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An experiment was conducted to study the effect of root rot fungus Fusarium solani on the growth of the
plant, number of pods, chlorophyll, carotenoid, nitrogen and phosphorus content and nitrate reducatse
activity on an important pulse crop lentil by inoculating the plants with variable inoculum levels from 0.25
g t04.00 g fungal mycelial mat per kg soil. A reduction was observed in all the plant growth, biochemical
and nutrient parameters as the inoculum level increased, with a significant reduction taking place at and
above the inoculum level of 1.00 g mycelial mat per kg soil. Maximum damage to the plant was recorded
at the highest inoculum level i.e. 4.00 g mycelial mat per kg soil. The percentage of root rot was directly
proportional to the inoculum level, highest being on 4.00g mycelial mat per kg soil.

Highlights

* Results of the above study reveal that root rot fungus Fusarium solani infects and causes morphological

and physiological alterations in plants.

* As the inoculum level increases the reduction in plant growth, biochemical and nutrient parameters
increases. The inoculum threshold level was found to be 1.00g mycelial mat per kg soil.
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Lentil is an important pulse crop grown in India
during rabi season. It is rich in carbohydrates and
proteins and also contains vitamin B and minerals
like iron, calcium, magnesium and phosphorous. In
India it is mainly grown in Uttar Pradesh, Madhya
Pradesh, Bihar and West Bengal of which 37 per
cent production is contributed by Uttar Pradesh.
Lentil has an average national productivity of 675
kg per ha which is much less than its yield potential.
(Chaudhary et al., 2009). Lentil is affected by a
wide range of pathogens, both seed (De et al., 2002)
and soil borne which is a major cause of decrease
in production of lentil. Root diseases in lentil are
caused by various fungi (Khare et al., 1979; Karahan
and Katircioglu, 1993; Singh and Tripathy, 1999),
which infect the plant root and base of the stem

causing discoloration and rotting of these areas.
Fusarium solani is an imperfect fungus which is soil
borne in nature and is known to cause root rot. It
penetrates by means of infecting hyphae, inducing
decay of root cortex followed by infection of plants
(Price, 1984, Kamel et al., 1973). This fungus leads to
economic losses in a variety of crop plants, including
lentil (Pandey et al., 2000). Thus an experiment was
conducted to study the damaging effects of Fusarium
solani on plant growth, biochemical and nutrient
parameters in lentil.

MATERIALS AND METHODS

For the experiment 15 cm diameter clay pots filled
with steam sterilized soil were used. Seeds of lentil
cv.DPL 62 were surface sterilized with 1% sodium
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hypochlorite solution before sowing and three
to four seeds were sown per pot. Thinning was
done one week after germination to retain only
one seedling per pot. Fusarium solani was isolated
from infected lentil roots. It was maintained on
potato dextrose agar medium and mass cultured
on Richard’s liquid (Riker & Riker, 1936) medium.
The conical flasks were incubated for about 15 days
and then the liquid medium was filtered through
Whatman filter paper No. 1. To remove the traces
of the medium, the mycelial mat was washed in
distilled water and gently pressed between the folds
of blotting paper to remove the excess amount of
water. The inoculum was prepared by blending
10g fungal mycelium in 100ml of sterilized distilled
water in a mixer for thirty seconds. Thus, each 10 ml
of this suspension contained 1.00 g of the fungus.
The seedlings of lentil were inoculated with 0.25,
0.50, 1.00, 2.00, 4.00g mycelial mat of fungus per
kg soil by pouring the required quantity of fungal
inoculum uniformly by exposing the roots and then
immediately covering with soil properly. The un-
inoculated plants served as control. Each treatment
had five replicates. Plants were watered as and
when required.

Plants were uprooted after ninety days of inoculation
and plant growth was determined on the basis of
plant length, fresh weight and dry weight and
number of pods. Leaf chlorophyll was estimated by
method of Arnon, 1949. Estimation of leaf carotenoid
was done by Machlachlan and Zalik, 1963 method.
Leaf Nitrate reductase activity was estimated by
intact tissue method (Jaworski, 1971). Leaf Nitrogen
content was estimated according to the method of
Lindner,1944. The method of Fiske and Subba Row,
1925 was used to estimate the total phosphorus
content in lentil leaves. The root-rot estimation
was done by taking the percentage of rotting per
root-system. Data analysis was done by one-way
analysis of variance and least significant difference
was calculated at p = 0.05 to test for significance.
Software R (R Development Core Team, 2011) was
used for analysis.

