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Abstract

Nematode infection causes significant change in the physiology of the plant. So, the study was conducted to investigate the impact of root knot
nematode on okra. Six cultivars of okra_were evaluated against root knot nematode; out of these, one was found to be resistant, two were
moderately resistant and three were susceptible cultivars with the highest number of galls. In present study, the chlorophyll content of the
susceptible cultivar was less than the moderately resistant and resistant cultivar. Maximum reduction was found in inoculated Utkal Gaurav
31.64 % as compared to Chota bana bhendi (18.44 %). In Chota bana bhendi, the chlorophyll b content was decreased from 5.4 to 4.6 mg/g of
fresh leaf. Similarly, maximum reduction was seen in the case of susceptible cultivar Utkal Gaurav, i.e., 25.35 % and 22.34 % in Chota Bana
Bhendi. The phenol content of inoculated roots of okra was increased by 15.40 %, 17.95 % and 34.91 % in cultivars Utkal Gaurav, Jhar bhendi
and Chota bana bhendi respectively, over uninoculated plants. Whereas the proline content in roots of inoculated plants of okra was increased
by 27.63 %, 21.51 % and 19.31 % in Utkal Gaurav, Jhar bhendi and Chota bana bhendi cultivars respectively. In all cultivars percentage
macronutrient content significantly increased over the uninoculated plants, but the maximum increase recorded in Utkal gaurav shown
Nitrogen (2.52 %), Phosphorus (1.6 %) and Potassium (3.43 %). The lowest concentration of Nitrogen (2.14 %) and Phosphorus (1.14 %) and
Potassium (3.06 %) were observed in inoculated resistant cultivar. So, the identified resistant cultivar recommended for commercial cultivation.
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Introduction They cause a yield loss of approximately 19.6 % in
vegetable crops across India (10). Root-knot nematodes are
responsible for causing yield losses of up to 91 % in crops and
vegetables. In okra, Meloidogyne spp. have been found to cause
yield losses of up to 27 % (11). Excessive use of chemical
nematicides can degrade soil health and the ecosystem (12),
despite their effectiveness for management of nematodes. So,
host plant resistance provides a key to managing root knot
nematodes which is environment friendly and economically
viable (12, 13). Plants create enormous amounts of secondary
metabolites involved in plant defence mechanisms, such as
phenols and prolines. A series of biochemical and physiological
reactions that occur in host plants in response to root-knot
nematode infection results in disease occurrence. To improve
our knowledge of the interaction between plant nematodes
and to choose an appropriate management approach, a
thorough analysis of these biochemical and physiological
processes is necessary. The purpose of the current
investigation was to find possible candidate biochemical
substances that give resistance considering this background
information.

Okra is an important biannual crop with two growing seasons
of tropical countries. It belongs to the family Malvaceae and
genus Abelmoschus (Abelmoschus esculentus L. Moench).
Although its origin in the tropics of Afro-Asian countries, this
vegetable has become essential in the Indo-Pak subcontinent
due to its high nutritional value. It is high in protein and the
most common elements discovered in it are potassium,
magnesium, sodium, calcium, iron and vitamins (1). Among
various biotic stresses, root-knot nematodes cause both
primary infection and facilitate other soil microorganisms to
cause disease such as bacterial wilt, collar rot and fusarium wilt
(2). Root-knot nematodes (Meloidogyne spp.) are the most
prevalent group of plant-parasitic nematodes, resulting in
significant losses in a variety of economically valuable crops (3,
4). Over 100 root-knot nematode species have been reported
worldwide (5). Among all nematodes affecting okra, the most
dangerous are the root-knot nematodes (Meloidogyne spp.) (6-
8). These disguised biotic stresses severely affect okra growth,
production and quality in tropical and subtropical climates (9).
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Materials and Methods
Isolation and preparation of nematode inoculum

