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ABSTRACT

Root-knot diseased caused by nematode Meloidogyne incognita Chitwood cause considerable damage to the growth and development of plants and also
reduced nutritive value of leaves especially in mulberry, which is the main food source of silkworm Bombyx mori L. The nutritional quality of the
mulberry leaf has considerable effect on the silk worm cocoon crop yield. Hence, the present investigation was carried out to know the effect of root
knot nematode on important phytochemicals of mulberry leaves infested with root knot nematode Meloidogyne incognita. After a careful study it was
found that M. incognita induced biotic stress has effected considerable changes in biomolecule composition as well as vital enzymatic activity in

mulberry leaf and also on the total qualitative yield of the leaf.
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INTRODUCTION

Mulberry (Morus sps) belongs to the family Moraceae, which is
a highly valuable plant for silk industry. Its foliage forms as the
main food source for growing silk worm Bombyx mori L.
Mulberry is usually subject to a number of diseases caused by
bacteria, virus, fungi, mycoplasma and nematodes. These may
cause 10-30% loss in the total yield of the leaf and may reduce
the nutritive values of the mulberry leaves'-2. Of these, the species
of nematode Meloidogyne incognita (Kofaid and White) Chit
Wood cause a great economic loss in the yield of mulberry®. This
is often found in sandy loamy soils under irrigated conditions*.
Bessey was the first person who identifies the effect of the root-
knot disease on mulberry from U.S.A’. The root knot nematode
Meloidogyne incognita cause galls or knots on roots of its host
plants. Formation of galls/knots on the roots and other symptoms
found above ground including stunted growth, chlorosis, wilting,
leaf curling and reduced vigor of the plant are the conspicuous
symptoms of the disease on the mulberry plant®.

The perennial nature of mulberry easily succumbs to the root knot
nematode once the nematode enters the field. Hence, the biotic
stress of root knot nematode on the phytochemical components of
mulberry plants and consequent loss of the yield have interested
the researcher to take up this present study. The finding of the
study are hoped to benefit the mulberry plant growers get rid of a
common disease among plants and would help them avoid loss of
yield.

MATERIALS AND METHODS

The study was carried out in the department of Sericulture, Sri
Padmavati Mahila University, Tirupati, Andhra Pradesh, during
the period 2014-2017. For this experiment, seventy days old
mulberry V1 variety saplings were planted in randomized block
design with 3’ x 3’ spacing. After three months of establishment,

1000 juveniles/plant was inoculated as ECL (Economic
Threshold Level and Crop Loss)’ keeping control. Sixty days
after inoculation biomolecule compounds like Total chlorophylls,
Carbohydrate, Protein, Starch and stress induced biomolecules
(stress markers) such as Phenols, Free amino Acids, Proline,
Ascorbic acid, Chlorogenic acid, Tryptophan were analyzed. In
addition to that different non stress enzyme specific activity such
as Malate dehydrogenase, Nitrate reductase, Amylase, Indole
acetic acide oxidase (leaf and root) stress induced enzymes like
Catalase, Super oxide dismutase, Peroxidase, Ascorbate
peroxidase, Glutathione reductase, Polyphenol oxidase,
Phenylalanine ammonia lyase, was studied in the leaves of
mulberry plants.

Biomolecule estimations
Chlorophylls

The chlorophyll content in leaves was estimated by the method®
and expressed as mg chl/g tissue was calculated using the
following formula.

Chl — a (mg/g tissue) = 12.7(A663)-2.69(A645) X V/1000 X W
Chl — b (ng/g tissue) = 22.9 (A645) - 4.68 (A663) XV /1000 X W
Total chl (mg/g tissue) = 20.2 (A645) - 8.02 (A663) XV / 1000 X W

Where A = absorbance at specific wavelengths
V = final volume of chlorophyll extract in 80% acetone
W = fresh weight of tissue extracted

Carbohydrate

The total carbohydrate was estimated by anthrone method °.
Carbohydrate was calculated in relation to fresh weight basis and
expressed as mg/g. The calculation is done by using the formula.
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Amount of carbohydrate present in 100 mg of the sample

Mg of glucose
80°8 x 100

~ Volume of test sample
Protein

Protein content of leaves was estimated by Lowry’s method '°.
The amount of protein mg/g sample was expressed.

Starch

The starch content was estimated by following the method ° and
the starch content was expressed as mg/g of leaf.

Stress induced biomolecules
Phenols

Phenols were estimated following the method!!.
Concentration of phenols was expressed in pg /g fresh weight
material, equivalent to catechol.