RESULTS AND DISCUSSION

The effect of increasing inoculum levels of F. solani
on lentil were studied and it was found that the
reduction in plant length, fresh and dry weight
and number of pods was directly proportional to

Print ISSN : 1974-1712

240

increasing inoculum levels from 0.25-4.00 grams
myecelial mat per kg soil, with significant reduction
taking place at and above the inoculum level of 1.00
gram mycelial mat per kg soil. Maximum reduction
in plant length, fresh and dry weight and number
of pods was observed at 4.00 g mycelial mat per
kg soil. i.e. 27.26%, 29.14%, 31.72% and 36.15%
respectively (Table 1). Similar results were observed
in case of chlorophyll and carotenoid contents
with a decrease of 22.79% and 20.10 % at highest
inoculum level. (Fig. 1 and 2).
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Fig. 1: Effect of different inoculum levels of Fusarium solani
on Total chlorophyll content in lentil leaves

05

=
=

7

=
L

=
=]

=
i

carotenoid content mg/g fresh weight

0.25g 0.50g 1.00g

i

2.00g

00

Caontrol 4.00g

Treatment( fungal mycelial mat per kg soil)

Fig. 2: Effect of different inoculum levels of Fusarium solani
on carotenoid content in lentil leaves

A decline in phosphorus and nitrogen content

and nitrate reductase activity was also observed
with successive inoculum levels, with maximum
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reduction taking place at the highest inoculum level
i.e. 17.30%, 21.20% and 18.71% respectively (Fig. 3,
4 and 5) and significant decrease starting at 1.00g
mycelial mat per kg soil.
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Fig. 3: Effect of different inoculum levels of Fusarium solani
on phosphorus content in lentil leaves
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Fig.4: Effect of different inoculum levels of Fusarium solani
on nitrogen content in lentil leaves

The percentage of root rot increased with an
increase in inoculum levels of F. solani with highest
rotting (27.61%) taking place at 4.00g mycelial mat
per kg soil (Fig. 6). The results are in agreement with
Haseeb et al. 2005; Safiuddin et al. 2011 and Ahmed
et al. 2013, where also an increase in inoculum levels
of root infecting fungi lead to a corresponding
decrease in plant growth and yield parameters.
Chlorophyll is a vital pigment that plants use during
photosynthesis to absorb light and carotenoid
pigments acts as auxiliary antennae due to which
the rate of light absorption by photosynthetic
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membranes is increased and serve a photoprotective
role (Andrew, 1993). Nitrate reductase catalyses the
reduction of nitrate to nitrite and plays a key role
in regulation of nitrate assimiliation (Mazid et al.,
2012) The reduction in plant growth and chlorophyll
content by root infecting fungi was also reported by
Tiyagi et al. (1999) in lentil.
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Fig. 5: Effect of different inoculum levels of Fusarium solani
on nitrate reductase activity in lentil leaves
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Fig. 6: Effect of different inoculum levels of Fusarium solani
on rotting percentage in roots

A significant reduction in the activity of nitrate
reductase and chlorophyll content was observed
by Hayat and Gautam, 1995 in chickpea due to
infection by root infecting fungi. Al-Tuwaijri, 2009
observed reduced chlorophyll and carotenoid
contents due to infection by Fusarium oxysporum and
Fusarium solani in cucumber. Similar results were
reported in rice, broad-bean and groundnut due to
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Table 1: Effect of different inoculum levels of Fusarium solani on plant growth and yield parameters of lentil
(Lens culinaris)

T.reatment . Plant length (cm) Plar}t fresh Pla.nt No. of pods
(mycelial mat/kg soil) weight(g) dry weight(g)

Control 57.40 13.90 3.72 26.00
0.25¢g 56.20 13.58 3.60 25.20
0.50g 54.75 13.15 3.49 24.00
1.00g 47.80 11.45 3.01 19.80
2.00g 44.85 10.70 2.78 18.40
4.00g 41.75 9.85 2.54 16.60