The experiment was conducted out in Department of
Nematology, College of Agriculture, Odisha University of
Agriculture and Technology, Bhubaneswar using statistical
design CRD with four numbers of replication. Earthen pots
were sterilised with 1 % formalin and filled with soil, sand and
FYM (2:1:1). Meloidogyne incognita egg masses were collected
and propagated on a susceptible tomato variety (Pusa Ruby).
Different species of root knot nematode were identified
according to perennial pattern suggested by previous
researchers (14). From tomato plant, galled roots were
collected. With the aid of tweezers, egg masses were removed
from galled roots and spread out over the wire, gauze and
paper assembly that was placed on the petridish. Meloidogyne
incognita second stage juveniles that had just hatched were
isolated and surface sterilised using mercurochrome (0.1 %) for
30 min to prevent contamination. The average number of 1000
J, per 10 mL of sample was standardised. Initially the seeds of
the okra were surface sterilized for 2 min. in 2.5 % sodium
hypochlorite solution. In each pot, seeds were sown and light
irrigation for made the soil wet. After germination when seeds,
kept one seedling per pot.

Screening and evaluation of okra cultivar against root knot
nematode, M. incognita:

After 40 days of inoculation, the plants were uprooted
smoothly and growth parameters like shoot length (cm), root
length (cm), shoot weight (g), root weight (g), final nematode
population (number) and okra cultivars were categorized as

Table 1. Root-knot index 1-5 Scale

Gallindex Observations Reactions
1 No egg mass/galls/plant Highly Resistant (HR)
2 1-10 egg masses/galls/plant Resistant(R)
3 11-30 egg mass/galls/plant ~ Moderately Resistant (MR)
4 31-100 egg mass/galls/plant Susceptible(S)
5 >100 egg masses/galls/plant  Highly Susceptible (HS)

per the root-knot index scale (Table 1) given below (15).
Physiological and biochemical analysis of okra roots
Estimation of chlorophyll content

100 mg of leaves from each treatment were collected and
macerated with 10 mL of 80 % acetone and kept it dark for 24
hr. Then the content was filtered and observation taken at 645
nm and 663 nm by the help of spectrophotometer. The
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chlorophyll content (a, b and total) was calculated by formulae
suggested by previous researchers (16).

Estimation of phenol and proline content

For estimation of phenolic content 100 mg of root sample were
grounded with 80 % of 10 mL ethanol and centrifuged at 5000
rpm for 20 min. Aliquot of 0.5 mL was pipetted out from the
extract and add 0.5 mL of 1N folin-Ciocalteu was added. Then
2mL of 20 % Na,COswas added after 3 min. Absorbance taken
at 650 nm and total phenol was determined by standard
prepared using catechol (10-100 ug mL*) (17).

Total proline content was estimated using procedure
described previously (18). Root sample was grounded with
10ml of 3 % sulfo-salicylic acid and centrifuged for 10 min at
3000 rpm. 2 mL of GAA and 2 mL of ninhydrin added and boiled
for 1hr at 100 °C. The reaction was stopped by cooling down in
ice bath. Tolune (4 mL) was mixed and shaken vigorously. Later
the toluene layer was separated using separating funnel at
bottom and absorbance taken at 520 nm. The proline content
was estimated by using fresh proline as standard.

Analysis of nitrogen, phosphorus and potassium content

Root samples of each treatment were dried, powdered and
digested with triple acid extract and the extracts were
estimated for total nitrogen by Kjeldahl method described by
former researchers (19). For estimation of phosphorus and
potassium content method described previously (20) and the
content were expressed in percentage.

Results
Screening and evaluation of okra cultivars

Root knot nematode infection was recorded at 40 days after
inoculation with nematode using root knot index scale and
results were shown in Table 2. Out of the six screened okra
cultivars, one was found to be resistant (R), with the lowest no.
of galls (10 galls per plant), while two cultivars, Jhar bhendi and
Nayagada local, were found to be moderately resistant (MR),
three cultivars were found to be susceptible (S), with the 41-73
galls per plant. It was noticed that the shoot and root growth
parameters decreased as root knot nematode susceptibility
increased. Furthermore, it was discovered that the plant's
growth parameters were less hampered in resistant cultivars.
The highest average shoot length and fresh shoot weight were
found in okra local cultivar Chota bana bhendi with 14.13 cm
and 16.27 g respectively while the declined in shoot length and
fresh weight was more severe in susceptible cultivars.
Maximum decrease in shoot length and fresh weight 9.10 cm

Table 2. Screening and evaluation of okra cultivars against root-knot nematode, M. incognita