Free amino acids

Free amino acids were estimated following the method!2.
Computation was done using standards and the amount of
amino acids was expressed as pg/g.

Proline

Proline estimation was done by the following method'3 and
expressed in pg / g fresh weight.

ug proline /ml X ml toluene
e/g =
115.5 X g of sample

Where 115.5 is the molecular weight of proline.
Ascorbic Acid

Estimation of Ascorbic acid was followed by the method'*
and expressed as mg/g.

Chlorogenic acid

Estimation of chlorogenic acid was followed by the method
15, Chlorogenic acid content was calculated of the sample
from the standard graph and it was mentioned as mg/g.

Tryptophan

The Tryptophan content was estimated by following the
method'®. It was calculated by using the following formula
and which was expressed as pg/g.

Tryptophan in leaf sample

Tryptophan value from graph in
_ yptop grap ng0.0%

Percent N in the sample
Leaf Yield / ha/ annum (Kg)

Leaf yield was calculated on the basis of spacing given for
plantation, leaf yield/ hectare/ annum was calculated by using the
formula.

= Total number of plants in an acre X 2.5 X Total yield
/ plant X Total number of crops / annum.

Enzyme activity in Mulberry leaves
Non stress enzymes
Nitrate reductase

The enzyme activity was studied following the method!”. Enzyme
activity is expressed as micromole nitrite produced p M min"! mg-
! protein.

Malate dehydrogenase

The enzyme activity was assayed by the following method'®. The
enzyme activity was expressed as min-! mg™! protein.

Amylase Activity

The amylase inhibition was studied by the method” and
expressed as unit min! mg! protein.

Stress induced enzymes
Catalase activity

Catalase activity was estimated following the method®.
Enzyme activity was computed by calculating the amount of
H,0, decomposed and expressed as unit min! mg™! protein.

Change in Abs / min X total volume (ml)

Unit activity =
Y Ext. coefficient X volume of sample used (ml)

Where Ext. coefficient = 6.93 X 10°mM™" cm™!
Superoxide dismutase activity

SOD was assayed following the method?!. Unit of enzyme
activity was expressed as enzyme unit (EU) min' mg!
protein.

Blank - Sample

Unit of =
nit of enzyme Blank,2

Ascorbate Peroxidase
Ascorbic acid was assayed by following the method?.
Enzyme activity was calculated as concentration of ascorbic

acid oxidized and expressed in unit min" mg™! protein.

Change in Abs / min X total volume (ml)

Unit activity =
Y Ext. coefficient X volume of sample used (ml)

Where Ext. coefficient =2.8 X 10 mM-! cm!

Peroxidase

Peroxidase activity was determined specifically with Guaiacol at
436 nm following the method?. The enzyme activity was

expressed as unit min! mg! protein.

3.18 X0.1X1000
6.39X1XAtXO0.1

Enzyme activity units/litre =
Glutathione reductase (Gr)
Glutathione reductase activity was determined by following the
method?. The enzyme activity was expressed as min' mg!
protein.

Phenylalanine ammonia lyase (Pal)

Enzymatic assay of Phenylalanine ammonia lyase (PAL) activity
was analyzed as the rate of conversion of L-phenylalanine into
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trans-cinnamic acid at 270 nm in a spectrophotometer as
mentioned? and was expressed in min"! mg™! protein.

Units/ml enzyme
_ (AA270nm/min Test — A A270nm/min Blank) (3) (df)

(19.73) (0.1)

Poly phenol oxidase (Ppo)

Polyphenol oxidase was assayed following method®® and
expressed as unit min! mg! protein.

Units in the test = K X (AA/min)
Where, K is 0.272 for Catechol oxidase
Indole acetic acid oxidase

TAAO activity was determined by the method?’. The enzyme
activity was expressed as m mole IAA oxidized per min"! mg™!
protein.

Statistical analysis

All results were subjected to statistical analysis. Data was
analyzed by analysis variance T-test and tested for significance at
0.01 and 0.05 levels following the method?®.

RESULTS AND DISCUSSION

Effect of root knot nematode M. incognita on bimolecule
composition and stress induced biomolecules in mulberry
leaves

Plant parasitic nematode, Meloidogyne incognita caused
considerable changes in biomolecule composition of the infested
mulberry leaves. Results were presented in the Table 1 and 2.

