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Biochemical Alterations of Black Gram, Vigna Mungo Infected with Root Knot
Nematode, Meloidogyne incognita Treated with Leaf Extract of Ervatamia

Heyneana

Azhagumurugan', C and M.K.Rajan'

Abstract: The present study has been done to evaluate the effect of leaf extract of Ervatamia heyneana against the root knot
nematode, Meloidogyne incognita infected with black gram, Vigna mungo at different inoculum levels of egg masses
(5, 10, 15, 20 and 25 egg masses) and the experimental plants treated with the leaf extract of E. heyneana at different
concentrations (5, 10, 15, 20 and 25 ppm). The control and experimental plants were analyzed after 65 days, the biochemical
changes of root knot nematode infected plants treated with leaf extract. The biochemical changes such as, carbohydrate,
protein and Nitrate reductase activity were found to be decreased with increasing inoculum levels of egg masses and
increased with increasing concentrations of leaf extracts treatment except phenol content.
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INTRODUCTION

Nematodes are a major problem in crop production
quantity and quality. Root-knot nematodes (RKN)
are one of the most important nematode pests of all
the crop plants and have a diverse host range.
Meloidogyne spp are sedentary root endoparasites and
are involved in the development of specialized
feeding structures known as giant cells. The infective
stage of the nematode is the second-stage juvenile
(J,)- The J, penetrate the roots and go through three
successive moults to become adult females or males.
Several of the most important root-knot nematode
species, including M. incognita, reproduce by obligate
mitotic parthenogenesis [1]. The mechanism of
feeding site development by root knot nematodes is
not well understood as it is a very dynamic and
complex process involving genes from both the
nematode and the host plant. The secretions from
the oesophageal glands of the nematode are
important in initiating the development of feeding
structures [2]. Root-knot nematodes (Meloidogyne
species) are one of the major plant-parasitic

nematodes causing diseases in plants all over the
world [3]. Typical symptoms of root knot nematode
injury include stunting, unthriftiness, premature
wilting, malformed fruit ripens slowly or unevenly
chlorosis (yellowing), gall formation, and non-
uniform growth and reduced stand establishment
[4,5] and below ground plant parts form a tight mat
of short roots and galls on roots [6]. Meloidogyne
incognita a notable species of the root-knot nematodes
had been identified as a major reason for yield
reduction in crops [7].

Nematodes are difficult to control because of
their wide host range and high rate of reproduction,
with females capable of producing up to thousand
eggs/female [8]. Synthetic pesticides, though
instantaneously effective are usually prohibitively
expensive, not readily available, may cause hazards
to both man and livestock and inflict injury to the
environment [9]. During the last decades,
nematologists worldwide search the cheaper, safer
and eco-friendly alternatives methods i.e. biological
and cultural methods to control the plant-parasitic
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nematodes. The use of botanicals appears the most
feasible especially for low income formers constitute
about 98% of the farming population. Applications
of these botanicals do not contribute a threat to the
environment, they are easily affordable, require less
skill and above all increase soil fertility [10]. Hence
the present investigation has been carried out the
biochemical alterations of black gram, Vigna mungo
infected with root knot nematode, Meloidogyne
incognita treated with leaf extract of Ervatamia
heyneana.

MATERIALS AND METHODS

The sand soils (River soil, Garden soil and Red soil)
were collected and sterilized with an autoclave. The
sterilization was carried out at 15 1b for 2 hours [11]
to destroy the various micro organisms. The
sterilized soil mixers were used in the proportion of
2:1:1 ratio. The healthy seeds of experimental plant,
Vigna mungo were chosen and their surface was
sterilized in 0.01% (w/v) mercuric chloride solution
for five minutes. They were rapidly washed well
with distilled water and then soaked in distilled
water for two hours. Vigna mungo seeds were sown
in mud pots of two litre capacity. The leaf extract
were prepared by vacuum rotatory evaporator using
acetone as a solvent and the temperature was
maintained at 55°C [12] methods. The different
concentrations was prepared with a 1 g of leaf
extract is dissolved in 1000 ml of distilled water and
kept as stock solution. These stock solutions were
used as a preparation of different concentrations such
as, 5 ppm (5 ml of stock solution with 95 ml of distilled
water). The same method is followed by other
concentrations. The leaf extract were applied in all
experimental plants without control and egg mass
inoculated control plants. The nematode egg masses