Sl - Freshshoot  Freshroot Shoot length* Rootlength*  No.of Final Root knot .
No. SV weight'(g)  weight'()  (cm) (cm) gall’  Population (3 'ecate) | O
1 Utkal gaurav 10.62+£0.095 3.163+0.083 9.10+0.231 2.83%0.145 73.67+5.81 2.109* +0.008 4 S
2 Chotabanabhendi 16.27+0.070 6.323+0.066 14.13+#0.203 4.47#0.186 10.31+2.91 2.02* +0.003 2 R
3 Nayagada local 14.22+0.044 5.757+0.055 13.23+0.24 3.70£0.173  29.33+5.04 2.04*%+0.002 3 MR
4 BO-13 13.57+0.072 5.223+0.058 11.10#0.173 3.33%0.233 41.67+5.04 2.065*+0.002 4 S
5 V-33 11.27£0.084 4.127+0.023 10.30%0.231 3.00%0.1 53.33+3.18 2.086* +0.001 4 S
6 Jhar bhendi 14.50£0.071 5.993+0.073 13.67+0.176 3.53%0.233 23+4.36  2.034* £0.002 3 MR
CD (<0.05) 0.195 0.657 0.575 14.06 0.011
SE(m) + 0.063 0.211 0.185 4.51 0.004

*Mean + SE(m) of three replications; *log transformed value

S -Susceptible, R -Resistant, MR- Moderately resistant; CD: Critical difference; SE(m): Standard Error of mean.
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and 10.62 g respectively in cultivar Utkal gaurav. Among the
two moderately resistant cultivars cultivar Jhar bhendi had the
shoot weight and shoot length 14.50 g and 13.67 cm
respectively. Fresh shoot weight and length of susceptible
varieties were found to be negatively impacted by the root knot
nematode M. incognita. Nematode infection also affects the
root growth parameters severely. The maximum reduction
average root length of the okra cultivar Utkal gaurav was 2.83
c¢m whereas Jhar bhendi shown less reduction in root length
around 4.47 cm that was more pronounced than that of
another susceptible cultivar. The fresh root weight of
susceptible cultivar Utkal Gaurav was 3.163 g which was less as
compared to other resistant and moderately resistant cultivars.
The final nematode population in both soil and root was also
varied among different varieties. Maximum population of
nematode found in susceptible cultivars like Utkal Gaurav, V-33
followed by BO-13.

Estimation of chlorophyll content

In the present study it was noted that the chlorophyll ‘a’ content
in the inoculated decreased as compared to uninoculated
cultivars. Maximum percent reduction was found in inoculated
susceptible check Utkal Gaurav 31.64 % followed by Jhar bhendi
(23.55 %) and Chota bana bhendi (18.44 %) over uninoculated
plants (Table 3, Fig. 1). Again, the chlorophyll ‘b’ contents in the
nematode inoculated plants decreased as compared to
uninoculated plants. Maximum reduction was seen in
susceptible cultivars (Utkal Gaurav) i.e 25.95 %. In resistant
cultivar (Chota bana bhendi) the chlorophyll b content was
decreased from 5.4 to 4.6 mg/g of fresh leaf (Table 3, Fig. 2) over
uninoculated plant. Similarly, the total chlorophyll content was
decreased in all the cultivars after inoculation. But maximum
reduction was seen in case of susceptible cultivar Utkal Gaurav

Table 3. Chlorophyll (a, b, total) in the roots of okra

i.e 25.35 % followed by 24.01 % and 22.34 % in Jhar bhendi and
Chota bana bhendi respectively (Table 3, Fig. 3).