Biomolecule compounds

A considerable changes in total chlorophyll content as well as
chlorophyll-a and b, carbohydrate, protein, starch and leaf yield
were observed in nematode infested leaves compared to healthy
plants. The significant reductions were observed in all the above
parameters against healthy plants. The results are presented in
Table 1and Figures 1, 3.

Plant parasitic nematode, Meloidogyne incognita alters the
metabolic processes of the host plant which are manifested in the
form of physiological and biochemical changes occurring in the
infested plants.

Hyperplasia and hypertrophy caused due to root knot disease on
mulberry roots results in reduced uptake and transport of water
and nutrients. Reduced water and nutrients absorptions make the
plant suffer from decreased biomolecule synthesis ultimately
reduces the yield. Root-knot nematodes cause giant cells to form
in the roots, and this disrupts the root vascular system, reducing
the uptake of water and nutrients and their transport from the roots
to the shoots?’.

The present observations are in conformity with earlier reports.
This was reported that protein and carbohydrates as well as
chloroplast pigments are adversely affected due to root knot
nematode M. javanica infestation in chickpea (Cicer arietinum
L)*. The starch level decreased in the host plants infested by
Meloidogyne spp as observed!.

Stress induced biomolecules

When nematode infested mulberry leaves were analyzed for the
presence of stress induced biomolecules, there was significant
increase in the percentage of Phenols, Free amino acids, Proline,
Ascorbic acid, Chlorogenic acid and Tryptophan.

High concentrations of Phenols, Free amino acids, Ascorbic acid,
Chlorogenic acid and Tryptophan involve in the plant defense
mechanism and create unfavorable conditions for the growth of
pathogen and thus induce disease resistance in host plant. This
might be the reason for increased amount of stress induced
biomolecules.

The observations are in conformity with earlier reports that
revealed that the M.incognita infested okra plants showed
increased levels of phenolic compounds over the healthy plants®2.
It was investigated the biochemical alternation resulting from
Meloidogyne incognita infestation in Cicer arietinum and
reported an increased level of proline, free amino acids and total
phenols in infested plants’®. This was proposed that enzymes of
root-knot nematodes liberate tryptophan from protein complexes
and this compound converted to Indole acetic acid (IAA) could
be responsible for galling®*.

Enzymes activity in leaves
Effect of root knot nematode, Meloidogyne incognita in
enzyme activity of mulberry leaves.

Root knot nematode Meloidogyne incognita cause considerable
changes in various enzyme activities in the nematode infested
mulberry plants.

Non stress enzymes

Nematode infestation in mulberry plant cause reduction in Nitrate
reductase and increased Malate dehydrogenase, Amylase activity
and Indole acetic acid oxidase which are the major synthetic and
catabolic enzymes. The reason could be the damaged root system
results reduced uptake of water and nutrients. The results are
presented in Table -2 and Figure-2.

Stress induced enzymes

When plants expose to any type of stress they react and try to
protect them from oxidative stress which is the primary reaction.
Enzymatic antioxidants like Catalase, Super oxide dismutase,
Peroxidase, Ascorbate peroxidase, Glutathione reductase,
Polyphenol oxidase, Phenylalanine ammonia lyase, are
commonly present in the subcellular compartments which show
increased activity to protect the plant system from oxidative
stress. In the present study also significance increase was
observed in all the stress enzyme activities. The results are
presented in Table -2 and Figure-2.

Nematode induced biotic stress which leads to overproduction of
Reactive oxygen species (ROS) continuously as byproducts of
various metabolic pathways. They cause damage to proteins,
lipids, carbohydrates and DNA resulting in oxidative stress®>. In
favor to limit oxidative damage under stress, plants have
enhanced a series of detoxification systems that break down the
highly toxic ROS*.

Enzyme activity is one of the important tools to confirm the
resistance to root pathogenic nematodes. When a nematode
infests the host tissue, a small number of specific genes are
induced to produce mRNAs that permit synthesis of similar
number of specific proteins’’. Many of these proteins are
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enzymes such as phenylalanine ammonia lyase, polyphenol
oxidase, peroxidase and B-1-3-glucanase. These are involved in
the synthesis of low molecular weight substances such as
phytoalexins, phenols and lignin which are inhibitory to the
invading nematodes’®.

