Pak. J. Bot., 45(3): 1023-1027, 2013.

ESTIMATION OF DAMAGE TO OKRA (ABELMOSCHUS ESCULENTUS) BY
ROOT-KNOT DISEASE INCITED BY MELOIDOGYNE INCOGNITA

TARIQ MUKHTARY, ISRAR ARSHAD', MUHAMMAD ZAMEER KAYANI?, MUHAMMAD ARSHAD
HUSSAIN®, SAMAH BASHIR KAYANI*, ALI MURAD RAHOO® AND MUHAMMAD ASHFAQ"

'Department of Plant Pathology, Pir Mehr Ali Shah Arid Agriculture University, Rawalpindi, Pakistan
’Green Belt Project, Department of Agriculture, Rawalpindi, Pakistan
®plant Pathology Section, Regional Agricultural Research Institute, Bahawalpur, Pakistan
*Department of Wildlife Management, Pir Mehr Ali Shah Arid Agriculture University, Rawalpindi, Pakistan
Wheat Research Institute, Sindh, Sakrand
“Corresponding author’s e-mail: drtmukhtar@uaar.edu.pk; Tel.: +92 51 9290239

Abstract

The pathogenic potential of Meloidogyne incognita on okra (Abelmoschus esculentus) was determined at initial
population densities of 0, 1000, 2000 and 4000 second stage juveniles per kg of soil in pots in the glasshouse inoculated
after 2™, 3, 4™ and 5™ week of emergence. Significant reductions in plant height and fresh shoot weight and increases in
root weight, number of galls and egg masses were observed at all inoculum densities. With an increase in inoculum level,
there was a progressive increase in height and shoot weight reductions, root weight, number of galls and egg masses. Plants
inoculated after 2" week of emergence were heavily damaged. However, with the increase in plant age at the time of
inoculation, the damaging effects lowered significantly. Reductions in height and shoot weight and increase in root weight,
number of galls and egg masses were found to be directly proportional to inoculum densities. On the other hand, with an
increase in the initial inoculum density and plant age there was a corresponding decrease in the reproduction factor being

inversely proportional to inoculum densities and plant ages.
Introduction

Okra (Abelmoschus esculentus) is a summer vegetable
crop grown in many countries (Khan et al., 2013). The
young tender fruits of okra are cooked in curries, stewed
and used as soups. Okra is a rich source of many nutrients.
A half cup of okra contains calories 25, dietary fiber 2g,
protein 1.5g, carbohydrates 5.8g, vitamin A 460 IU, vitamin
C 13mg, folic acid 36.5pg, calcium 50mg, iron 0.4mg,
potassium 25mg, magnesium 46mg.

Okra is subjected to attack by many insects and
pathogens including fungi, viruses, mycoplasmas and
nematodes (Hussain et al., 2011a; Ahmad et al., 2012;
Arain et al., 2012; Igbal et al., 2012; Srivastava et al.,
2012). The most widespread and economically important
are the root-knot nematodes (Meloidogyne spp.). Their life
cycle is completed in 25 days at 27°C, but it takes longer at
lower or higher temperatures. The short life cycle enables
root-knot nematode populations to survive well in the
presence of a suitable host and their populations build up to
a maximum as crops reach maturity.

Root-knot nematodes infect a wide range of
important crop plants and are particularly damaging the
vegetable crops in tropical and subtropical countries
(Osman et al., 2012; Youssef et al., 2012). The infested
plants are chlorotic, stunted and unthrifty (Archana &
Saxena, 2012). Among over 100 described species of
Meloidogyne, the four most commonly occurring
species are Meloidogyne incognita, M. arenaria, M.
javanica and M. hapla. The species of root-knot
nematode attack more than 2000 species of plants
including almost all cultivated plants. Root-knot
nematodes are reported to cause annual losses in
tropics up to 29% in tomato, 22% in okra, 24% in
potato, 23% in egg plant, 25% in pepper and 28% in

beans (Sasser, 1979). There are 23 species of
nematodes associated with okra crop in Pakistan.
Among these, M. incognita (Kofoid & White 1919;
Chitwood, 1949) is the most destructive one and hence
is of economic importance (Hussain et al., 2012;
Kayani et al., 2012a, 2012b, 2013). Myriads of
attempts have been made to control these insidious
pathogens by employing various strategies (Rahoo et
al., 2011; Dong et al., 2012; Fabiyi et al., 2012;
Goswami et al., 2012; Ismail & Mohamed, 2012; Khan
et al., 2012a, 2012b; Qureshi et al., 2012; Radwan et
al., 2012; Mukhtar et al., 2013a; Rizvi et al., 2013;
Shinwari et al., 2013) but the problem is still there. In
Pakistan, the root-knot nematode problem is more
damaging than in developing countries, because the
country has tropical and sub-tropical regions where the
climate is suitable for nematode activity throughout the
year. Sandy soil in warm irrigated areas favours the
infestation of root-knot nematode.

