence frequency and density of plant-parasitic nematodes associated with chili peppers planted under tunnels.

Nematode species

Localities sampled for nematodes

Faisalabad Jhang Kasur Lahore N-Sahab T.T. Sing Sheikhupur
(25 (€L)) (24 (26) (23) an’
RF**  MD RF MD RF MD RF MD RF MD RF MD RF MD
Aphelenchus avenae 14 1120 20 1668 - - 15 1500 - - 17 1114 20 560
Helicotylenchus dihystera 18 940 14 1820 12 1484 12 1254 15 1120 15 980 20 1460
Hoplolaimus columbus 18 1725 10 1445 - - - - 15 1307 13 1715 10 870
Meloidogyne javanica - - 20 780 14 1280 12 1140 - - 14 1660 20 1020
Meloidogyne incognita 20 1250 22 1542 15 3735 20 3117 22 1750 20 2165 28 2150
Pratylenchus penetrans 13 1273 16 1640 13 1660 15 867 14 1924 12 1334 20 1420
Radopholus smilis 15 1470 20 667 15 2282 - - 16 1552 18 1889 14 1660
Tylenchorhynchus claytoni - - - - - - - - - - - - - -
Xiphinema spp. - - 20 500 - - 13 750 19 760 14 580 - -

*Number of soil samples collected.

#*RF = Relative frequency of occurrence (percentage of samples in which species was found); MD = Mean density = standard deviation of nematodes in 500 cm® soil.

Table IV.-

Occurrence frequency and density of plant-parasitic nematodes associated with bell peppers planted under tunnels.

Nematode species

Localities sampled for nematodes

Faisalabad Jhang Kasur Lahore N-Sahab T.T. Sing Sheikhupur
(20) as) (20) (26) (20) 1e) (26)°
RF#** MD RF MD RF MD RF MD RF MD RF MD RF MD
Aphelenchus avenae - - 15 1842 - - 14 930 12 1660 - - 17 660
Helicotylenchus dihystera 12 740 13 1672 19 960 17 1270 - - 12 19 - -
Hoplolaimus columbus 14 1450 15 1016 14 1660 17 1684 15 1880 - - 23 1530
Meloidogyne javanica - - 12 1470 14 770 - - 13 920 11 17 17 880
Meloidogyne incognita 20 1260 15 2250 18 2490 19 1420 12 750 15 36.3 13 1460
Pratylenchus penetrans 20 780 - 1637 14 4980 12 880 12 1120 12 1167 14 1080
Radopholus smilis 10 1590 8 1055 14 830 13 840 10 1855 14 1828 18 1246
Tylenchorhynchus claytoni - - - - - - - - - - - 22 - -
Xiphinema spp. - - 12 583 14 830 - - 15 2250 - - 16 1110

*Number of soil samples collected.

#*RF = Relative frequency of occurrence (percentage of samples in which species was found); MD = Mean density = standard deviation of nematodes in 500 cm? soil.
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reduce the ability of roots to absorb water and
nutrients from soil leading to poor foliage growth
(Endo, 1975). The occurrence of these ectoparasitic
nematodes genera has frequently been found in
commercially grown vegetable crops (Anwar and
McKenry, 2010; Anwar and Akhtar, 1992 Magbool,
1992; Barker et al., 1998). Species of Xiphinema in
addition to the direct root damage caused by their
feeding also are known to transmit viral diseases
like tomato ringspot nepovirus (TomRSV), tobacco
ringspot nepovirus (TobRSV) that infects tomato,
tobacco, and soybean and has an economically
important impact on cucurbits (Fulton, 1962; Imle
and Samson, 1937; Brown et al., 1993, 1995). As
virus vectors they can be damaging at very low
population levels. Least damaging of the listed
nematodes to vegetables is A. avenae, a nematode
that derives its food from fungi and bacteria and is
more associated with damage to mushroom
culturing (Khanna and Kumar, 2005).

Variations in occurrence frequency and
density of each nematode species surveyed from
these vegetable crops appears to be influenced by
cropping pattern. It is reported that plant-parasitic
nematodes in cultivated soil may be affected by the
planting of cover crops, the use of alternate crop
sequences, soil types and length of fallow (Brodie
and Murphy, 1975; Brodie et al., 1970).

The results of this study indicate that plant-
parasitic nematodes are widely distributed on
vegetable crops cultivated under tunnels in the
Punjab. This information on nematode occurrence
on vegetable crops will be helpful for growers for
planning and administering nematode management
strategies to reduce the nematode populations below
their threshold levels. This study also demonstrated
that the presence of many economically important
plant-parasitic nematodes are associated with
Punjab vegetable plantings but particularly those
within tunnels where replanting is commonly on a
fast cycle. This study further suggests that
magnitude of nematode problem in tunnel planted
crops needs serious consideration to tackle by the
use of useful nematode management strategies.
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