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Okra is a valuable vegetable crop of Pakistan. It is predominantly hosted by
pathogens that reduce its yield and quality. Among these yield reducing agents, root
knot nematodes are very important due to their host rang. Chemical control for this
important pathogen is expensive and causes pollution problems so the present study
was planned to evaluate the level of resistance among different available varieties of
okra against Meloidogyne incognita under field conditions. The selected field was
already infested with M. incognita. Data were recorded on various plant growth
parameters and nematode development parameters after sixty days. Results
indicated that for various nematode populations and plant growth attributes all the
cultivars significantly differed with the Sabzpari 2001 and Sabzpari X Ramakrishna
having best performance on over all yield by showing moderately resistant response
but no variety was resistant against M. incognita. On over all basis and yield
attributes, it is recommended that Sabzpari 2001 and Sabzpari X Ramakrishna are
moderately resistant to nematode infestation and should be recommended to
farmers in root knot nematode infested soils of Pakistan.
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INTRODUCTION

to these pests has been estimated up to 20-30% and

Okra (Hibiscus esculentus L.) belonging to family
Malvaceae is an important cross-pollinated vegetable
crop of Indo-Pak sub-continent. It can be cultivated
successfully around the globe especially in sub tropics,
tropics, and temperate regions of Africa, Brazil, Middle
East, Turkey and the southern states of United States
(Acquistucci and Francisci, 2002). The global pod
production of okra is 4.8 million tons, out of which India
contributes 70%, Nigeria 15%, Pakistan 2%, Ghana 2%,
Egypt 1.7 % and Iraq 1.7% (Gulsen et al., 2007). The crop
has been challenged by various yield reducing agents
including fungi, bacteria, viruses, mycoplasma,
nematodes, and insects. The total loss of vegetables due
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unchecked growth may increase the loss up to 80-90%
and it would fetch very low price in market (Hamer and
Thomson, 1957).

In Pakistan, okra crop is infested by 23 species of
nematodes. Among these 23 destructive species of
nematodes, M. incognita is the most damaging and causes
economically important losses (Hussain and Mukhtar,
2019; Kayani and Mukhtar, 2018; Kayani et al., 2017,
2018; Kayani et al., 2013; Mukhtar, 2018; Mukhtar and
Hussain, 2019; Mukhtar et al., 2018; Mukhtar and Kayani,
2019; Nazir et al.,, 2019; Tarig-Khan et al.,, 2017). Pakistan
is facing more root-knot nematode problem than the
other developing countries, for the reason that here the
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climatic conditions are favorable in tropical and sub-
tropical areas round the year. Sandy soil in hot irrigated
areas encourages the infection of root-knot nematode.
Root knot nematodes are considered as threat to
cultivated fields due to severe root damage of crops in
Caribbean (Singh, 1975). More than 100 species of
Meloidogyne have been described, but the four most
frequently occurring species are M. javanica, M. hapla, M.
incognita and M. arenaria. More than 2000 species of
plants are attacked by the species of root-knot nematode
and most of them are the cultivated plants. Meloidogyne
spp. causes 5% to 43% of total losses in the vegetables
(Sasser, 1989). Up to 27% losses of yield in okra were
reported due to RKN (Anwar and McKenry, 2012). On
global basis, M. incognita has been reported first time to
constitute about 47% of the total RKN population (Sasser
and Carter, 1985). M. incognita and M. javanica were
found dominant species associated with banana, papaya,
sugarcane, cabbage, okra in Sindh, Punjab and NWFP
(Ahmad and Saeed, 1981; Brown, 1962).

The effect of number of nematodes on the growth of plant
and yield can often be explained as a linear regression of
growth or yield on log nematode numbers. Many strategies
are used to reduce the nematode population in infested
fields like chemical treatment of the soil, the use of natural
enemies or the biocontrol agents (Khan et al, 2017;
Mukhtar et al,, 2013a; Vagelas and Gowen, 2012), crop
rotation and by using the antagonistic plants (Kayani et al.,
2012; Mukhtar et al,, 2013b). Due to cost benefit ratio and
the pollution, the use of chemicals is not effective. By using
the resistant cultivars and the non-hosts, the nematode
population can be reduced in the soil (Hussain et al.,, 2014;
Hussain et al., 2016; Mukhtar et al., 2017a; Mukhtar et al.,,
2017b; Mukhtar et al, 2014; Mukhtar et al, 2013c).
Therefore, the present studies were planned to screen okra
cultivars against M. incognita.