The influence of nematode numbers on plant growth
and yield can often be expressed as a linear regression of
growth or yield on log nematode numbers. It is possible
that competition at high densities of nematodes
population for invasion and feeding sites reduces the
yield proportionately as the population increases
(Wonang & Akueshi, 1990). The effect of different
inoculum levels of Meloidogyne spp. on different crops
have been studied by different workers (Youssef & Al-
Nagdi, 2004) and such information is lacking on okra
crop. Keeping in view the economic importance of M.
incognita in reducing the quality and quantity of crop
production, the present study was designed to determine
the effect of different inoculum densities of M. incognita
on okra at different ages which will help in the
determination of economic threshold level.
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Materials and Methods

Nematode inoculums: The root-knot nematode,
Meloidogyne incognita, used in the experiment was
collected from infected cucumber roots. The nematode was
multiplied from a single egg mass on tomato cv “Money
maker” and was confirmed by making perineal pattern
(Taylor & Netscher, 1974). The nematode was further mass
produced on tomato in pots in green house at 25°C + 2.
After 35 days roots were removed from soil, washed with
tap water, cut into approximately 1-2 cm pieces. The roots
were vigorously shaken in a bottle containing 0.5% NaOCI
for 5 minutes. The eggs were collected on a 38 pm sieve
and washed in a beaker (Hussey & Barker, 1973). The egg
suspension was poured onto an extraction tray and
juveniles were collected (Whitehead & Hemming, 1965).
For the estimation of inoculum density, the nematode
suspension was poured into a measuring cylinder. The
numbers of juveniles were estimated in ten aliquots of 1 ml
in a counting dish under a dissecting microscope at a
magnification of 35 Xand their mean was calculated. Based
on the total volume of the suspension, total number of
juveniles was extrapolated. For concentrating the juveniles’
suspension, it was left to settle down for several hours and
afterwards the extra water was decanted off leaving the
bottom undisturbed.

Pathogenicity test: Okra plants cv “Sabz Pari” were raised
in autoclaved sterilized soil in pots at weekly intervals. The
pathogenicity of M. incognita was evaluated at different
inoculum densities. When okra plants attained ages of 2, 3,
4, and 5 weeks, these were inoculated with an initial
population (Pi) of M. incognita @ 0, 1000, 2000, and 4000
second stage juveniles per plant. Each treatment was
quadruplicated. Inoculation was done by adding the
required amount of nematode suspension into four holes
around the plants. The holes were covered with soil to
prevent drying. The plants were placed in glass house at
25°C + 2. The plants were watered according to need. Eight
weeks after inoculation, the plants were removed from the
pots carefully and data regarding plant height, fresh shoot
and root weights, number of galls, egg masses per plant,
final nematodes populations and reproduction factor were
recorded. Galls and egg masses were counted under a
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dissecting microscope at a magnification of 35X. After
counting egg masses on the roots, eggs were obtained
(Hussey & Barker, 1973) and counted as mentioned above.
The nematodes were also extracted from soil using
Whitehead and Hemming tray method (Whitehead &
Hemming, 1965). The eggs and nematodes extracted from
soil formed the final nematodes population (Pf). The
reproduction factor (Rf) was calculated by dividing the
final nematode population by initial nematode population.

Statistical analysis: The percent increases and reductions
in various parameters were calculated over control
(Hussain et al., 2011b; Kayani et al., 2012¢c; Mukhtar et
al., 2013b) prior to statistical analysis. The experiment
was repeated twice. Since there were no discrepancies in
the mean values of all the corresponding treatments of the
repeated experiments, the data of both the trials were
amalgamated before statistical analysis. All the data were
subjected to analysis of variance using statistical software
Genstat 12™ edition. Means were compared by Duncan’s
Multiple Range Test. A significant level of p<0.05 was
used in statistical analyses. The regression equations were
done in Microsoft Excel, 2003 for windows.