were collected from the infected roots of tomato
plants. The egg masses were isolated and separated
using a compound microscope (45X). The average
number of eggs per egg masses < 100 eggs. The
collected egg masses were separated at different
levels by counting (5, 10, 15, 20 and 25) and the
counted egg masses were inoculated in the
experimental pots. After inoculation distilled water
was poured for three days and leaf extracts were
added daily after 65 days and after analyze for
various biochemical characteristics, such as
Carbohydrate (Anthrone method [13], Protein [14],
Nitrate Reductase activity [15] and phenol content
[16] were analyzed.

STATISTICAL ANAYSIS

The data were analysed statistically by using
standard deviation and ANOVA in computer
software (www.faculty wassar.edu/lowry anova 2u).

RESULTS AND DISCUSSION
Total Carbohydrate

In the experimental plants treated with leaf extract
of E.heyneana the carbohydrate content of the black
gram, Vigna mungo was analysed after 65 days of
treatment (Table 1). The carbohydrate content of the
control plants was observed as 76.44 + 0.57, while in
inoculated control plants, the carbohydrate content
has been decreased with increasing inoculum levels
of egg masses of root-knot nematode, 16.25 + 0.06 at
5 egg masses inoculum to 7.22 £ 0.21 at 25 egg masses
inoculum. At different concentrations of leaf extract,
the carbohydrate content was found to be 19.18 +
0.18 at 5 ppm to 69.23 + 0.21 at 25 ppm at 15 egg
masses inoculum level. The same trend was also
observed in the plants inoculated with 5, 10, 20 and
25 egg masses and increasing with increasing

Tablel
Effect of different inoculum levels of root-knot nematode, Meloidogyne incognita and different concentrations of leaf extract
of Ervatamia heyneana on the total carbohydrate content (mg/g) of black gram Vigna mungo.

No. of Egg Total carbohydrate content
Masses Treated
Control Inoculated control ~ *5 ppm *10ppm *15ppm *20ppm *25ppm

5 76.44 £ 0.57  16.25%0.06 25.13+0.12 32.22+ 0.20 4513+ 0.11 67.09+ 0.09 72.22 £ 0.20
10 14.27 £ 0.25 22.33 £ 0.28 30.10 £ 0.09 4314 £ 0.14 6413 £0.11  70.14 £0.13
15 12.26 £ 0.26 19.18 £ 0.18 28.15 £ 0.15 4213 £ 0.12 6225 £0.22 69.23 £0.21
20 09.34 £ 0.41 17.16 £ 0.14 2512 £ 0.11 38.09 £ 0.09 59.11 £0.10  68.10 + 0.10
25 07.22 £0.21 15.20 £ 0.17 23.10 £ 0.09 36.10 £ 0.10 56.13 £ 0.11  65.09 + 0.09

Note : Data are the average value of three replications * means statistically significant, P < 0.01.
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Table 2
Effect of different inoculum levels of root-knot nematode, Meloidogyne incognita and different concentrations of leaf extract
of Ervatamia heyneana on the total protein content (mg/g) of black gram Vigna mungo.

No. of Egg Total carbohydrate content
Masses Treated
Control Inoculated control ~ *5 ppm *10ppm *15ppm *20ppm *25ppm
5 Control Inoculated control *5 ppm *10ppm *15ppm *20ppm *25ppm
5248 +0.37 22.00+0.10 29.18 £ 0.09 36.23 £ 0.09 41.61 £ 0.04 48.88 £ 0.07  52.25 +0.08
10 19.71 £ 0.27 27.30 £ 0.12 34.38 £ 0.04 40.45 £ 0.20 4722 +0.06  51.48 +0.27
15 19.23 £ 0.09 25.48 + 0.09 33.77 £ 0.10 39.90 £ 0.09 4556 £ 0.05  50.82 +0.11
20 17.52 £ 0.26 22.75 +£0.23 32.72 £ 0.04 38.98 £ 0.10 4448 £0.09  50.11 + 0.07
25 14.31 £ 0.13 22.35 £ 0.06 31.76 £ 0.04 37.33 £ 0.05 4372 £0.06 4945+ 0.14