Estimation of phenol and proline content

Resistance cultivar, Chota bana bhendi produced considerably
more phenolic substances than the susceptible Utkal gaurav.
The phenol content of inoculated roots of okra cultivars was
increased by 15.40 %, 17.95 %, 34.91 % in cultivars Utkal
Gaurav, Jhar bhendi and Chota bana bhendi respectively over
uninoculated plants (Table 4, Fig. 4). There is significant
difference between inoculated and uninoculated plants.
Whereas the proline content in roots of inoculated plants of
okra cultivars were increased by 27.63 %, 21.51 % and 19.31 %
in Utkal Gaurav, Jhar bhendi and Chota bana bhendi cultivars
respectively over uninoculated plants. Moreover, due to
infection of root knot nematode the proline contents of these
varieties increased significantly over uninoculated plants
(Table 4, Fig. 5)

Estimation of macronutrient (N, P, K) content

Macronutrients like Nitrogen, Phosphorus and Potassium content
were significantly influenced after inoculation of nematode. In all
cultivar’s percentage Nitrogen, phosphorus and potassium
content increases over the control but maximum increase
recorded in susceptible cultivar Utkal gaurav showed the
maximum nitrogen (2.52 %), phosphorus (1.6 %) and potassium
(3.43 %) followed by inoculated moderately resistant cultivar. in
contrary, the lowest concentration of nitrogen (2.14 %) and
phosphorus (1.14 %) and potassium (3.06 %) were observed in
roots of inoculated resistant cultivar i.e. Chota bana bhendi (Table
5, Fig. 6-8).

. Chlorophyll a Chlorophyll b Total chlorophyll
Cultivars
| Ul % Change | Ul % Change | Ul % Change
S 4.63 6.77 -31.64 5.54 7.48 -25.95 12.40 16.61 -25.35
MR 3.98 5.21 -23.55 5.33 6.35 -16.03 11.71 15.41 -24.01
R 3.65 4.47 -18.44 4.60 5.40 -14.81 11.09 14.28 -22.34
C.D. (<0.05) 0.34 0.30 0.41 0.21 0.24 0.21
SE(m)+ 0.10 0.09 0.13 0.06 12.40 16.61

I =Inoculated; Ul = Uninoculated
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Fig. 1. Effect of M. incognita in chlorophyll content in three of okra cultivars - Chl A.
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Fig. 2. Effect of M. incognita in chlorophyll content in three of okra cultivars - Chl B.
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Fig. 3. Effect of M. incognita in chlorophyll content in three of okra cultivars - Total Chl.

Table 4. Phenolic and proline content in the roots of okra

. Phenol content (mg/g) Proline content (mg/g)
Cultivars
| Ul % Change 1 ul % Change
S 2.68 2.33 15.40 1.61 1.26 27.63
MR 291 2.46 17.95 1.29 1.06 21.51
R 3.39 2.52 34.91 1.21 1.01 19.31
C.D. (<0.05) 0.25 0.09 0.10 0.08
SE(m)+ 0.08 0.03 0.03 0.03
A
=0 3.5
g
= 2.5
a
= 2
P
= 1.5
=
= 1
=
o 0.5
0
5 MR R
M Inoculated m Uninoculated

Fig. 4. Effect of M. incognita in phenol content.
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Fig. 5. Effect of M. incognita in proline content.

Table 5. Macronutrient (Nitrogen, Phosphorus, Potassium) content in the roots of okra

Cultivars Nitrogen content Phosphorus content Potassium content
ultiv;
| Ul % Change 1 ul % Change 1 ul % Change
S 2.52 2.12 19.01 1.60 1.04 54.13 3.43 2.95 16.37
MR 2.30 1.97 17.05 1.33 0.91 46.96 3.20 2.84 12.78
R 2.14 1.86 14.92 1.14 0.82 38.27 3.06 2.77 10.58
C.D. (<0.05) 0.15 0.11 0.14 0.15 0.10 0.08
SE(m)+ 0.05 0.04 0.04 0.05 3.43 2.95
3
== 2.5
=
a 2
e
=
S 15
=
a
=0 1
[
| —
et
= 0.5
0
S MR R

m INOCULATED

mUNINOCULATED

Fig. 6. Effect of M. incognita in Nitrogen content.
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Fig. 7. Effect of M. incognita in Phosphorus content.
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Fig. 8. Effect of M. incognita in Potassium content.
Discussion

The use of resistant cultivars is regarded as a crucial nematode
management option for the future. In the current study, six okra
cultivars were assessed for resistance or susceptibility to M.
incognita using growth metrics and nematode reproduction. There
were significant differences between okra cultivars responded to
the nematode. The okra cultivars varied significantly in terms of
resistance and growth parameter reductions. We discovered a
substantial positive correlation between the number of galls and
nematode population and decrease in growth parameters. The
nematode produced galls and multiplied differently in six different
okra cultivars. Variations among okra cultivars can be linked to
genetic differences or the existence of genes conferring resistance
or susceptibility (21, 22). When resistance genes are present, the
nematode cannot infect or reproduce on non-host crops or
resistant cultivars of the crop because the features required for
effective infection and parasitism are absent. The result of
different growth parameters showed that nematode infection
negatively affects growth parameters, which was expected
because the nematode draws the nutrients by forming the giant
celland blocking the free flow of nutrients through xylem tissue.