The results of the present investigations are in agreement with the
various reports. The increased percentage of peroxidase activity,
phenol content, polyphenol oxidase activity, phenylalanine

Mulberry garden

ammonia lyase was found in roots of egg plant infested with
nematode’®. The investigations carried out to establish a link
between the activities of catalase, peroxidase and superoxide
dismutase in tomato and nematode M. incognita parasite
interactions revealed that, increase in the enzyme activity was
recorded highest after nematode inoculation for peroxidase,
superoxide dismutase and catalase respectively in the susceptible
cultivar®,

Root knot diseased plant

Table 1. Effect of root knot nematode M. incognita on Biomolecules of mulberry leaves

S. No Parameters Control Infested % of decreased/ T- Test Significant at
increased 0.01 level
1 Total chlorophylls (mg/g) 2.797 1.890 32.427 51.403 *K
Chl- a (mg/g) 1.860 1.200 35.483 34.467 *K
Chl- b (mg/g) 0.940 0.690 26.595 21.651 ok
2 Carbohydrate (mg/g) 49.000 31.330 36.061 496.484 *K
3 Protein (mg/g) 59.000 40.660 31.084 589.876 *K
4 Starch (mg/g) 17.400 10.500 39.655 225.856 ok
5 Leaf yield / ha/ annum (kg) 16036.370 11616.000 27.564 193.038 *K
6 Phenols (ng/g) 2.660 4.100 54.135 23.568 ok
7 Free amino acids (ug/g) 13.000 23.330 79.461 565.797 *K
8 Proline(pg/g) 3.570 5.250 47.058 49.903 *K
9 Ascorbic acid (mg/g) 82.997 92.660 11.642 346.497 *K
10 Chlorogenic acid (mg/g) 42.660 56.660 32.817 588.188 *K
11 Tryptophan (pg/g) 0.457 0.787 72.21 17.501 *K
Note — ** Significant at 0.01 level
Table 2. Effect of root knot nematode, M. incognita on enzymatic activity of mulberry leaves
S.No Parameters Control Infested % of decreased/ T- Test Significant at
(min”' mg™! protein) increased 0.01 level
1 Nitrate reductase 5.87 4.36 25.724 40.356 *K
2 Malate dehydrogenase 0.337 0.563 67.062 11.031 *K
3 Amylase 1.65 2.37 43.636 37.601 *K
4a Indole acetic acid oxidase in leaf 0.113 0.187 65.486 7.778 *K
4b Indole acetic acid oxidase in root 0.803 1.59 98.007 11.600 **
5 Catalase 7.723 9.057 17.273 33.806 *K
6 Peroxidase 0.34 0.61 79.411 33.068 *K
7 Ascorbate Peroxidase 1.163 2.01 72.828 35.223 *K
8 Glutathione reductase 0.083 0.133 60.24 4.009 *
9 Superoxide dismutase 0.027 0.047 74.074 4.243 *
10 Polyphenol oxidase 0.34 0.66 94.117 24.787 *K
11 Phenylalanine ammonia lyase 0.807 1.443 78.81 33.764 *K

Note — ** = Significant at 0.01 level
*= Significant at 0.05 level
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Figure 1. Effect of root knot nematode M. incognita on biomolecules of mulberry leaves
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Figure 2. Effect of root knot nematode, M. incognita on enzyme activity of mulberry leaves
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Figure 3. Effect of root knot nematode, M. incognita on leaf yield of mulberry
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CONCLUSION

It is concluded that root-knot nematode Meloidogyne incognita
bring about considerable phytochemical changes in infested
mulberry plants may be considered as evidence of altered
physiology and growth of plants due to host-parasite relationship
and interaction resulting to loss in crop yield and also the
increased stress enzyme activity could be resistant of plant
defense mechanism against root-knot nematode Meloidogyne
incognita.

ACKNOWLEDGMENT

The author is thank full to U.G.C for sanctioning F.I.P (Faculty
Improvement Program) to do this research work and also great
full to supervisor and staff members of Sericulture department,
Sri Padmavati Mahila University, Tirupati. for providing facilities
to carryout research work.

REFERENCES

l.

10

11.

12.

13

14.

15.

16

Chanturiya ,N.N., Labakhua, L.V. (1963) Listing of
antibiotics to control bacterial infection in mulberry trees.
Soobsch Akad. Nauk Gruz SSR, 32(1), 141- 148.

Shree, M.P.Umeshkumar, N.N. (1991). Changes in the
elemental composition of mulberry leaves (Morus alba L. var
S-54) infected by foliar pathogens, Sericologia, 31(3), 441 -
444.

Chitwood B.G. (1949). Root knot nematodes, partl. A
revison of the genus Meloidogyne Goelidi, 1887. Proc.
Helminth Soc. Wash., 16: 90-104.