Note : Data are the average value of three replications * means statistically significant, P < 0.01.

concentrations of leaf extracts. The results were
statistically significant at p<0.01. The determination
of carbohydrates in nematode infected plants. Little
more than 50% reduction of free sugars was reported
in galled tomato root infected with M. incognita over
healthy ones [17]. Similarly Musabyimana and Saxena
[18] reported that the carbohydrates are quick energy
source compounds obtained from the vegetable
plants or crops. Due to the infection of various species
of root-knot nematodes, the carbohydrate content
has been decreased in banana. In the use of neem
seed derivations showed better improvement in
carbohydrate content than this inoculum levels.
Kumar [19] also found that the pathogenic effect of
root knot nematode, M. incognita decreased the
biochemical compounds of leaves of tuberose plants.

Total Protein

The experimental plant treated with leaf extract of
E.heyneana the protein content (mg) of black gram V.
mungo were analysed after 65 days of treatment
(Table 2), the control plants showed 52.48 + 0.37,
while in inoculated control plants it was found to be
decreasing from 22.0 £ 0.10 at 5 egg masses inoculum
level to 14.31 £ 0.13 at 25 egg masses inoculum level.
While in the experimental plants treated with
Ervattamia heyneana, the protein content was found
to be increasing from 27.30 £ 0.12 at 5 ppm to 51.48 +
0.27 at 25 ppm at 10 egg mass inoculum level. The
same results were also observed in other different
inoculum levels. The results were statistically
significant at p<0.01. Ramesh Kumar et al. [20]
reported that the protein content was increased
vermicompost extract treated plants (Cluster bean
Cyamposis tetragonaloba) compared with control and
inoculated control plants. The increasing concentration
of vermicompost extracts shows the increasing trend

of protein level. Similarly Padhi and Behera [21]
reported that the protein content in the leaves of
test plants has been decreased in inoculated plants
and increased in 10 indigenous plant extract-treated
plants. The increased concentration of protein in the
inoculated untreated plants tissue might be due to
the action of proteolytic enzymes from plant sources
and nematode source too. It is axiomatic that protein
plays a major role in defence action against the
nematode [22].

Nitrate Reductase Activity

In this study the experimental plants treated with
leaf extract of E.heyneana the nitrate reductase
activity (M mol No, h™, g™ f.wt.) of black gram, V.
mungo were analysed after 65 days of treatment, the
control plants showed (60.54 + 0.95), while in
inoculated control plants it was found to be
decreasing from 19.65 + 0.07 at 5 egg masses inoculum
level to 7.48 + 0.07 at 25 egg masses inoculum level.
While in the experimental plants treated with leaf
extract of E.heyneana the nitrate reductase activity
was found to be increasing (20.42 + 0.06 at 5 ppm to
45.54 £ 0.23 at 25 ppm at 25 egg masses inoculum
level) with increasing concentration of leaf extract
at different inoculum levels. The results were
statistically significant at p < 0.01.

Sadasivam and Manikam [23] reported that the
nitrate reductase is an enzyme that is capable of
converting nitrate into nitrite compound in the
presence of reduced pyridine nucleotide. Mohanty
et al. [24] reported that reduced nitrogenase activity
was observed in nematode infected nodules. Similar
observations made by Chahal and Chahal [25] in
Mung bean infected by M. incognita. The functioning
of nitrogenase is directly related to leghaemoglobin
content as it regulates the diffusion of oxygen.
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Table 3
Effect of different inoculum levels of root-knot nematode, Meloidogyne incognita and different concentrations of leaf extract
of Ervatamia heyneana on the Nitrate reductase activity (M mol No, h™, g™ f.wt.) of black gram Vigna mungo.