In the present study we noted that there was significant
change in chlorophyll content after inoculation of nematode in
comparison with uninoculated check. In case of three reaction
maximum decrease in susceptible then moderately resistant
followed by resistant reaction. Similar findings noted previously
Similar results were also obtained by previous results (23-25),
reported that, infestation with RKN markedly decreased
photosynthetic pigment contents and altered several photosynthetic
traits (WUE and photosynthesis rate). They also revealed that the
pictures of photosynthetic pigments, content and composition, are
considered the poignant markers for nematode infection. Moreover,
the decrease in photosynthetic values in plants infected with
nematodes was also accompanied by proteolytic enzyme activities
(26).

Increase in total phenol contents in okra, mung bean,
different babchi varieties due to RKN infection has been reported
in previous studies (27-29). This increase in phenolic content can
be explained as a resistance strategy of the plant to create lignins
by breakdown of bound phenols or shifting of phenols to
alternative pathways (30). There was increase in proline content
of susceptible cultivar roots than the resistant cultivars. Similar
result found earlier in tomato after inoculation with nematode

(31).

Nutrients are essential elements for plant growth and
development and are essential for various physiological processes
(28). Compared to uninoculated control plants, nematode
inoculation increased root N, P and K concentrations and
maximum increase was noted in susceptible. These findings
previously noted in bitter gourd where macro nutrients content
was increased due to decreased flow of nutrients to shoots and all
nutrients accumulated in infected roots (32).

Conclusion

The study found significant variations within okra cultivars in
terms of M. incognita reproduction, growth and resistance
response. Resistant and moderately resistant cultivars displayed
slower and lower nematode proliferation than susceptible
cultivars. The moderately resistant cultivars were less susceptible
to nematode damage, making them good candidates for
breeding operations focused at creating nematode-resistant
cultivars. Study about different biochemical and physiological
parameters gave clear idea about different parameters that
involved in imparting resistant after nematode infection.

Future scope

Root knot nematode is a sedentary endoparasite and resistance
can be affected within the soil to the root environment. The
information generated from this investigation can be manipulated
through advanced biotechnological research for suitable
management strategies and that is the important implications for
future research who wish to increase agricultural yields by utilising
genotypes of okra that are resistant to nematodes. Further using
the implications of the research helping for development of
nematode resistant variety.

Acknowledgements

The authors are thankful to the Department of
Nematology, OUAT, Bhubaneswar, for providing
laboratory facilities and land for conducting the
experiment.

https://plantsciencetoday.online


https://plantsciencetoday.online

Authors' contributions

AS and DKN contributed equally to conducting the research and
drafting the manuscript. SKB participated in the research and
data collection. AKS was responsible for statistical analysis and
preparation of the final draft. ND contributed to the study design
and coordination. All authors read and approved the final version
of the manuscript.

Compliance with ethical standards

Conflict of interest: The authors declared no conflict of interest.

Ethicalissues: None

References

1

10.

11.

12.

13.

14.

Al-Wandawai H. Chemical composition of seeds of two okra
cultivars Irag. J Agric Food Chem. 1983. https://doi.org/10.1021/
jf00120a051

Gowda MT, Rai AB, Singh B. Root knot nematode: a threat to
vegetable production and its management (IIVR Technical Bulletin
No. 76). Indian Institute of Vegetable Research, Varanasi. 2017.

Jones JT, Haegeman A, Danchin EGJ, Hari SG, Helder J, Jones MGK,
et al. Top 10 plant-parasitic nematodes in molecular plant
pathology. Mol Plant Pathol. 2013;14:946-61. https://
doi.org/10.1111/mpp.12057

Silva MCL, Santos CDG, Silva GS. Espécies de Meloidogyne associada
a vegetais em microrregides do estado do Ceara. Rev Ciénc Agron.
2016;47:710-19.