L.S5.D(0.05) 3.44 1.04 0.29 2.24

infection by root rot fungi by Lakshmi et al. (2011).
Nitrogen is a macronutrient involved in amino acid
formation, cell division, photosynthesis, serve as a
building block for proteins and is necessary for the
plants (Schwartz and Corrales, 1989). Phosphorus
also plays an important role in photosynthesis,
respiration and energy storage and transfer,
cell elongation and division and bud growth
(Marschner, 2002). Increasing inoculum levels of
the fungus caused greater damage to root system
leading to reduced uptake of nutrients resulting
in nutrient scarcity. A significant decrease in
nitrogen and phosphorus contents was observed in
chickpea plants when root rot fungus Macrophomina
phaseolina was inoculated alone (Siddique and
Akhtar, 2006). The reduction in plant growth and
biochemical parameters may be due to changes in
host metabolism and production of toxic substances
by the root infecting fungi (Pinto et al., 2006), which
are known to cause stunting, chlorosis and interferes
with host-enzyme systems.

CONCLUSION

Root rot fungi are an important group of plant
pathogens which cause diseases in wide variety
of plants, thus it is important to study their effects
on morphology and physiology of plants, to
establish their inoculum threshold levels and to
understand their disease development mechanisms,
which can help in the development of ideal
management strategies for the pathogens.In the
above study as the inoculum level increases from
0.25g to 4.00g fungal mycelial mat per kg soil, the
reduction in plant growth, biochemical and nutrient
parameters increases. A significant reduction in
all the parameters was observed at and above the
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inoculum level of 1.00g mycelial mat per kg soil and
thus the inoculum threshold level was found to be
1.00g mycelial mat per kg soil.

ACKNOWLEDGEMENTS

Authors are thankful to the Department of Botany,
AMU, Aligarh for providing necessary facilities for
the research work.

Conflict of Interest

Authors declare no conflict of interest.

REFERENCES

Altuwaijri, M.M.Y. 2009. Role of the biocontrol agents,
Trichoderma viride and Bacillus subtilis, in elimination of the
deteriorative effects of the root-rot pathogens, Fusarium
oxysporum and F. solani, on some metabolic and enzyme
activities of Cucumber plants. EQyptian |. Experimental Bio.
(Botany), 5: 29 -35.

Andrew, J.Y. 1991. The photoprotective role of carotenoids in
higher plants. Physiologia Plantarum, 83(4): 702-708.

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

Chaudhary, R.G., Dhar, V. and Singh, R.K. 2009. Association of
fungi with wilt complex of lentil at different crop growth
stages and moisture regimes. Archives of Phytopathology
and Plant Protection. 42(4): 340-343.

Dania Ahmed, Sheila Shahab and Safiuddin 2013. Pathogenic
potential of root-knot nematode Meloidogyne incognita
and root-rot fungus Fusarium solani on chilli (Capsicum
annuum L.), Archives of Phytopathololgy and Plant Protection,
46: 18, 2182-2190.

De, R.K., Dwivedi, R.P. and Narain, U. 2002. Studies on Seed
Borne Fungi of Lentil. Annals of Plant Prot. Sci., 10(1):
114-117.

Fiske, C.H. and Subba Row, Y. 1925. The colorimetric
determination of phosphorus. . Biological Chem., 66:

Online ISSN : 2230-732X



Effect of different inoculum Levels of Fusarium solani (Mart.) Sacc on Plant Growth, Biochemical...

375-400.

Haseeb, A., Sharma, A. and Shukla, P.K. 2005. Effect of initial
inoculum levels of Meloidogyne incognita on root knot
development and growth of Vigna radiata cv. ML-1108.
Indian ]. Nematology, 35: 93-94.

Hayat, S. and Gautam, A. 1995. Effect of Macrophomina
phaseolina on growth, chlorophyll content and activity of
some enzymes in Chickpea. Acta Botanica Indica, 23: 5-7.

Jaworski, E.G. 1971. Nitrate reductase assay in intact plant
tissue. Biochemical and Biophysical Res. Communication 43:
1274-1279.