Results and Discussion

All the inoculum levels of M. incognita caused
significant reductions over control in plant height (F =
26.36; df = 2, 36; p<0.00) and fresh shoot weight (F =
23.01; df= 2, 36; p<0.001) at all plant ages. Highest
reduction in plant height (55.72%) and shoot weight
(48.37%) were observed when plants were inoculated at the
age of 2 weeks with 4000 juveniles/plant and the lowest of
23.23 and 21.78% respectively at 1000 juveniles/plant
inoculated after 5 weeks (Table 1 and 2). The reductions in
these parameters increased significantly with an increase in
the inoculum level. However, the magnitude of these
reductions at each level diminished as the age of the plants
increased at the time of inoculation. The relationships
between different inocula and reductions in plant height
and shoot weight at 4 plant ages have been shown by
regression equations in Table 1 and 2.

Table 1. Effect of Meloidogyne incognita on reduction in plant height of A. esculentus.

Plant age at inoculation 1000 | InoczuoltL)J(T level 2000 Regression equation R?
2" week 43.02 cde 48.48 abc 55.72 a y=0.0041x +39.4 0.9881
3" week 37.29 de 42.40 cde 51.76 ab y =0.0048x + 32.61 0.9995
4™ week 3425¢ 38.26 de 44.92 bed y=10.0035x +30.92 0.9977
5" week 2323 f 3445¢ 41.45 cde y =0.0057 + 19.73 0.8992
Data are means of four replicates. Means sharing common letters do not differ significantly (p<0.005)
Table 2. Effect of Meloidogyne incognita on reduction in fresh shoot weight of A. esculentus.
Plant age at inoculation 1000 |Inocu2I(L)1(r)1(1) Ievel| 2000 Regression equation R?
2" week 35.70 bed 41.52 ab 48.37 a y=0.0041x +32.275 0.9796
3" week 32.83 cde 37.04 bed 43.40 ab y =0.0035x + 29.65 0.9946
4™ week 24.89 ef 31.45de 39.77 be y =0.0048x +20.73 0.9852
5™ week 21.78 f 26.75 ef 31.88 cde y=0.0033 + 19.215 0.9676

Data are means of four replicates. Means sharing common letters do not differ significantly (p<0.005)
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On the other hand, nematode inocula brought about
increases in fresh root weights (F = 9.90; df = 2, 36;
p<0.001) over control. Highest increases were recorded
at an inoculum level of 4000 juveniles/plant at all plant
ages (Table 3). The increase in fresh root weight was
found to be directly proportional to inoculum levels.
These relationships between nematode densities and
increases in root weights have been described by
regression equations in Table 3.

Similarly, nematode densities significantly affected
number of galls (F = 160.99; df = 2, 36: p<0.001), egg
masses (F = 152.12; df = 2, 36; p<0.001) and rate of
nematode build up (Pf/Pi) (F = 985.80; df = 2, 36;
p<0.001).

Maximum galls and egg masses were observed in
plants inoculated with 4000 larvae per plant after 2 weeks
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while minimum with an inoculation of 1000 juveniles
after Sweeks (Tables 4 and 5).The production of galls and
egg masses was found to be directly proportional to
inoculum levels and inversely proportional to plant ages.
These relationships are shown by regression equations
given in Table 4 and 5. On the other hand rate of
nematode build up (Rf) decreased with an increase in the
inoculum density, being higher at lowest levels. Highest
reproduction factor of 12.09 fold was observed in plants
inoculated with 1000 larvae/plant after 2 weeks. Plants
inoculated with highest level of nematodes after 5 weeks,
showed the lowest rate of nematode build up of 1.72-fold
(Table 6). Rate of nematode build up appeared to be
inversely proportional to the inoculum densities and plant
ages. These relationships have been shown by regression
equations in Table 6.

Table 3. Effect of Meloidogyne incognita on increase in fresh root weight of A. esculentus.