Hunt DJ, Handoo ZA. Taxonomy, identification and principal
species. In: Root Knot Nematodes. Wallingford, UK: CABI; 2009:55-
97. https://doi.org/10.1079/9781845934927.0055

Hussain MA, Mukhtar T, Kayani MZ. Assessment of the damage
caused by Meloidogyne incognita on okra (Abelmoschus esculentus).
JAnim Plant Sci. 2011;21:857-61.

Hussain MA, Mukhtar T, Kayani MZ, Aslam MN, Haque MI. A survey of
okra (Abelmoschus esculentus) in the Punjab province of Pakistan
for the determination of prevalence, incidence and severity of root-
knot disease caused by Meloidogyne spp. Pak J Bot. 2012;44(6):2071
-5.

Mukhtar T, Arshad I, Kayani MZ, Hussain MA, Kayani MZ, Rahoo AM,
et al. Estimation of damage to okra (Abelmoschus esculentus) by
root knot disease incited by Meloidogyne incognita. Pak J Bot.
2013;45:1023-7.

Hussain MA, Mukhtar T, Kayani MZ. Responses to root-knot
nematode (Meloidogyne incognita) infection in okra germplasm.
Pak J Agric Sci. 2014;51(2):309-14.

Gowda MT, Rai AB, Singh B. Root knot nematode: a threat to
vegetable production and its management. [IVR Tech Bull.
2007;76:32.

Sikora RA, Fernandez E. Nematode parasites of vegetables. In: Luc
M, Sikora RA, Bridge J, editors. Plant Parasitic Nematodes in
Subtropical and Tropical Agriculture. London, UK: CABI; 2005:319-
92. https://doi.org/10.1079/9780851997278.0319

Devran Z, Burcu B, Ays T, Fatmana D. Comparison of PCR-based
molecular markers for identification of Mi gene. Acta Agric Scand B
Soil Plant Sci. 2013. https://doi.org/10.1080/09064710.2013.771700

Williamson VM, Robert PA. Mechanisms and genetics of resistance.
In: Perry RN, Moens M, Starr JL, editors. Root Knot Nematodes. CABI
Publishing; 2009:301-19. https://
doi.org/10.1079/9781845934927.0301

Eisenback JD, Hirschmann H, Sasser JN, Triantaphyllou AC. A guide
to the four most common species of root knot nematodes,

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

Meloidogyne spp. with a pictorial key. Raleigh, North Carolina, USA:
North Carolina State University Graphics and USAID; 1981:48.

Taylor AL, Sasse JN. Biology, identification and control of root-knot
nematode Meloidogyne incognita. Raleigh, NC, USA: North Carolina
State University and United States Agency for International
Development; 1978:3.

Arnon DI. Copper enzymes in isolated chloroplasts. Polyphenol
oxidase in Beta vulgaris. Plant Physiol. 1949;24:1-5. https://
doi.org/10.1104/pp.24.1.1

Bray HG, Thrope WV. Analysis of phenolic compounds of interest in
metabolism. Methods Biochem Anal. 1954;1:27-52. https://
doi.org/10.1002/9780470110171.ch2

Bates LS, Waldren RP, Teare ID. Rapid determination of free proline
for water stress studies. Plant Soil. 1973;39:205. https://
doi.org/10.1007/BF00018060

Mahadevan A, Sridhar R. Methods in physiological plant pathology.
Madras: Sivakami Publications; 1986.

Jackson ML. Soil Chemical Analysis. New Delhi: Prentice Hall of
India Pvt. Ltd.; 1973:498.