Kamel, M., Shatla, M.N. and El Shanawani, M.Z. 1973.
Histopathological studies on hypocotyl of lentils infected
by Fusarium solani. J. Plant Diseases and Prot., 80(9/10):
547-550..

Karahan, A. and Katrcoglu, Y.Z. 1993. Occurence and
distribution of fungal diseases on lentil in Ankara
Province. J. Turkish Phytopathology. 22: 27-33.

Khare, M.V., Agrawal, S.C. and Jain, A.C. 1979. Diseases
of lentil and their control. Technical bulletin. Jabalpur,
Madhya Pradwsh, India: Jawaharlal Nehru Krisi Viswa
Vidyalaya.

Lakshmi, J.S., Kuberan, T., Anburaj, J., Sundaravadivelan, C.,
Kumar, P. and Dhanaseeli, M. 2011. Effect of plant growth
promoting fungal inoculants on the growth of Arachis
hypogea and its role on the induction of systemic resistance
against Rhizoctonia solani. Int. |. App. Bio. Pharmaceutical
Tech., 2(2): 222-232.

Lindner, R.C. 1944. Rapid Analytical methods for some of
the common inorganic constitutes of plant tissues. Plant
Physiology, 19: 76-89.

MacLachlan S. and Zalik, S. 1963. Plastid structure, chlorophyll
concentration and free amino acid composition of
chlorophyll mutant of barley. Canadian ]. Botany, 41:
1053-62.

Marschner, H. 2002. Mineral nutrition of higher plants. 2
ed. London: Academic Press.

Mazid, M., Khan, T.A. and Mohammad, F. 2012. Role of nitrate
reductase in nitrogen fixation under photosynthetic
regulation. World . Pharmaceutical Res., 1(3): 386-414.

Print ISSN : 1974-1712

243

Pande, S, Sharma, S.B. and Ramakrishna, A. 2000. Biotic
Stresses Affecting Legumes Production in the Indo-
Gangetic Plain In: Legumes in Rice and Wheat Cropping
Systems of the Indo-Gangetic Plain - Constraints and
Opportunities International Crops Research Institute
for the Semi-Arid Tropics Patancheru 502 324, Andhra
Pradesh, India, pp. 129-155.

Pinto, L.S.R.C., Azevedo, J.L., Pereira, J.O., Vieira, M.C. and
Labate, C.A. 2000. Symptomless infection of banana
and maize by endophytic fungi impairs photosynthetic
efficiency. New Phytologist. 147: 609-615.

Price, D. 1984. Fusarium and plant pathology: the reservoir
of infection. In: Moss, M.O. and J.E. Smith (eds.). The
Applied Mycology of Fusarium. Cambridge University
Press, pp. 71-93.

R Development Core Team 2011. R: A language and
environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. ISBN 3-900051-
07-0, URL http://www. R-project.org/.

Riker, A.J. and Riker, R.S. 1936. Introduction to Research on
plant Disease. John’s Swift Co. Inc., St. Louis, Chicago, New
York. Indianapoles, pp. 117.

Safiuddin, Shahab, S. and Sharma, S. 2011. Pathogenicity of
root-knot nematode, Meloidogyne incognita and root-rot
fungus, Rhizoctonia solani on okra [Abelmoshcus esculentus
L.], e-Journal of Sci. Tech., 3(6): 97-102.

Schwartz, H.F. and Corrales, M.A.P 1989. Bean Production

Problems in the Tropics. 2™ Edn., CIAT, Colombia, ISBN:
9789589183045, Pages: 725.

Siddiqui, Z.A. and Akhtar, M.S. 2006. Biological control
of root-rot disease complex of chickpea by AM fungi .
Archives of Phytopathoology and Plant Prot., 39(5): 389-395.

Singh, J. and Tripathy, S.C. 1999. Mycoflora association with
stored seeds of Lens esculenta. Herbal Pesticide Lab., Dept.
of Botany, Gorakhpur Univ. Gorakhpur, India.

Tiyagi, S.A., Neeraj, V. and Alam, M.M. 1999. Susceptibility of
some accessions of lentil against Rhizoctonia solani. Indian
J. Plant Pathology, 17(1/2).

Online ISSN : 2230-732X