No. of Egg Total carbohydrate content
Masses Treated
Control Inoculated control ~ *5 ppm *10ppm *15ppm *20ppm *25ppm

5 60.54+0.95 19.65 £ 0.07 29.84 £ 0.07 30.63 £ 0.07 38.66 £ 0.09 4487 £0.10  48.79 +0.08
10 18.31 £ 0.11 27.29 £0.13 30.17 £ 0.09 37.85 £ 0.13 4374 £0.21  47.59 +0.07
15 15.33 £ 0.14 25.79 + 0.08 29.71 £0.14 36.50 £ 0.08 4242 +£0.21  47.33 £0.04
20 13.17 £ 0.10 23.24 +£0.10 29.23 £ 0.11 35.43 £ 0.04 4055 £ 0.09  46.35 + 0.04
25 7.48 £ 0.07 20.42 £ 0.06 28.25 £ 0.13 34.12 £ 0.03 40.18 £0.03  45.54 +0.23

Note : Data are the average value of three replications * means statistically significant, P < 0.01.

Reduction in leghaemoglobin content might be the
possible cause of low nitrogenase activity.

Total Phenol

Table 4 show the experimental plant treated with
leaf extract of E.heyneana the total phenol content
(mg/g) of the black gram, V. mungo were analysed
after 65 days, the control plants showed 5.83 + 0.06,
while in inoculated control plants it was found to be
increasing from 31.88 £ 0.09 at 5 egg masses inoculum
level, 32.89 £ 0.05 at 10 egg masses inoculum level,
33.89 + 0.06 at 15 egg masses inoculum level, 35.16 +
0.06 at 20 egg masses inoculum level and 36.16 + 0.10
at 25 egg masses inoculum level. The experimental
plants treated with leaf extract of E.heyneana , the
phenol content was found to be decreasing (27.61 £
0.08 at 5 ppm to 13.66 + 0.08 at 25 ppm at 20 egg
mass inoculum levels) with increasing concentration
of leaf extract at different inoculum levels egg masses.
The results were statistically significant at p<0.01.
The phenolic compounds are the best known factors
involved in susceptible-resistant response. There is
a distinct correlation between the degree of plant
resistance and the phenolics present in plant tissues
[26]. Most phenols occur in plant tissues in bound
forms as glycosides of low physiological and chemical

activities. Activation requires their decompositions
to free phenols [27]. Nematodes are able to
decompose glycosides by secreting a-glycosidases
into host tissue [28]. Similarly Bhargava et al. [29]
reported that the total phenol increased with infected
plants than the healthy plants. These observations
are in confirmation of earlier reports [30,31,32] (Hung
and Rohde 1973; Ganguli and Dasgupta 1979; Hasan
and Saxena 1979) they had showed that resistant
cultivar of tomato and brinjal had more total phenol
than susceptible and also that greater increase in
phenolic contents after infection of nematode had
occurred in resistant.

CONCLUSION

The present study indicated that the leaf extract of
E.heyneana have the good nematicidal properties
against the root knot nematode, M. incognita. Further
they recommended the leaf extract of Ervatamia
heyneana has a small scale former to control the
nematodes.

ACKNOWLEDGEMENT

We profoundly thank UGC for providing fund to
carry out this project under Major Research Project
(F.No. 42-569/2013 (SR) dated 22.03.2013) Scheme

Table 4
Effect of different inoculum levels of root-knot nematode, Meloidogyne incognita and different concentrations of
leaf extract of Ervatamia heyneana on the total phenol content (mg/g) of black gram Vigna mungo.