Narayanan, E.S, Kasiviswanathan, K. and Iyengar, M.N.S.
1966. Effect of varietal feeding, irrigation levels and nitrogen
fertilization on larval development and cocoon characters of
Bombyx mori L. Ibid. 5:13-17.

Bessey, E. A.1911.Root-knot and its control. United States
Dept. Agric., Bur. Plant Ind. Bull. 217. 89 pp.

Saha , S.S., Sinhababu , S.P. and Sukul , M.C. (1983).The
effect of nematodes infestation on mulberry plants and their
effect on feeding silkworm Bombyx mori. L. Nematologica
29(4):463 -467.

Govindaiah, Dandin, S.B. and Sharma, D.D. (1991)
pathogenicity and avoidable leaf yield loss due to
Meloidogyne incognita in mulberry (Morus alba L.). Indian
Journal Nematol., 21: 52 —57.

Arnon, D.I. 1949. Copper enzymes in isolated chloroplasts,
polyphenol oxidase in Beta vulgaris. Plant Physiology, 24: 1-
15.

Hodge, J.E. and Hofreiter,B.T. (1962). In:Methods in
Carbohydrate Chemistry,Vol.17(Eds,.)Whistler,R.L. and Be
Miller, J.N., Academic Press, New York. p. 420.

. Lowry OH , Rosenbrough , NJ , Farr AL , Randal RJ, protein

measurement with the Folin Phenol Reagent. Journal of
Biological Chemistry,193:265- 275,(1951).

Malik E.P., Singh M.B.,(1980). Plant Enzymology and
Hittoenzymology(1® Edn.) Kalyani Publishers, New Delhi,
pp:286

Theymoli Balasubramanian and Sadasivam. S (1987) Plant
Food, Hum. Nutr. 37 P. 41.

. Bates LS, Waldren RP, Teare ID (1973) Rapid determination

of free proline for water stress studies. Plant Soil 39: 205-
207.

Sadasivam, S and Theymoli Balasubramanian (1987) In :
Practical manuval in biochemistry Tamil Nadu, Agricultural
university, Coimbatore p 14.

Michael Eskin, M A, Hochn, E and Frenkel, C (1978) Journal
of Agricultural and Food Chemistry, 26: 973.

. Mertz, E T, Jambunathan, R and Misra, P S (1975) In: Protein

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28

29.

30.

31.

32.

33.

34.

35.

Quality Agricultural Research Station Bull No. 7, Purdue
Univ., USA, p. 9.

Sadasivam, S. and G. Gowri. 1981. Ammonia assimilatory
enzymes in a nif "In mutant of Azotobacter chroococcum.
Experientia, 37: 552-553.

Sadasivam S and Gowri G (1981) Activities of
phosphoenolpyruvate carboxylase, NAD"-malate
dehydrogenase and aspartate amino-transferase and

chlorophyll a/b ratio in leaves of sorghum cultivars during
plant growth, Photosynthetica. 15, 453-456.

Bernfeld, Amylase, a and B, in Methods in Enzymology, S.
P. Colowick and N. O. Kaplan, Eds., pp. 149-158, Academic
Press, New York, NY, USA, 1955.

Aebi H. In: Catalase in Vitro. Methods in Enzymology.
Colowick SP, Kaplan NO, editors. Vol. 105. Florida
Academic Press, New York 1984. pp. 114-121.

Dhindsa, R.H., R. Plumb-Dhindsa and T.A. Thorpe
(1981).Leaf senescence correlated with increased level of
membrane permeability, lipid peroxide tion and decreased
level of SOD and CAT. Journal of experimental Botany,32,
93-101.

Nakano, Y and Asada, K.(1981). Hydrogen peroxide is
scavenged by ascorbate specific peroxidase in spinach
chloroplasts. Plant Cell Physiol., 22:867 -880.

Putter, J (1974) In : Methods of Enzymatic Analysis 2 (Ed
Bergmeyer) Academic Press New York p 685.

Smith, LK., Vierheller, T. L., Thorne, C. A. (1988 ).Assay of
glutathione reductase in crude tissue homogenates using 5,
5’-dithiobis ( 2- nitrobenzoic acid ).4nal. Biochem., 175: 408
-413.

Dickerson DP, Pascholati SF, Haagerman AE, Butler LG,
Nicholson RL. Phenylalanine ammonia-lyase and hydroxy 1
cinnamate: CoA ligase in maize mesocotyls inoculated with
Helminthosporium maydis or Helminthosporium carbonum.
Physiology Plant Pathology. 1984; 25: 111-123.