MATERIALS AND METHODS

Collection of root samples and Purification of
Meloidogyne incognita: Roots of tomato plants infected
with root knot nematodes were collected from the
research area of the Department of Plant Pathology,
University of Agriculture Faisalabad. Ten diseased plants
with galls were carefully dug with the help of trowel to a
depth of one foot from the rhizosphere of tomato plants
with adhering soil. Samples infected with root-knot
nematodes were brought in ploythene bags in the
laboratory. The samples were stored at 15°C to maintain
the freshness of the samples. Samples were taken out
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from the cool incubator and infected roots were gently
rinsed under tap water.

Isolation and differentiation of root knot nematode
(Meloidogyne incognita): Isolation and differentiation of
nematodes was performed by following the method
described by Taylor and Netscher (1974). Galls
containing mature females were selected and kept in
petri dishes with tap water. The galls were dissected to
get adult females. Necks of females were cut off with the
help of half spear to pluck the interiors out. The cuticle
was kept in petri dishes containing a drop of 45% lactic
acid. Similarly, 5 to 10 cuticles were cut in half with the
help of blade. The portion of cuticles with perineal
patterns was transferred to another drop. After that it
was trimmed around the perineal pattern to square in
shape. The trimmed perineal pattern was kept back in the
45% lactic acid and was cleaned from debris using the
pulp canal file. The perineal pattern was transferred to a
drop of glycerin on a clean microslide after cleaning and
aligned with having orientation of anus downward. It is
pressed carefully against the glass with the help of pulp
canal file. A warm cover slip was kept on the glycerin
drop, sealed with nail polish and was labeled (Hartman
and Sasser, 1985). Diagnostic characters of Meloidogyne
incognita (a) Perineal pattern of Meloidogyne incognita is
sole as it contains lateral ridges which divide lateral and
ventral striae, (b) dorsal arch is low and rounded and (c)
striae are smooth to slightly wavy and some striae bend
towards valve edges. Egg sacs were got from galled roots
of infected plant samples by teasing, washing roots in
water and recovering the eggs on a 60 mesh sieve. Second
stage juveniles were isolated from the badly infested
roots of tomato and egg plants.

Evaluation of okra germplasm: Seeds of selected
varieties of okra Ikra-1, Ikra-2, Ikra-3, Ikra-4, Perbhani
Kranti, Sabzpari X Karan 51, Clemson Spineless, Punjab
2001, Sabzpari X
Ramakrishna, Green Wonder, Super Star, Sanam, Arka
Anomika, Red Burgundy, Okra-Haseena F1, Okra-OP-
Greenpod, Sabz Pari and Punjab-8 were sown in field
already infested with root-knot nematode with
susceptible tomato The experiment was
conducted in research area of the Department of Plant
Faisalabad.
Infestation level was 150 nematodes/100 ml of soil.
Randomized Complete Block Design was followed for
experiment. Plants were harvested at maturity. Roots
were washed in water by gently shaking it in the bucket

Selection, Pusa Green, Sabzpari

cultivar.
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and forceps were used to remove the debris. The roots
were then cut off from the other part of the plants and
were placed in folds of tissue paper to avoid drying.
Phloxin B was used to stain the roots and to count the egg
masses. The roots were placed for 15-20 minutes in
Phloxin B solution (0.15g/liter tape water). To prevent
drying, roots were wrapped in tissue paper after staining
during the steps of the procedure. Stereo microscope was
used to count the egg masses from the entire root system.
The rating of the root systems was done on the bases of
galling and egg masses presence on a 0.5 scale. (Anwar et
al,, 2007; Taylor and Sasser, 1978).