No. of Egg Total carbohydrate content
Masses Treated
Control Inoculated control ~ *5 ppm *10ppm *15ppm *20ppm *25ppm

5 5.83+0.06 31.38 £ 0.09 26.14 £ 0.09 20.43 £ 0.07 19.29 £ 0.09 1523 £0.09 11.26 £0.73
10 32.89 £ 0.05 26.72 + 0.07 20.82 £ 0.09 19.58 £ 0.10 1581 £0.11  11.67 £ 0.08
15 33.89 £ 0.06 26.86 + 0.12 21.46 £ 0.07 19.64 £ 0.05 16.09 £ 0.09  12.88 + 0.08
20 35.16 £ 0.06 27.61 £ 0.08 22.13 £ 0.06 19.92 £ 0.06 16.86 £ 0.07  13.66 + 0.08
25 36.16 £ 0.10 29.11 £ 0.08 22.86 + 0.06 20.08 £ 0.08 1812 £ 0.08  14.74 £ 0.06

Note : Data are the average value of three replications * means statistically significant, P < 0.01.

2656

International Journal of Tropical Agriculture © Serials Publications, ISSN: 0254-8755



Biochemical Alterations of Black Gram, Vigna Mungo Infected With Root Knot Nematode, Meloidogyne...

and The Principal, Ayya Nadar Janaki Ammal College
Management for providing Laboratory facilities
during the course of studies.

REFERENCES

Jung, C and W. Wyss, (1999). New approaches to control
plant parasitic nematodes. Applied Microbiology and
Biotechnology, 51: 439-446.

Williamson, V.M and A. Kumar, (2006). Nematode resistance
in plants: the battle underground. Trends in Genetics,
22: 396-403.

Osei, K., J.O. Fening, S.R. Gowen and A. Jama, (2010). The
potential of four non-traditional legumes in
suppressing the population of nematodes in two
Ghanaian soils. Journal of Soil Science and
Environmental Management, 1: 63-68.

Trifonovo, Z and A. Atanasor, (2011). Control of potato
cyst nematodes (Globoderra rostochiensis) with some
plant extracts and neem products Bulgarian. Journal
of Agricultural Science, 17(5): 623-627.

Roy, A., S.S. Bal and S. Ferganym, (2012). Wild melon
diversity in India (Punjab state). Genetic Resources and
crop Evolution, 59: 755-767.

Parris, H.S., J. Janick and M.C. Daunay, (2011). Medival
herbal Iconography and Lexicograpgy of Cucumis
(cucumber and melon cucurbitaeceae) 108: 471-484.

Olowe, T. (2010). Variation in virulence of Meloidogyne
incognita races 1, 2, 3 and 4 on cowpea genotypes.
European Journal of Scientific Research, 43: 340-350.

Nataragan, N., A. Cork., N. Boomathi., R. Pandi., S.
Velavan and G. Dhaskshanamoorthy, (2006). Cold
aqueous extracts of African marigold, Tagetes erecta
for control of tomato root-knot nematode, Meloidogyne
incognita. Crop Protection, 25: 1210-1213.

Mukhtar, T., M. A. Hussain., M. Z. Kayani and M. N.
Aslam, (2014). Evaluation of resistance to root-knot
nematode (Meloidogyne incognita) in okra. Crop
Protection 56: 25-30.

Enyiukwu, D.N., A E.Awurum., C.C.Ononuju and J.A.
Nwaneri, 2014. Significance of characterization of
secondary metabolites from extracts of higher plant
in plant disease management. Int. J. Adv. Agric.
Resrarch, 2: 8-28.

Fred, B., and S.A. Wakesman, (1928). Laboratory manual
of Microbiology. University press London: 145.

Peach, K and M.V. Tracey, (1956). Modern methods of
plant analysis. springer verlag, Berlin 33.

Jayaraman, J., (1981). Laboratory manual in biochemistry,
Willey Eastern Ltd. Madras. 1-65.

Lowry, H.O., N.J. Rosenbrough, A.L. Farr and R.J. Randale,
(1951). Protein measurement with folin phenol
reagent. |. Biol. Chem, 193: 265-275.

Jaworski, E.G., (1971). Nitrate reductase in intact plant
tissue.  Biochemistry  Biophysics  Research
Communication. 43: 1274-1279.

Bray, H.G and W.V. Thorpe, (1954). Analysis of Phenolic
compounds of interest in metabolism. Meth. Biochem.
Anal. 1: 27-52.