Esterbaner , H. Schwarzl, E and Hayn, M (1977).A rapid
assay for catechol oxidase and laccase using 2-nitro-5-
thiobenzoic acid. Anol Biochem T77: 486- 494.

Byrant, S.D and Lane, FE (1979) Indole-3- acetic acid
oxidase from peas. Plant Physiol 63: 696- 699 .

. Rangaswamy, R (2000). 4 text book of agricultural statistics,

New Delhi: New Age International (P) Limited Publishers.
Abad, P., Favery, B., Rosso, M. and Castagnone-Sereno, P.
2003. Root-knot nematode parasitism and host  response:
molecular basis of a sophisticated interaction. Molecular
Plant Pathology, 4: 217-224.

Upadhyay KD and Banerjee B. 1986. Some chemical changes
in chickpea plants infected with root-knot nematode,
Meloidogyne javanica, Indian Journal Nematology, 16 (2):
286-288.

Orion, D and R. Bronner. 1973. The localization of starch,
amylase and invertase in Meloidogyne javanica galls.
Nematologica., 19:401-402.

Agarwal M, Goel, AK, Satish k and Tayal MS.
1985.Biochemical changes in okra infected with root knot
nematode, Meloidogyne incognita, same hydrolysing and
oxidative enzymes and related chemical metabolites,Indian
Journal of Nematology, 15(2): 255-256.

Sharma NT and Trivedi PC. 1987. Biochemical alterations
resulting from M.incognita infection in Cicer arietinum,
Indian Journal of Mycology and Plant Pathology, 17 (2):160-
164.

Sayre, R.M. 1958. Plant tissue culture as a tool in the study of
the physiology of the root-knot nematode, Meloidogyne
incognita. Ph.D. diss., Univ. of Nebraska, Lincoln. 40 p.
Sreedhar M, Chaturvedi A, Aparna M, Kumar PD, Singhal
RK & Venu BP, Influence of y- radiation stress on scavenging
enzyme activity and cell ultra structure in groundnut (Arachis

112



36.

37.

38.

39.

P. Victoria Rani & N. Vijaya Kumari. Int. Res. J. Pharm. 2018, 9 (1)

hypogaea L.). Advances in Applied Science Research, 2013,
4(2):35-44.

Larkindale J & Huang B, Thermotolerance and antioxidant
systems in Agrotis stolonifera : involvement of salicylic acid,
abscisic acid, calcium, hydrogen peroxide, and ethylene.
Journal of Plant Physiol, 161 (2004) 405.

Vera, P. and Conejero, V. 1989.The induction and
accumulation of pathogenesis-related P69 proteinase in
tomato during citrus exocortis viroid infection and after
chemical treatments. Physiology Molecular and Plant
Pathology, 34: 323-334.

Vidhyasekaran, P. 1993. Defense genes for crop disease
management, genetic engineering, tissue culture./n:
Molecular Biology for Crop Pest and Disease Management.
P. Vidhyasekaran. (ed.). Daya Publishing House, New Delhi.
Pp. 17-30.

Xu, Xiao Ming, Xu Kun, Yu Qin and Zhang-Xiaoyan. 2008.

40.

The relationship between resistance of Meloidogyne
incognita and phenylpropanes metabolism in roots of
eggplant root-stock. Acta Phytophylacica Sinica, 35 (1): 43-
46.

Rajasekhar S.P., Ganguly AK. Swain S.C. 1997
Quantitative changes in superoxide dismutase catalase and
peroxidase with reference to resistance in tomato to
Meloidogyne incognita. Indian J. Nematol. 27 (1): 79-85.

Cite this article as:

P. Victoria Rani and N. Vijaya Kumari. Nematode meloidogyne
incognita chitwood induced biotic stress on the phytochemical

composition of mulberry

leaves. Int. Res. J. Pharm.

2018;9(1):107-113 http://dx.doi.org/10.7897/2230-8407.09116

Source of support: U.G.C., India, Conflict of interest: None Declared

Disclaimer: IRJP is solely owned by Moksha Publishing House - A non-profit publishing house, dedicated to publish quality research, while
every effort has been taken to verify the accuracy of the content published in our Journal. IRJP cannot accept any responsibility or liability for
the site content and articles published. The views expressed in articles by our contributing authors are not necessarily those of IRJP editor or
editorial board members.

113