Data Collection: Number of galls per root system was
estimated and galling index was calculated using rating
scale (Taylor and Sasser, 1978). To estimate egg masses
per root system, 1 g sub-sample of roots was stained with
acid fuchsin, number of egg masses were counted and was
multiplied with total weight of root. To calculate the
number of females and juveniles inside the roots, 1 g sub
sample of root was macerated for 30-40 seconds in a
waring blender and counts were made in the suspension
thus obtained and were multiplied with total weight. Root
and shoot weights were measured as the mean of three
replications. For this purpose, roots were cut from the
base of the stems and their weights were measured by
electric balance. Total numbers of leaves and fruits were
counted manually. Root length was measured by using
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measuring tape. Fruit weight was taken as the average of
four plants.

Statistical analysis: The data were analyzed by using
SAS statistical package and treatment means were
compared by using Least Significance Difference (LSD)
test at 5% probability level (Steel et al., 1997).

RESULTS AND DISCUSSION

Results indicated that all the varieties showed significant
variations in number of galls per root system. Punjab-8
was highly susceptible and produced maximum (337)
galls. Better performance was exhibited by the cultivar
Sabzperi X Ramakrishna which produced minimum (3)
galls per root system. Neog et al. (2000) observed
significant growth reduction in okra plants with respect
to growth parameters including height, number of fruits,
fruit length, yield, root length, fresh, and dry weight of
roots. Number of egg masses per root system also showed
fluctuations in their values after the analysis. It is clear
from table 1 that cultivar Punjab selection was highly
susceptible and produced maximum (275) egg masses
per root system followed by Punjab-8 (273). Better
performance was exhibited by the cultivar Sabzpari 2001
which produced minimum (2) egg masses per root
system. It depicts that these cultivars vary in genetic
makeup (Brian et al.,, 2010). Number of females per root
system varied significantly in all cultivars as predicted
from table 1.

Table: 1. Nematode infestations on different okra cultivars by Meloidogyne incognita.

Sr. Variety No. of galls/ root No. of egg masses/ No. of females/ No. of Juveniles/
No. system root system root system root system
1 Ikra-1 88.2C 337.0A 92.2 HI 385 AB

2 Ikra-2 90.4 C 82.4 GH 94.0H 784 G

3 Ikra-3 88.8C 84.0 G 90.4 HI 902 G

4 Ikra-4 91.4C 81.0 GH 89.21 858 G

5 Perbhani Kranti 203.6B 170.0 DEF 200.2 DEFG 14619 EF
6 Sabzperi X Karan 51 3.8D 3.01 6.21 178 G

7 Clemson Spineless 202.0B 172.4 CD 202.4 CDE 15153 DEF
8 Puniab Selection 336.4 A 275.2 AB 383.0B 27836 A

9 Pusa Green 203.4B 173.4 CD 204.2 C 13545 EF
10 Sabzperi 2001 3.2D 201 541 103 G

11 Sabzperi X Ramakrishna 2.8D 4,01 721 193 G

12 Green Wonder 200.2B 168.6 EF 199.0 EFG 14207 EF
13 Sabzperi China Red 200.0B 167.0F 198.2 FG 13313 F
14 Super Star 87.2C 79.0 H 91.4 HI 795 G

15 Sanam 198.4 B 175.0C 203.8CD 16710 CD
16 Arka Anomika 199.8 B 171.8 CDE 201.4 CDEF 17160 CD
17 Red Burgundv 201.4B 170.4 DEF 202.0 CDE 17389 C
18 OKRA-Haseena F1 335.6 A 277.0 A 387.0A 25170 B
19 OKRA-OP-Greenpod 201.6B 174.2 C 197.6 G 15399 CDE
20 Sabz Pari 34D 3.01 8.201 115G