Owens, T and H.N. Specht, (1966). Biochemical alterations
induced in host tissues by root nematodes. Contrib.
Boyce Thompson Inst, 23: 181-198.

Musabyimana, T and R.C. Saxena, (1999). Efficacy of neem
seed derivatives against nematodes affecting banana.
Phytoparasitica, 27: 43-49.

Kumar, S., (2000). Pathogenic effect of root-knot nematode,
Meloidogyne incognita on tuberose, Polyanthus tuberose.
Indian |. Nematal. 30(1): 86-100.

Ramesh Kumar, K., N. Nattuthurai and R. Gurusamy,
(2011). Influence of vermicompost in root- knot
nematode management as a function of soil
fortification. Elixir Agriculture, 38: 4210-4213.

Padhi, N.N and G. Behera, (2000). Evaluation of
nematicidal potential in ten indigenous plant species
against Meloidogyne incognita. Indian |. Phytopathol.
53(1) : 28-31.

Dasgupta, D.R., T. N. A. Farooqi, A.K. Ganguly., U.N.
Mote., S. Ganguly and D. Premaciiandran, (1981). On
the biochemical mechanism of resistance in tomato
against the root-knot nematode, Meloidogyne incognita.
Proc. All India Nematol. Symp., Coimbatore : 21.

Sadasivam, S and A. Manikam, (1992). Biochemical
methods for agricultural sciences, Wiley Eastern. Ltd.,
New Delhi.

Mohanty, K.C., P.K. Mohanty and T. Pradhan, (1997).
Effect of Meloidogyne incognita on root biochemistry
and functioning of nodules in green gram. Indian |.
Nematol. 27(1):1-5

Chahal, P.P.K and V.P.S. Chahal, (1989). Adverse effect of
Meloidogyne incognita on the functioning of nodules
produced by Rhizobium sp on mung bean. Indian .
Nematol. 32: 26-29.

Mohamed, A.A., A A. Khalil and H.E.S. El-Beltagi, (2010).
Antioxidant and antimicrobial properties of kaff
maryam (Anastatica hierochuntica) and doum palm
(Hyphaene thebaica). Grasas Y Aceites, 61(1): 67-75.

Afity, AM.R., H.S. El-Beltagi., S.M. Abd El-Salam and A.A.
Omran, (2012). Biochemical changes in phenols,
flavonoids, tannins, vitamin E, 4-carotene and
antioxidant activity during soaking of three white
sorghum varieties. Asian Pacific Journal of Tropical
Biomedicine, 2(3):203-209.

Wilski, A and ]. Giebel, 1966. 8 glucosidase in Heterodera
rostochiensis and its significance in resistance of potato
of this nematode. Nematologica, 12: 214-224.

Vol. 33, No. 4, October-December 2015

2657



Azhagumurugan, C and M.K.Rajan

Bhargava, S., M.K. Sharma and P.K. Dhasora, (2007).
Histopathological and Biochemical changes induced
by Root-knot nematode, Meloidogyne incognita of

resistance and susceptible cultivars of cowpea. J.
Mycol. PI. Pathol, 37(1): 112-116.

Hung, C and R.A. Rohde, (1973). Phenolic accumulation
related to resistance in tomato to infection by root-knot
and lesion nematodes |. Nematol. 5: 253-258.

Ganguli, A.K and D.R. Dasgupta, (1979). Sequential
development of peroxidase (c.c.1.11.7) and IAA
oxidase activities in relation to resistant and

susceptible responses to tomatos to the root-knot
nematode, Meloidogyne incognita. Indian ]J. Nematol.
9(2) : 143-151.

Hasan,N and S.K. Saxena, (1979). Effect of inoculating

tomato with root-knot nematode, Meloidogyne
incognita  on the phenolic content and
polyphenoloxidase activity In: Physiology of host
pathogen intraction. A.Mahadevan, ed. Current
trends in life sciences New Delhi, India; Today and
Tomorrow’s Printers and Publisher. 6: 99-203.

2658 International Journal of Tropical Agriculture © Serials Publications, ISSN: 0254-8755