. . Inoculum level . . 2
Plant age at inoculation Regression equation R
1000 2000 4000
2" week 16.03 b 24.62 ab 3832a y=0.0073x +9.18 0.9966
3" week 17.03 b 25.60 ab 3838 a y=0.007x + 10.64 0.9941
4™ week 17.92 b 24.57 ab 33.18 ab y=0.005x + 13.615 0.9866
5" week 14.34b 20.80 ab 27.94 ab y =0.0044 + 10.77 0.9742
Data are means of four replicates. Means sharing common letters do not differ significantly (p<0.005).
Table 4. Effect of Meloidogyne incognita on number of galls on A. esculentus.
. . Inoculum level . . )
Plant age at inoculation Regression equation R
1000 2000 4000
2" week 71.75d 84.75¢ 110.25 a y=0.0128x + 59 1
3" week 62.75 ¢ 72.50d 94.00 b y=0.0105x + 52 0.9994
4™ week 52.75 fg 61.75¢ 83.00 ¢ y=0.0102x +42.125 0.9984
5™ week 4575 ¢ 55.50 ef 71.75d y =0.0086 + 37.625 0.9978
Data are means of four replicates. Means sharing common letters do not differ significantly (p<0.005).
Table 5. Effect of Meloidogyne incognita on number of egg masses on A. esculentus.
. . Inoculum level ) . )
Plant age at inoculation Regression equation R
1000 2000 4000
2" week 66.50 ¢ 78.25b 99.00 a y=0.0108x + 56.125 0.999
3" week 58.25 de 66.00 ¢ 84.50 b y =0.0088x + 49 0.9982
4™ week 48.25 gh 56.00 ef 77.75b y=0.01x +37.375 0.994
5™ week 4250 h 50.50 fg 64.00 cd y=0.0071 +35.75 0.9981
Data are means of four replicates. Means sharing common letters do not differ significantly (p<0.005).
Table 6. Effect of Meloidogyne incognita on rate of nematode build up (Rf = Pf/Pi).
. . Inoculum level . . )
Plant age at inoculation Regression equation R
1000 2000 4000
2" week 12.09 a 6.90 ¢ 439 ef y=0.0024x + 13.343 0.8571
3" week 8.21b 536d 315¢ y=0.0016x +9.311 0.9329
4™ week 6.47 c 393 f 2.28h y=0.0013x + 7.2895 0.9061
5™ week 467¢ 2.86¢ 17214 y=0.0009 + 5.2375 0.9022

Data are means of four replicates. Means sharing common letters do not differ significantly (p<0.005).
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The progressive impairment in growth confirms the
great damage potential of M. incognita on okra. The
effects of different inoculum densities of different
Meloidogyne species have also been studied by different
workers on different hosts (Akhtar et al., 2005; Sasanelli
et al., 2006; Neog & Bora, 2007; Irshad et al., 2012;
Maleita et al., 2012). The findings of these workers
confirm that the increase in nematode population and
subsequent reduction in yield of crops or other
manifestations of pathogenic effects, physiological
responses (total leaf chlorophyll content, CO,, exchange
rate) and concentration of sodium, potassium, iron,
manganese, copper and zinc are directly influenced by
initial density of nematodes in soil.The damaging effects
of M. incognita population levels were higher on younger
plants as compared to older ones. This was due to the
tenderness and succulence of tissues of younger plants
being more attractive and susceptible for large number of
nematodes. The older plants being harder and stronger,
suffered less. Choudhury (1985) reported that one week
old seedlings of tomato cv. Money maker did not tolerate
the attack of M. incognita larvae, while 3 and 5 week old
seedlings did. Salares and Capasin (1988) found that
percent yield reduction of amplaya (Momordica charania)
was lower on 8-week old plants compared with 2-, 4-and
6-week old plants when inoculated with different
inoculum densities of M. incognita. Initial densities of M.
incognita affected multiplication rate, lower initial
densities resulting into higher multiplication. This may be
explained due to destruction of root system and also due
to the inability of the larvae to locate the new infection
sites of subsequent generations. It is concluded that M.
incognita is pathogenic to A. esculentus at all population
levels and more damaging on younger plants compared to
older ones. This emphasizes the importance of the level of
soil nematode populations at the time of sowing or
nursery transplantation and the need to reduce high
populations during the beginning stages of plant growth
which can be accomplished by adopting various control
strategies (Ahmad et al., 2004; Cavoski et al., 2012;
Dallemole-Giaretta et al., 2012; Klein et al., 2012;
Mashela & Pofu, 2012; Singh et al., 2012a; 2012b;
Vagelas et al., 2012; Verdejo-Lucas et al., 2012; 2013).
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