Trudgill. Resistance to and tolerance of plant parasitic nematodes
in plants. Annu Rev Phytopathol. 1991;29:167-92. https://
doi.org/10.1146/annurev.py.29.090191.001123

Ye DY, Qi YH, Cao SF, Wei BQ, Zhang HS. Histopathology combined
with transcriptome analyses reveals the mechanism of resistance to
Meloidogyne incognita in Cucumis metuliferus. J Plant Physiol.
2017;212:115-24. https://doi.org/10.1016/j.jplph.2017.02.002

Gillet FX, Bournaud C, de Souza Janior JDAD, Grossi-de-Sa MF. Plant
-parasitic nematodes: towards understanding molecular players in
stress  responses. Ann  Bot. 2017;119:775-89.  https://
doi.org/10.1093/aob/mcw260

Labudda M. Ascorbate-glutathione pathway as an important player
in redox regulation in nematode-infested plants: what we have
learned so far. Physiol Mol Plant Pathol. 2018;103:47-53. https://
doi.org/10.1016/j.pmpp.2018.04.007

Atia MAM, Abdeldaym EA, Abdelsattar M, Ibrahim DSS, Saleh I.
Piriformospora indica promotes cucumber tolerance against root-
knot nematode by modulating photosynthesis and innate
responsive genes. Saudi J Biol Sci. 2020;27:279-87. https://
doi.org/10.1016/j.5jbs.2019.09.007

Labudda M, Tokarz K, Tokarz B, Muszyska E, Gietler M. Reactive
oxygen species metabolism and photosynthetic performance in
leaves of Hordeum vulgare plants co-infested with Heterodera
filipjevi and Aceria tosichella. Plant Cell Rep. 2020;39:1719-41.
https://doi.org/10.1007/500299-020-02600-5

Agarwal ML, Goel AK, Kumar S, Tayal MS. Biochemical changes in
okra infected with root-knot nematode, Meloidogyne incognita,
some hydrolysing and oxidative enzymes and related chemical
metabolites. Indian J Nematol. 1985;15(2):255-7.

Ahmed N, Abbasi MW, Shaukat SS, Zaki MJ. Physiological changes in
leaves of mung bean plants infected with Meloidogyne javanica.
Phytopathol Mediterr. 2009;48(2):262-8.

Danish M, Seikh H, Robab MI. Study on morphological and
biochemical characteristics of babchi (Psoralea corylifolia) infected
with the root-knot nematode, Meloidogyne incognita. J Agric Sci
Technol. 2018;20(3):633-45.

Nayak DK. Effects of nematode infection on contents of phenolic
substances as influenced by root-knot nematode, Meloidogyne
incognita in susceptible and resistant brinjal cultivars. Agric Sci Dig
Res  J.  201535(2):163-4. https://doi.org/10.5958/0976-
0547.2015.00032.4

Patel VS, Pitambara, Shukla YM. Biochemical characterization of
root knot nematode (Meloidogyne incognita) infected tomato
cultivar (Solanum lycopersicum L.). J Pharmacogn Phytochem.
2018;7(5):1621-9.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1021/jf00120a051
https://doi.org/10.1021/jf00120a051
https://doi.org/10.1111/mpp.12057
https://doi.org/10.1111/mpp.12057
https://doi.org/10.1079/9781845934927.0055
https://doi.org/10.1079/9780851997278.0319
https://doi.org/10.1080/09064710.2013.771700
https://doi.org/10.1079/9781845934927.0301
https://doi.org/10.1079/9781845934927.0301
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.1002/9780470110171.ch2
https://doi.org/10.1002/9780470110171.ch2
https://doi.org/10.1007/BF00018060
https://doi.org/10.1007/BF00018060
https://doi.org/10.1146/annurev.py.29.090191.001123
https://doi.org/10.1146/annurev.py.29.090191.001123
https://doi.org/10.1016/j.jplph.2017.02.002
https://doi.org/10.1093/aob/mcw260
https://doi.org/10.1093/aob/mcw260
https://doi.org/10.1016/j.pmpp.2018.04.007
https://doi.org/10.1016/j.pmpp.2018.04.007
https://doi.org/10.1016/j.sjbs.2019.09.007
https://doi.org/10.1016/j.sjbs.2019.09.007
https://doi.org/10.1007/s00299-020-02600-5
https://doi.org/10.5958/0976-0547.2015.00032.4
https://doi.org/10.5958/0976-0547.2015.00032.4

ANUKIRAN ET AL

32. Mahapatra M, Nayak DK. Variation in nutrient status of susceptible
and resistant bitter gourd varieties infected by root knot nematode,
Meloidogyne incognita. J Entomol Zool Stud. 2019;8(1):1639-46.

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