21 Punijab-8 337.0A 273.0B 385.20 AB 29217 A

Number of Juveniles per root system also showed
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fluctuations in their values and all the cultivars showed
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significant results for the number of juveniles per root
system. It was evident that cultivar Punjab-8 was highly
susceptible and produced maximum (55.68 g) fresh root
weight followed by Okra-Haseena F1 producing (54.6)
gram root weight. Better performance was exhibited by
the cultivar Sabzpari which produced minimum (21.1 g)
fresh weight of root. Similarly, cultivars Ikra-1 and Ikra-4
produced same fresh weight as compared to all other
cultivars with little variations. Table. 2 exhibited that
there were great variations in the values of the number of
leaves per plant for all cultivars. Among all the selected
varieties OKRA-Haseena F1 was not profitable having 22
leaves per plant followed by the Pusa Green, having 24
leaves per plant. Maximum number of leaves was present
on the shoot of Sabzpari 2001. The comparison of means
in the table 2 revealed that among all the cultivar Sabzpari
produced the maximum (28.4 cm) root length per plant
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followed by Punjab-8 producing (27.26) cm root length.
Minimum root length was produced by the cultivar Okra-
Haseena F1 producing (18.4 cm) of root length. Fruit
weight also showed fluctuations in its values after the
analysis.When the means were compared with each other
it was evident that cultivar Sabzpari produced minimum
(15.32 g) fruit weight.

Poor performance was exhibited by the cultivar Punjab-8
which was highly susceptible and produced minimum
(3.46 g) fruit weight followed by Okra-Haseena F1
producing (4.04) gram fruit weight. Performance of the
cultivars showed variations in the results of various
growth and yield attributes as documented in literature
about the investigation of the root knot nematode
infestation on various other crops like tomato, egg plant,
rice and many other crops as well (Kamran et al,, 2011;
Srivastava et al,, 2011; Ullah et al,, 2011).

Table 2. Effect of Meloidogyne incognita on different plant growth parameters.

Sr.No Variety Root length Number Leaves Fresh Shoot Fruit Weight Fresh root
(cm) per plant weight (g) (8) weight (g)

1 Ikra-1 22.8 DE 31.0 FGH 26.21] 7.0 EFG 33.8 HI

2 Ikra-2 24.0CD 229.2 HI 29.8E 8.3 DEF 359H

3 Ikra-3 23.0 DE 34.6 CDEF 33.3C 9.1D 3217

4 Ikra-4 22.0 DEFG 36.0 CDE 31.1DE 8.7 DE 309]JK

5 Perbhani Kranti 21.2 EFGH 30.2 GH 43.0 AB 5.1 HIJK 46.0 CD

6 Sabzperi X Karan 51 26.8 AB 38.0 BC 15.41 14.1 AB 22.21M

7 Clemson Spineless 22.0 DEFG 29.4 GHI 19.3 GH 6.6 FGH 44.2 DEF

8 Punjab Selection 19.2 HI 24.4]JK 443 A 3.7JK 52.8B

9 Pusa Green 22.4 DEF 31.0 FGH 42.2B 6.4 GH 47.1C

10 Sabzperi 2001 276 A 42.0A 202G 114 C 239L

11 Sabzperi X 274A 36.8 BCD 20.0 GH 13.1 BC 229 LM

12 Green Wonder 20.6 FGH 32.0 FGH 23.4F 6.4 GH 42.3 FG

13 Sabzperi China Red 21.6 EFG 28.4 HI 222F 5.2 HIJ 413G

14 Super Star 25.2BC 33.2 DEFG 32.2CD 8.6 DE 294K

15 Sanam 21.8 EFG 25.6 [JK 220F 5.7 GHI 43.2 EFG

16 Arka Anomika 20.2 GHI 29.2 HI 202G 6.5 GH 45.1 CDE

17 Red Burgundy 21.4 EFG 32.2 EFGH 183 H 5.9 GH 42.4 FG

18 OKRA-Haseena F1 18.41 220K 14.01 4.0 [JK 54.6 AB

19 OKRA-OP-Greenpod 21.4 EFG 30.2 GH 19.3 GH 5.6 GHI 45.0 CDE

20 Sabz Pari 284 A 40.4 AB 43.0 AB 153 A 211 M

21 Punjab-8 27.6 A 26.21] 43.0 AB 34K 55.6 A
CONCLUSION over all basis and yield attributes, it is recommended that

It is concluded from the above experiment that among all
the cultivars none of the variety was tolerant for all the
selected parameters. Variety behaving well for one
parameter was not favorable for another parameter. On
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Sabzpari 2001, Sabzpari X Ramakrishna and Sabzpari
have tolerance to nematode infestation and should be
recommended to farmers in root-knot nematode infested
soils of Pakistan.
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